Résumé

La réduction de la composante du risque sismique liée aux dommages causés aux bâtiments dans les vallées sédimentaires nécessite une estimation précise de la réponse des bâtiments tenant compte de l'amplification des mouvements sismiques dans les dépôts géologiques de surface. Les codes parasismiques actuels et les études d'aléa sismique utilisent principalement des proxys pour tenir compte de la réponse sismique 1D (effets de site 1D) dans les spectres réponse. Dans les vallées sédimentaires 2D, le confinement latéral des dépôts géologiques conduit à la génération d'ondes de surface diffractées sur les bords de vallée qui sont piégées dans la vallée, ce qui, en plus de de la réverbération des ondes de volume (effets de site 1D), entraîne une amplification et un allongement de la durée du mouvement sismique par rapport aux effets de site 1D. Ces effets de site 2D ne sont pas encore pris en compte dans l'évaluation de l'aléa sismique et la conception parasismique. Cette thèse propose de mieux comprendre et quantifier les dommages aux bâtiments dans les vallées 2D, en particulier la différence entre les dommages causés par les effets de site 1D et 2D. Dans le cadre du projet européen NERA, des réponses impulsionnelles temporelles 1D et 2D ont été calculées sur plusieurs récepteurs à la surface libre pour un grand nombre de vallées 2D différentes en termes de propriétés géométriques et élastiques. Ces réponses impulsionnelles ont été convoluées avec des séismes synthétiques couvrant une large gamme de magnitude et de distances épicentrales. Le déplacement maximal au sommet de bâtiments (béton armé, aciers) issus des typologies RISK-UE et HAZUS est ensuite calculé ainsi que les dommages au rocher, dans les structures 1D et les vallées 2D. Outre le calcul des dommages, plusieurs autres indicateurs liés au mouvement du sol au rocher et aux sédiments et aux propriétés géométriques et élastiques des vallées ont été extraits.

À partir de la base de données ainsi construite, nous montrons que, si l'intensité de mouvement du sol et la coïncidence des fréquences entre le bâtiment et le sol sont les facteurs clés expliquant les différences de dommages entre les sédiments et le rocher pour les vallées 1D et 2D, la distribution spatiale des sur-endommagements entre les vallées 2D et 1D est principalement contrôlée par le contraste de vitesse entre les sédiments et le rocher, l'étroitesse de la vallée et la pente des bords de la vallée. Les sur-endommagements maximaux se produisent près des bords de vallées et à leur centre (en particulier pour les vallées les plus étroites) tandis que les sousendommagements sont observés sur les pentes les plus fortes. Ces sur-endommagements se produisent principalement pour des rapports entre fréquences des sols 1D et des bâtiments supérieurs à 1, conséquence des effets de site 2D qui amplifient le mouvement du sol sur une large gamme de fréquences au-delà de la fréquence de résonance 1D. Ce mécanisme est d'autant plus fort que la vallée est étroite et que le contraste de vitesse est important. Nous montrons le contrôle des ondes de surface diffractées sur les bords de la vallée sur les surendommagements ainsi que les effets de bord de vallée sur les sous-endommagements. Les effets de sur-ou de sous-endommagement ne dépendent pas des typologies de bâtiments, ouvrant la perspective de développement de "facteur d'aggravation de dommages" visant à inclure les effets de site 2D dans la distribution des dommages, quel que soit le type de bâtiment.

Le dernier objectif de cette thèse vise à extraire, à partir de mesures in situ, les fréquences de résonance des 2 principales typologies de bâtiments (RC et acier) dans la ville de Téhéran (Iran) située sur un bassin sédimentaire 3D profond. Les résultats, comparés au code parasismique iranien et aux relations empiriques existantes dans le monde, montrent la nécessité d'inclure les dimensions horizontales des bâtiments iraniens dans les relations empiriques.

Abstract

Mitigation of seismic risk component related to the building damages in sedimentary valleys needs an accurate estimation of buildings response accounting for seismic ground motion amplification in near surface geological deposits. Current building seismic codes and seismic hazard analysis are mainly using proxies to account for 1D soil response (1D site effects) in seismic design spectra. In 2D sedimentary valleys, the finite lateral confinement of surface geological deposits leads to valley edge generated diffracted surface waves that are horizontally trapped within the valley in addition to body waves reverberation (1D site effects), leading to an increase of ground motion amplification and duration lengthening compared to 1D site effects. These 2D dimensional site effects are not yet accounted in seismic hazard assessment nor seismic design. This PhD thesis focus on better understanding and quantifying building damages in 2D valleys, especially the difference of damages caused by 1D and 2D site effects.

For vertically incident SH plane waves, 1D and 2D impulse time responses at several receivers at free surface for a large suite of different 2D valleys in terms of geometrical and elastic properties have been computed within the EU NERA project. These impulse time responses have been convolved with input synthetic earthquakes spanning a wide range of magnitude and epicenter distances. Maximum top displacement at various buildings (reinforced concrete, steels…) from RISK-EU and HAZUS typologies have then been computed and, hence, damage states on outcropping rock, 1D sites and 2D valleys. Along with computation of damage states, several other indicators related to the seismic ground motion at outcropping rock and sediments, geometrical and elastic properties of valleys, have been extracted.

From the resulting huge database, we show that, while the input ground motion intensities (PGA, Arias Intensity) and the coincidence of frequencies between building and soil are the key factors to explain differences of damages between rock and soil, for 1D and 2D valleys, the spatial distribution of over-damage between 2D and 1D soil structures is mainly controlled by the velocity contrast between sediment and rock, the narrowness of the valley and the angle of the valley slope. Maximum over-damage occurs near the valley edges and in the center of the valley (especially for the narrowest valleys) while under-damage is observed on the steepest valley slopes. These over-damages occur for ratios between 1D fundamental soil and building fundamental frequencies greater than 1, as a direct consequence of 2D site effects that amplify ground motion over a wide frequency range beyond the 1D resonance frequency. This mechanism is as strong as the valley is narrow and the velocity contrast is large. We highlight the control of surface waves diffracted on the valley edges and trapped inside the valley on the overdamage as well as the body waves wedge effects occurring on the edges on the lower-damage. The over-or underdamage effects are not found to be sensitive to building typologies, which opens the perspective to develop "damage aggravation factor" to account for the 2D site effects in building damages distribution compared to 1D site effects, whatever the building type.

The last objective of this study is to extract, from in situ measurements, the resonance frequencies of the 2 main building typologies (RC and steel) in Tehran city (Iran) which is located on a 3D deep sedimentary basin. The results are compared to the Iranian seismic code and to worldwide empirical relationships, leading us to include the horizontal sizes of the Iranian buildings in the empirical relationships.
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I. GENERAL INTRODUCTION 1 SCIENTIFIC CONTEXT

In the recent past, cities have been more and more impacted by earthquakes, generating significant structural losses, causalities and economic problems mainly in developing countries. For one hand, Kramer in 1996 assume that "It is impossible to prevent earthquakes from occurring, but it is possible to mitigate the effects of strong earthquake shaking to reduce loss of life, injuries and damages" while, on the other hand, it is clear that "Earthquake don't kill people, buildings do". The earthquake loss reduction illustrates the imperative need for constructing earthquake-resistant buildings. This requires a minimal knowledge on building behavior under seismic solicitation to help modeling and/or understanding possible structural damages. Moreover, reaching comprehensive scenarios for earthquake damages and losses in a given region requires a multidisciplinary approach involving different scientific fields such as in seismology, geology, geotechnic, economy, sociology, structural engineering and, urban planning.

Seismic risk can be seen as a combination of:

1. The seismic hazard which is related to the space and time distribution of possible earthquakes, seismic wave propagation throughout the crust and near-surface geological materials;

2. The vulnerability although it should be written vulnerabilities, because inside the word "vulnerability", several aspects are mixed: the physical vulnerability that is mainly linked to the susceptibility of a building to damaging during an earthquake, the human vulnerability related to the population habits and behavior and the vulnerability of the society composed of an economical part and a societal one;

3. The resilience which corresponds to the capacity of a society to cope and recover after the earthquake. Mentioned resilience, evaluated at social and economic scales, can allow a faster recovery of the impacted zone if the society is "prepared" or can be seen as an aggravation factor if the society is more "disorganized".

In current approach, seismic risk analysis mainly involves the combination of seismic hazard of a region and the vulnerability analysis of current buildings, to finally evaluate only the structural losses in case of an earthquake. At the end such studies can be used by decision makers in two ways:

1. Prediction of expected building damages and related losses due to an earthquake of given intensity;

2. Improvement of current seismic codes for more resistant buildings in the future, so to reduce the earthquake impact as best as possible.

Prediction of expected damages is crucial to depict/evaluate human casualties and structural losses, leading to disaster response planning and seismic improvement intervention plans. To reduce the human and structural losses, the primary goal of seismic codes is generally to implement structural designs such as an intense ground shaking will not lead to building collapse. Moreover, specific design parameters are considered in building codes to maintain the serviceability of particular structures with special operation purposes (i.e., hospitals and, emergency centers). In all cases, the main reason to develop seismic codes is (should be) always to preserve human life. Moreover, seismic codes are scalable and are sensitive to the "lessons learned" from post seismic observations.

Ground motion characteristics in a given area depends on three factors: the earthquake characteristics (i.e., magnitude, hypocenter, rupture mechanism, slip distribution), the propagation path through the crust and, finally, the propagation through the surface geological sedimentary deposits that can modify the seismic ground motion by amplifying or not its amplitude and duration ( The main objective of seismic hazard analysis is to define reliable estimates of ground motion in a

given region to which buildings should withstand. The two main methods of seismic hazard estimations are Deterministic Seismic Hazard Assessment (DSHA) and Probabilistic Seismic Hazard Assessment (PSHA). DSHA often consider largest possible magnitude earthquakes at the nearest possible distance from the site of study within each seismic source zone. The most dangerous earthquake is then used to compute ground motion parameters. PSHA consider quantification of uncertainties in earthquake location, magnitude, recurrence time within each seismic source zone.

The main difference between the two approaches is that PSHA is providing hazard estimation for different specific return periods. Seismic hazard analysis is used in both seismic building codes and seismic risk analysis by providing common seismic indicators (e.g., peak ground acceleration, spectral acceleration and demand spectrum). Seismic hazard analysis provides site response spectra representing seismic loading with different exceedance probability for a given region (Figure I-2-A).

Regulatory response spectra are also accounting for site effects by using different soil classification based on soil stiffness (Figure I-2B). Such classification is very rough and does not account for the full complexity of seismic wave propagation and site effects, especially in sedimentary valleys. In 1D sedimentary geological deposits overlaying a more competent geological rock, seismic ground motion is amplified at the resonance frequencies of the soil that depend only on the average shearwave velocity in sediments and the sediments thickness, the amplification being mainly controlled by the impedance contrast between sediments and bedrock. The resulting site effect is called 1D site effects. In 2D sedimentary valleys, seismic ground motion is prone to complex interference of body and diffracted surface waves at the valley edge that are trapped inside the sedimentary valleys. The resulting seismic ground motion most often exhibit under-or over-amplification of ground motion depending on the location in the valley and larger amplification compared to 1D site effects. These effects are called 2D site effects.

The sedimentary valleys, mainly flat and easy to live, are historically human settlements for centuries (e.g. Los Angeles, Grenoble, Tokyo, Mexico City and Tehran). Therefore, accounting for the complexity of the site effects in seismic hazard analysis and consequently seismic building regulation is one of the challenges of future studies in this field. Another critical point for seismic risk analysis is the seismic vulnerability assessment of buildings.

Buildings with no earthquake-resistant system have been prone to large causalities during past (Manafpour,2008).

THESIS OUTLINE

Salameh (2016) proposed a large-scale damage assessment method that can predict the building damages taking into account, through a simple way, the spectral contents of the ground motion at sediments or outcropping rock and the buildings dynamic behavior, simultaneously. This novel approach for predicting building damages on soil was based on sediments being composed of a stack of horizontal sedimentary layers overlaying a more competent and, therefore, adapted to account for 1D site effects in building damages distribution.

The main objective of this thesis is to quantify and understand the impact of 2D site effects compared to 1D site effects on building damages distribution and its related spatial variation throughout the 2D valleys. To achieve this goal, we followed a numerical approach by using surface ground motion synthetics -computed during the EU NERA project for a large variety of 2D valleys in terms of geometry and mechanical properties -that were then injected in a series of buildings of various typologies to compute building damages.

After a general introduction in Chapter 2 on 1D and multidimensional (2D, 3D) site effects and on building damage estimation methods including the novel approach of [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF], Chapter 3

focuses on the constitution of a large numerical database containing the input ground motion characteristics, the mechanical and geometrical properties of various 1D and 2D valleys, and the damages of buildings of different typologies located at various locations over the valleys.

From this database, Chapter 4 focuses on identifying the most relevant indicators that control the difference of damages between sites located on sediments and outcropping rock and the difference of damages at sites located in 2D and 1D sedimentary valleys. Only those set of most relevant indicators are then considered to explore the origin and physical mechanisms that control the various differences of damages as well as their spatial variation inside the valleys. The parametrical study is performed on symmetric 2D valleys and one building typology. However, comparison of the difference of damages for symmetric and asymmetric valleys is addressed as well as the sensitivity of the different building typologies on the distribution of difference of damages between 2D and 1D sedimentary sites at the end of the chapter.

Chapter 5 deals with in-situ dynamic characterization of the main building typologies in Tehran city (Reinforced Concrete and Steel buildings) which is a city located in a deep valley known to be prone to large 2D or 3D site effects. Assessing building typologies and related dynamical parameters is a first step to envision evaluating the impact of 2D or 3D site effects on building damages distribution in Tehran. As a case study, the measured building dynamical properties are discussed in front of the Iranian seismic code and other building period laws coming from various countries. Finally, the possibility to include, in the experimental formula predicting building periods, the horizontal building sizes is explored by using more than 1000 surveyed buildings coming from 5 different countries.

Chapter 6 (conclusions and perspectives) summarizes the results obtained in the previous chapters, outlines the limitations the approach developed in the thesis and proposes future perspectives in terms of both research development and application.

II. FROM SITE EFFECTS TO BUILDING DAMAGES 1 INTRODUCTION

Recorded motion at a given site strongly depends on the site condition, topography or lithology of the surface layers. These layers most often produce substantial ground motion modifications: amplification or de-amplification of surface ground motion, seismic duration lengthening (will be described later). Modification of ground motion by surface geology is called "site effect." Usually, we distinguish different site effects types, related to:

1-The presence of a pronounced topography (e.g., hills),

2-

The lithological site effects associated with the company of softer geological material overlaying more competent geological rocks (e.g., sedimentary valleys) and 3-The induced site effects (e.g., liquefaction).

Almost all of the major past destructive earthquakes have outlined the role of the site effects the distribution of damages, e.g., Peru in 1966 [START_REF] Lee | Effect of soil conditions on damage in the Peru earthquake of October 17, 1966[END_REF]), Michoacan in 1985[START_REF] Chávez-García | Site effects in Mexico City eight years after the September 1985 Michoacan earthquakes[END_REF], California in 1987 [START_REF] Kawase | Topography effect at the critical SV-wave incidence: Possible explanation of damage pattern by the Whittier Narrows, California, earthquake of 1 October 1987[END_REF]), Armenia in 1988(Yegian et al., 1994),

Loma Prieta in 1989 [START_REF] Chin | Simultaneous study of the source, path, and site effects on strong ground motion during the 1989 Loma Prieta earthquake: A preliminary result on pervasive nonlinear site effects[END_REF], Northridge in 1994 [START_REF] Spudich | Directional topographic site response at Tarzana observed in aftershocks of the 1994 Northridge, California, earthquake: Implications for mainshock motions[END_REF], Kobe in 1995 [START_REF] Fukushima | Characteristics of observed peak amplitude for strong ground motion from the 1995 Hyogoken Nanbu (Kobe) earthquake[END_REF], Athens in 1999 [START_REF] Gazetas | Topography and soil effects in the Ms 5.9 Parnitha (Athens) earthquakes: The case of Adámes[END_REF], Izmit in 1999 [START_REF] Bakir | Effects of basin edge on the distribution of damage in 1995 Dinar, Turkey earthquake[END_REF],

Haiti in 2010 [START_REF] Assimaki | Ground-motion observations at hotel Montana during the M 7.0 2010 Haiti earthquake: Topography or soil amplification[END_REF], Christchurch in [START_REF] Bradley | Ground motions observed in the Darfield and Christchurch earthquakes and the importance of local site response effects[END_REF], Mexico in 2017 [START_REF] Mayoral | Site effects in Mexico City basin: Past and present[END_REF]. In general, most building regulations and site hazard studies are based on simplified assumptions, such as considering site effect in the 1D domain. Some scientific community approaches try to address 2D or 3D site effects in which lateral heterogeneity is also considered. Therefore, one of the current chapter main objectives is to review site effect studies considering one and multidimensional studies. It is worth noting that other aspects of the site effects such as pronounced topography and induced site effect are out of the present study scope. Afterward, regular indicators which commonly have been used to identify site effect will be introduced. A review of the building vulnerability analyses is another objective of this chapter. Finally, the description of a novel method for predicting building damage will be the last part of this first chapter.

1D SITE EFFECTS

For a 1D visco-elastic homogeneous soft sediment layer overlaying a more competent visco-elastic bedrock, impinging P-and S-body waves are trapped inside the sediments. Due to interference between vertically reverberating body waves, this trapping effect is particularly efficient at some specific frequencies, called the resonance frequencies [START_REF] Kramer | Geotechnical earthquake engineering[END_REF]. For S-waves, the resonance frequencies are defined as follows:

f n = (2n + 1) V 𝑠 4H
, n = 0,1, . . . . . ∞ (Eq. II-1)

Where Vs and H are respectively the shear wave velocity and the thickness of the sediment layer, n is the resonance mode number, with n=0 being the fundamental frequency (f0). In practice, since sediments are most often composed of multiple layers with Vs varying in each layer, average Vs is generally used to estimate the resonance frequencies [START_REF] Dobry | Simplified Procedures for Estimating the Fundamental Period of a Soil Profile[END_REF]. The amplification of surface ground motion at the resonance frequencies, An, depends on the impedance contrast, C, between the sediment layer and the bedrock and the damping, 𝜉 1 , in the sediment layer (Figure II-1-1):

A n = C 1+(2n+1)0.5xpiCxξ 1 , n = 0,1, . . . . . ∞ (Eq. II-2)
The impedance contrast is defined as:

C = ρ 2 V S2 ρ 1 V S1 (Eq. II-3)
where VS1 and VS2 are the S-wave velocities in the sediment layer and bedrock, respectively, and ρ1

and ρ2 are the related density in the sediment layer and bedrock, respectively. 

MULTIDIMENSIONAL 2D/3D SITE RESPONSE

Sedimentary layers are laterally confined in the form of sedimentary filled valleys or basins, which modify more or less strongly the response of the site comparing to the 1D domain. The finite lateral confinement of surface layers leads to valley or basin edge generating diffracted surface waves that are horizontally trapped within the valley/basin in addition to body wave reverberation (Figure II-2.A).

These trapped surface waves lead to an increase in the amplification of ground motion over a wide frequency range at frequencies beyond the fundamental resonance frequency (Figure II-2.B) (e.g., [START_REF] Field | Spectral Amplification in a Sediment-Filled Valley Exhibiting Clear Basin-Edge-Induced Waves[END_REF][START_REF] Rovelli | Edge-Diffracted 1-Sec Surface Waves Observed in a Small-Size Intramountain Basin (Colfiorito, Central Italy)[END_REF]Lebrun et al., 1999;Cornou et al., 2003a[START_REF] Cornou | Contribution of dense array analysis to the identification and quantification of basin-edge-induced waves, part II: Application to Grenoble basin (French Alps)[END_REF]2003c;[START_REF] Di Giulio | Long-duration asynchronous ground motions in the Colfiorito plain, central Italy, observed on a two-dimensional dense array[END_REF][START_REF] Hartzell | Site Response, Shallow Shear-Wave Velocity, and Wave Propagation at the San Jose, California, Dense Seismic Array[END_REF][START_REF] Bindi | Site amplifications observed in the Gubbio basin, central Italy: Hints for lateral propagation effects[END_REF][START_REF] Michel | Assessment of site effects in alpine regions through systematic site characterization of seismic stations[END_REF]Maufroy et al., 2015;[START_REF] Theodoulidis | Basin effects on ground motion: The case of a high-resolution experiment in cephalonia (greece)[END_REF]. (Cornou & Bard, 2003).

Another impact in sedimentary valleys or basins is about duration lengthening of surface seismic ground motion (e.g., Lebrun et al., 1999;[START_REF] Beauval | Quantification of Frequency-Dependent Lengthening of Seismic Ground-Motion Duration due to Local Geology: Applications to the Volvi Area (Greece)[END_REF][START_REF] Smerzini | Comparison of 3D, 2D and 1D numerical approaches to predict long period earthquake ground motion in the Gubbio plain, Central Italy[END_REF][START_REF] Abraham | Basin-effects observed during the 2012 Emilia earthquake sequence in Northern Italy[END_REF][START_REF] Pilz | Basinedge generated Rayleigh waves in the almaty basin and corresponding consequences for ground motion amplification[END_REF]. [START_REF] Beauval | Quantification of Frequency-Dependent Lengthening of Seismic Ground-Motion Duration due to Local Geology: Applications to the Volvi Area (Greece)[END_REF] showed that the duration lengthening can reach up to 5 seconds in the center of the valley for specific frequency range in their case study . The duration lengthening of surface seismic ground motion can lead to higher structural loss due to increasing incident ground motion energy to buildings and also structural loss due to fatigue effect [START_REF] Chai | Incorporating low-cycle fatigue model into duration-dependent inelastic design spectra[END_REF]. [START_REF] Smerzini | Comparison of 3D, 2D and 1D numerical approaches to predict long period earthquake ground motion in the Gubbio plain, Central Italy[END_REF] showed that the 1D simulated site effect is very far from real site amplification.

They showed that the 3D simulated site amplification is much closer to the observations compared to 2D and 1D site amplification prediction in their case study in Gubbio narrow valley (Figure II-4).

However, [START_REF] Makra | Site effects in 3D basins using 1D and 2D models: an evaluation of the differences based on simulations of the seismic response of Euroseistest[END_REF] showed that the 2D and 3D simulated response are relatively similar in their case study. [START_REF] Beauval | Quantification of Frequency-Dependent Lengthening of Seismic Ground-Motion Duration due to Local Geology: Applications to the Volvi Area (Greece)[END_REF]. [START_REF] Smerzini | Comparison of 3D, 2D and 1D numerical approaches to predict long period earthquake ground motion in the Gubbio plain, Central Italy[END_REF].

2D/3D RESONANCE

When sedimentary valleys are very incised, i.e., when the sediments thickness has at least the same order of magnitude as the valley width, the interference between surface waves diffracted at the valley edges and laterally propagating inside the valley leads to the formation of standing waves. Therefore, a 2D global resonance can be observed with displacements on the horizontal components perpendicular and parallel to the valley axis in phase whatever the position along a profile perpendicular to the valley axis. The amplitude of the seismic displacement for the fundamental mode of resonance is maximum in the valley center and vanishing at the valley edges. Displacement on the vertical component is vanishing at the edges and the center of the valley, and the displacements are out of phase on either side of the valley axis. The resonance modes are composed of the SV wave resonance mode (characterized by a particle movement on the vertical and the horizontal component perpendicular to the valley axis) and the SH wave resonance mode (characterized by a particle movement on the horizontal component parallel to the valley axis). [START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] proposed, for sinusoidal valley geometries, the following formulas to evaluate the resonance frequencies of the SH and SV modes, that depends not only on velocity of the S-waves in the sediment and the thickness of the valley but also on the width of the valley:

f 02d SH = V s 4h √ 1 + ( 2h l ) 2
(Eq. II-4)

𝑓 02𝑑 𝑆𝑉 = 𝑉 𝑠 4ℎ √ 1 + ( 2.9ℎ 𝑙 ) 2 (Eq. II-5)
Where l is the half-width of the valley. These simple formulas indicate that in the case of 2D global resonance, the 2D fundamental resonance frequency will be systematically larger than the 1D fundamental frequency. Global resonance modes in 2D valleys have been observed on earthquakes by (King & Tucker, 1984;Tucker & King, 1984;[START_REF] Paolucci | 3D Response analysis of an instrumented hill at Matsuzaki, Japan, by a spectral method[END_REF][START_REF] Paolucci | Comment on "3D Site Effects: A Thorough Analysis of a High-Quality Dataset[END_REF][START_REF] Roten | Two-dimensional resonances in Alpine valleys identified from ambient vibration wavefields[END_REF][START_REF] Roten | A combined inversion of Rayleigh wave dispersion and 2-D resonance frequencies[END_REF]. However, most of the studies focused on the observations of global resonance in deep alpine valleys from microtremor measurements [START_REF] Ermert | Fundamental and higher two-dimensional resonance modes of an Alpine valley[END_REF][START_REF] Le Roux | 1-D and 2-D resonances in an Alpine valley identified from ambient noise measurements and 3-D modelling[END_REF][START_REF] Poggi | Modal analysis of 2-D sedimentary basin from frequency domain decomposition of ambient vibration array recordings[END_REF][START_REF] Roten | A combined inversion of Rayleigh wave dispersion and 2-D resonance frequencies[END_REF][START_REF] Steimen | Identifying 2D resonance in microtremor wave fields[END_REF]. For SH waves, [START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] recommended a criterion to separate valleys with global resonance from valleys with surface waves lateral propagation in addition to vertical reverberation of body waves:

𝐻 𝑊 . √𝐶 -1 = 0.65 (Eq. II-6)
where H is the depth of the valley, W the width of the valley, and C is the impedance contrast, and the H/W ratio is called "shape ratio". They stated that in sine-shape valleys with Later, [START_REF] Michel | Assessment of site effects in alpine regions through systematic site characterization of seismic stations[END_REF] showed that this criterion is usable for all geometrical shapes of valley considering the W parameter as half-width of the valley where the sediment thickness is greater than half of its maximum value, and they validated the "shape ratio" criterion on 14 real sites in Alpine valleys (Figure II-5-B). More recently, [START_REF] Zhu | Inherent Characteristics of 2D Alluvial Formations Subjected to In-Plane Motion[END_REF] proposed a constant value of 1.15 and 0.45 instead of 0.65, as in [START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] for incident P-waves and SV-waves, respectively. [START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] and (B) the validity test on 14 Alpine valleys (squares with uncertainty intervals, [START_REF] Michel | Assessment of site effects in alpine regions through systematic site characterization of seismic stations[END_REF]. Site classification:2D (black), unclear (dark gray), and 1D (light gray).

Regarding ground motion amplification, [START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] showed that the ratio between the 2D amplification and the 1D amplification increases as the shape ratio increases, especially at the center of the valley. [START_REF] Paolucci | 3D Response analysis of an instrumented hill at Matsuzaki, Japan, by a spectral method[END_REF] has generalized the estimation of global resonance frequency by using Rayleigh method for 2D and 3D homogeneous valleys of cylindrical and cosine shape. Later, [START_REF] Meza-Fajardo | Seismic wave amplification in 3d alluvial basins: aggravation factors from fast multipole bem simulations[END_REF] proposed a formula to relate the 3D resonance frequency to the 1D resonance frequency at the center of the basin with elliptical, cosine, or ellipsoid shape (Figure

II-6-A): 𝑓 03𝑑 = 𝑓 01𝑑 (1+ 𝐻 𝑊 -1.24 ) (Eq. II-7)
Where H and W are, respectively, the height and width of the valley, and f01dis the 1D resonance frequency at the center of the basin (i.e., at a location with a sediment depth of H). They also predicted the 3D/1D amplification ratio, which can reach up to a factor of 4 for the largest shape ratios (Figure Where W and H are, respectively, the width and the maximum depth of the valley, and 2a and 2b are the dimensions of the horizontal part of the trapezoidal basin at its top and bottom, respectively [START_REF] Kumar | Quantification of Fundamental Frequencies of 3D Basins and Structures and Site-City Interaction Effects on Responses of Structures[END_REF].

(Figure II-7).

SITE EFFECTS INDICATORS

Several indicators or proxies can account for site effects in seismic hazard analysis or specific studies at the valley scale. I will provide an overview of the most used indicators, some of them being used in the following chapters. The mentioned indicators are mainly divided into two categories:

1-Scalar indicators and, 2-Frequency-dependent indicators.

It is worth noting that these indicators mostly represent 1D assumption. Moreover, they can be used alone or together to better represent the site behavior.

Scalar indicators

The indicators with just one scalar value are the two different time-averaged shear wave velocities (Vs30 and Vs10) and the fundamental frequency (f0) of the site presented in the next parts.

Vs30 and Vs10

Seismic hazard analysis and seismic codes (e.g., EC8, 2004; UBC97, 1997) usually use time-averaged shear wave velocity over the first 30 meters (VS30) as a local site response proxy, which has been first

proposed by [START_REF] Borcherdt | Estimates of Site-Dependent Response Spectra for Design (Methodology and Justification)[END_REF]. Current seismic codes usually classify subsurface sites by different VS30 values (Table II-1) and propose different response spectra based on the classification. The Vs30 can be measured by using invasive (cross-hole, downhole, etc.) or non-invasive (surface waves) methods (see [START_REF] Garofalo | InterPACIFIC project: Comparison of invasive and non-invasive methods for seismic site characterization. Part I: Intra-comparison of surface wave methods[END_REF] for a comparison of these different methods) or derived from geotechnical information (e.g., Ismet [START_REF] Ismet Kanli | Vs30 mapping and soil classification for seismic site effect evaluation in Dinar region, SW Turkey[END_REF][START_REF] Lodi | Predictive Relationship for Estimation of Vs30 Using Shallow Bore Logs for Karachi[END_REF]. Moreover, [START_REF] Boore | Estimating Vs30 (or NEHRP Site Classes) from Shallow Velocity Models (Depths 30 m)[END_REF] proposed for the California region an equation to derive Vs30 from time-averaged Vs obtained at a depth lower than 30 m where the velocity profiles do not extend to 30 m. These equations were then validated or calibrated in other regions of the world (e.g., [START_REF] Boore | Regional correlations of V s30 and velocities averaged over depths less than and greater than 30 meters[END_REF][START_REF] Cadet | A Shear wave velocity study based on the kik-net borehole data: A short note[END_REF][START_REF] Kanno | A new attenuation relation for strong ground motion in Japan based on recorded data[END_REF]. 2004) and UBC97 (1997).

Resonance frequency (f0)

The resonance frequency is one of the direct indicators of site response. Resonance frequencies are usually measured using the H/V method applied on seismic noise or earthquakes. The H/V method consists of computing the ratio between the Fourier amplitude spectra of the seismic noise or earthquake horizontal and vertical components. In the case of 2D valleys, significant differences of resonance frequencies can be observed depending on the horizontal component direction, parallel or perpendicular to the largest slope of the interface between sediments and bedrock. Such differences can be related to global resonance (e.g., [START_REF] Ermert | Fundamental and higher two-dimensional resonance modes of an Alpine valley[END_REF][START_REF] Roten | Two-dimensional resonances in Alpine valleys identified from ambient vibration wavefields[END_REF] or to complex wave propagation close to the valley edge (e.g., [START_REF] Matsushima | The effect of lateral heterogeneity on horizontal-to-vertical spectral ratio of microtremors inferred from observation and synthetics[END_REF]Uebayashi, 2003).

Frequency-dependent indicators

The indicators presenting site response over a frequency range are called frequency-dependent indicators. The two most used ones (H/V and SSR curves) are presented in the next parts.

H/V curve

In the 1D structure cases, H/V computed from seismic noise or earthquake generally exhibits a peak at the site fundamental resonance frequency (Lermo and Chavez-Garcia, 1993;[START_REF] Bard | Microtremor measurements: a tool for site effect estimation[END_REF][START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: State of the art[END_REF]. In the case of 2D valleys, H/V curves can exhibit a plateau-like shape of low amplitude at a site located above strong lateral variation such as valley edge (Figure reported by several authors (e.g., [START_REF] Bonnefoy-Claudet | Site effect evaluation in the basin of Santiago de Chile using ambient noise measurements[END_REF][START_REF] Guillier | Simulation of seismic ambient vibrations: does the H/V provide quantitative information in 2D-3D structure[END_REF][START_REF] Le Roux | 1-D and 2-D resonances in an Alpine valley identified from ambient noise measurements and 3-D modelling[END_REF][START_REF] Salloum | The shear wave velocity structure of the heterogeneous alluvial plain of Beirut (Lebanon): Combined analysis of geophysical and geotechnical data[END_REF]Uebayashi, 2003).

Figure Picking of the H/V curves: (A) simple H/V peak; (B) in case of "plateau-like" H/V curve shape, the H/V peak frequency is defined at frequency cut-off of the plateau [START_REF] Guillier | Simulation of seismic ambient vibrations: does the H/V provide quantitative information in 2D-3D structure[END_REF].

SSR curve

The Standard Spectral Ratio (SSR) consists of computing the ratio between the Fourier amplitude spectra of the horizontal (or vertical) components recorded at the sediment site and the outcropping bedrock. This method provides the experimental transfer function of the site (E. [START_REF] Haghshenas | Empirical evaluation of microtremor H/V spectral ratio[END_REF]. In case of 2D valleys, experimental site transfer function often exhibits larger amplification over a wider range of frequencies compared to the 1D case among others (e.g., [START_REF] Frankel | Dense array recordings in the San Bernardino Valley of Landers-Big Bear aftershocks : basin surface waves, Moho reflections, and three-dimensional simulations[END_REF][START_REF] Field | Spectral Amplification in a Sediment-Filled Valley Exhibiting Clear Basin-Edge-Induced Waves[END_REF][START_REF] Bindi | Site amplifications observed in the Gubbio basin, central Italy: Hints for lateral propagation effects[END_REF]Theodoulidis et al., 2018) (Figure II-9).

Figure . Two examples of spectral ratios obtained by three methods: SSR (black), H/V from the earthquake, and H/V from ambient vibration: "Rov1" site in Colfiorito (left) with mainly 1D behavior and "Han" site in Ebron (right) with 2D behavior displaying a "plateau like" shape, i.e., a peak over a broader frequency range [START_REF] Haghshenas | Empirical evaluation of microtremor H/V spectral ratio[END_REF].

FROM 1D TO 2D SITE EFFECTS: AGGRAVATION FACTORS

Many numerical studies describe the multidimensional effect using an Aggravation factor (AG) to bridge between 1D and 2D-3D site responses. The main purpose of these studies is to better account for 2D/3D site effects in seismic regulations. [START_REF] Chávez-García | Complex site effects and building codes: Making the leap[END_REF] firstly proposed that AG most often refers to the ratio of spectral accelerations between ground motions observed in 2D and 1D geological structures. [START_REF] Makra | Basin Effects in Seismic Design: Efficiency of Numerical Tools in Reproducing Complex Seismic Wavefields[END_REF] showed that mentioned AG factor is more positively significant around fundamental frequency of the soil and in the center of the valley.

Moreover, other authors have also proposed AG by using PGA, Amplification, Arias intensity, etc.

Some of the approaches have suggested applying constant AG to the whole valley [START_REF] Vessia | A new proposal for the evaluation of the amplification coefficient due to valley effects in the simplified local seismic response analyses[END_REF], while others propose to use specific AG for different regions of the valley (e.g., [START_REF] Riga | Aggravation factors for seismic response of sedimentary basins: A code-oriented parametric study[END_REF][START_REF] Stambouli | 2D/1D aggravation factors: from a comprehensive study to estimation with a neural network model[END_REF]. [START_REF] Riga | Aggravation factors for seismic response of sedimentary basins: A code-oriented parametric study[END_REF] showed that the AG is strongly dependent on the H/W shape ratio of the valley, maximum AG occurring close to the center of the valley. They also found a de-amplification with AG<1 on the edge of the valley. [START_REF] Stambouli | 2D/1D aggravation factors: from a comprehensive study to estimation with a neural network model[END_REF] showed that increasing impedance contrast would lead to higher AG due to higher lateral surface wave trapping efficiency. Zhu,et al. (2018a) defined effective distance from the edge of the valley in which the 2D effect can occur:

L = 5H 800 + 200 (Eq. II-11)
where H800 is equal to engineering bedrock depth (depth with S-wave velocity exceeding 800 m/s).

They divided valleys into narrow and broad valleys in function of their total width. The valley is called broad if the valley width is more than the sum of the effective length (L) of each edge of the valley. On the contrary, in narrow valleys, the valley total width is less than sum of the effective length (L) of each edge of the valley, and then global 2D resonance is expected. Later [START_REF] Zhu | Can Basin Effects Be Accounted for Using a Single Aggravation Factor in Irregular-shaped Alpine Valleys? 16[END_REF] proposed a "Near Edge Region" for shallow valleys (Figure . "Near Edge Region" refers to the region just after "Edge Region" with a length of E:

𝐸 = 𝐻. 𝑡𝑎𝑛(𝛼 -𝜃 2 ) (Eq. II-12)
where H is the height of the valley, α is the slope angle, and 𝜃2 is the refracted angle and calculated from the following formula:

𝑠𝑖𝑛𝜃 2 = 𝐶. 𝑠𝑖𝑛𝛼 (Eq. II-13)
where C is the impedance contrast. Finally, it is observed a 2D impact on ground motion on the "Edge region" and "Near edge region" and over the whole valley when there is an overlap of these regions from both sides of the valley. [START_REF] Stambouli | 2D/1D aggravation factors: from a comprehensive study to estimation with a neural network model[END_REF] indicated that steep edge slopes cause a more massive effect on the ground motion over the edge region, while gentle slopes have a significant long-distance impact on the ground motion because of the energetic surface-waves diffraction effect.

SUMMARY OF THE VALLEY EFFECT

Main characteristics of the site effects in 2D valleys can be summarized as follow: (i) broad frequency range of amplification, (ii) longer duration of seismic motion, (iii) amplification depending on the shape ratio of the valley and site location within the valley.

These effects mainly refer to entrapment and reverberation of seismic waves in sedimentary deposits due to the 2D-3D structure of the valleys, as described previously. Despite many studies over the last years about the 2D valley effects and related AG, these effects have not yet been incorporated in code provisions, and consequently designed buildings are not always adapted/designed for 2D/3D site effects.

In the next section, a review of building vulnerability analysis will be done considering different damage estimation methods for various building typologies.

BUILDING VULNERABILITY ANALYSIS

The definition of a building seismic vulnerability is based on its susceptibility to damage due to a specific seismic solicitation of a given intensity. Vulnerability assessment is mainly done for a group of buildings with the same structural design and component (typology), assuming the same behavior for all the buildings inside a defined typology (which is not always the case in reality). Hazus [START_REF] Fema | HAZUS[END_REF] implemented by the Federal Emergency Management Agency in the USA and Risk-UE European project recommendations [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF], adapted to building characteristics in Europe, are considered as the two most used damage assessment methodologies.

This methodology is composed of the following steps:

-Classification of building typology as a function of construction material and seismic design;

-Proposition of a capacity curve for each building typology; -Damage states definition;

-and finally, evaluation of damage for a given earthquake demand spectra.

In the next parts, we will describe each step in more detail.

Building typology

One of the primary steps in damage assessment is to classify buildings with similar structural systems and construction materials. [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] proposed seven different masonry building types (M1 to M7) and three main Reinforced Concrete (RC) building types: RC1, RC2, and RC3 (Table II-2). RC buildings then include four sub-categories as a function of their design system levels. Non-designed RC refers to RC buildings that have been constructed without any resistant earthquake structural design and three sub-categories for different ductility classes based on their inelastic aseismic design level, according to EC8 Each building type is then divided into four sub-categories as a function of their seismic design zone (UBC85, 1985) : Low-Code (zone 1), Moderate-code (zone 2B), High-Code (zone 4), and Pre-Code, which refers to no seismically designed buildings.

BUILDING TYPE DESCRIPTION M1

Rubble stone

M2

Adobe (earth bricks)

M3

Simple stone

M4

Massive stone

M5

U masonry (old bricks)

M6

U masonry RC floors

M7

Reinforced/confined masonry

RC1

Concrete moment frame

RC2

Concrete shear-walls

RC3

Concrete dual system

Table II-2. Description of building typology according to [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF].

BUILDING TYPE DESCRIPTION W1

Wooden (Light frame)

W2

Wooden (Commercial and Industrial)

S1

Steel moment frame

S2

Steel braced frame

S3

Steel light frame

S4

Steel frame with RC shear-wall

S5

Steel frame with masonry infill

C1

Concrete moment frame

C2

Concrete shear wall

C3

Concrete frame with masonry infill

PC1

Precast concrete tilt-up walls

PC2

Precast concrete with shear wall

RM1

Reinforced masonry bearing walls with wood or metal diaphragm

RM2

Reinforced masonry bearing walls with precast concrete diaphragm URM Un-reinforced masonry bearing walls

MH

Mobile homes

Table II-3. Description of building typology according to Hazus [START_REF] Fema | HAZUS[END_REF].

Both Hazus [START_REF] Fema | HAZUS[END_REF] and [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] studies provide building characteristics of each type for three height levels: low-rise, mid-rise, and high-rise, corresponding in [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] respectively to heights of 10.5, 17.5, and 28 meters when in Hazus [START_REF] Fema | HAZUS[END_REF] the heights are 20, 50 and 150 feet (i.e., 6, 15 and 46 meters) for low-rise, mid-rise and high-rise buildings respectively for RC and masonry building types. However, the height of SF buildings in Hazus is 24, 60, and 156 feet (7.3, 18.3, and 47.5 meters respectively) for low-rise, midrise, and high-rise buildings. The significant difference of typical height categories between Hazus (FEMA, 2003) and [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] is related to high-rise building (Table II-4). 

Height class

Capacity curve

The capacity curve (also called push-over curve) represents the displacement response of buildings modeled as a Single Degree Of Freedom (SDOF) system -to static lateral forces for their first mode 

Damage state

Building damage is primarily defined as a function of maximum displacement of a building (Dmax) assumed as an SDOF system where more displacement is correlated with more damages. For a given earthquake, the mentioned maximum displacement is accessible by finding the intersection of the building capacity curve and the earthquake demand spectra (from seismic hazard analysis).

Mentioned intersection is called performance point used to evaluate damage (Figure .

Figure II-13 Estimation of maximum displacement of a building under 5% damped earthquake demand spectra.

Two methods for damage evaluation are considered in this study: the direct damage limit state and the probabilistic damage estimation. In the next parts, I will describe both methods in more detail.

Direct damage limit state

According to [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] for Risk-UE analysis, the damage suffered by a building is defined as a function of damage limit states Sd,k (k=0:4), which are directly identified from position of performance point on the capacity curve. Damage threshold Sd is then assumed as:

-D0 (no damage): For Dmax<0. However, the mentioned threshold describes the damage as five discrete values: 0, 1, 2, 3, or 4, while, in reality, the maximum displacement at the top of the building is a continuous parameter (Figure .

Figure II-14. Description of damage threshold according to [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] for Risk-UE analysis.

Probabilistic damage estimation

Another possible damage estimation method is to use log-normal fragility curves of specific building typology [START_REF] Fema | HAZUS[END_REF][START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. Fragility curves relate the probability of exceeding a certain damage state to the building maximum spectral displacement at the performance point. The conditional exceedance probability of a particular damage state is defined as:

𝑃[𝑑𝑠 ∨ 𝑆 𝑑 ] = 𝜑 [ 1 𝛽 𝑑𝑠 𝑙𝑛 ( 𝑆 𝑑 𝑆 𝑑,𝑑𝑠 )] (Eq. II-14)
where ds is the damage state, Sd,ds is the median value of spectral displacement at which the building reaches the threshold of damage state ds. β is the standard deviation of the natural logarithm of spectral displacement for damage state ds, and φ is the standard normal cumulative distribution function . Median spectral displacement value for each damage state (Sd,ds) and total variability (β) are developed for each building typology through Hazus [START_REF] Fema | HAZUS[END_REF]. According to [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF], β can be extracted from the following formula:

𝛽 = 0.4𝑙𝑛(𝜇)
for k=1 to 4 (Eq. II-15)

where k corresponds to different damage states (k=1: slight damage, k=2: moderate damage, k=3:

extensive damage, and k=4: complete damage) and μ is the ratio between du and dy called ductility factor. These factors refer to the ability of a material to deform in the plastic domain without rupturing.

Figure Example of fragility curves (for a defined building category) for different damage states.

BUILDING DAMAGE PREDICTION METHOD ACCOUNTING FOR SOIL AND BUILDING RESONANCE FREQUENCIES

As mentioned in the previous sections, surface ground motion in sedimentary valleys can be amplified, especially at the soil resonance frequency. Such larger surface ground motion at specific frequencies will cause larger buildings top displacement, and then damages, as clearly observed during the Mexico earthquake in 1985 [START_REF] Beck | Factors contributing to the catastrophe in Mexico City during the earthquake of September 19, 1985[END_REF][START_REF] Mayoral | Site effects in Mexico City basin: Past and present[END_REF]. To account for the spectral coincidence of resonance frequency of soils and buildings in damage prediction, Salameh

(2016) has developed a method, through extensive numerical modeling and use of a neural network, to predict damages at urban scale for buildings located in 1D sedimentary structures. This methodology is detailed below.

Damage calculation

The method developed by Salameh ( 2016) is based on extensive numerical simulations of damages for a set of various buildings located on different 1D soil profiles. Sixty realistic synthetic accelerograms generated with a code by [START_REF] Sabetta | Estimation of response spectra and simulation of nonstationary earthquake ground motions[END_REF] are used as input motion on the bedrock level. These accelerograms cover different earthquakes scenarios in terms of magnitude (from 3 to 7) and epicenter distances (from 10 to 100 km), leading to a wide range of PGA (from 0.022 to 8.6 m/s2) at outcropping bedrock. Surface ground motion is then obtained by convolving the given input seismic motion at outcropping bedrock and the soil 1D profiles impulse response.

Calculation of dynamical building response (Figure to input surface ground motion has been done by solving the following equation using Newmark method assuming building as SDOF oscillator:

𝑚𝑥̈+ 𝑐𝑥̇+ 𝑘𝑥 = -𝑚𝑥 𝑔 ̈ (Eq. II-16)
where m, c, and k are mass (kg), damping coefficient (N.s/m), and stiffness (N/m), respectively.

𝑥 ̈, 𝑥̇ and 𝑥 are oscillator internal acceleration (m/s 2 ), velocity (m/s) and displacement (m) respectively, in addition to x g ̈ as input ground motion acceleration. In Figure , an example of displacement (top of the building) time series coming from different ground motion levels input (0.64, 1.78, and 3.35 m/s 2 ) for the same building (from , the difference between initial and final displacement for different input ground acceleration (PGA) of 0.64, 1.78, and 3.35 m/s 2 refers to inelastic permanent deformation due to input acceleration greater than the yield capacity level. [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF] modified the discrete evaluation of direct damage state limit (Section 8.3.1) initially proposed by [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] to a continuous series from 0 to 4 by interpolating maximum displacement of building as a function of defined damage limit state (Figure . Damage Index (DI) is thus defined as:

➢ DI ranges [0-1[ if:
Dmax≤0.7dy, then DI=Dmax/(0.7dy);

➢ DI ranges [1-2[ if: 0.7dy<Dmax≤1.5dy, then DI=1+(Dmax-0.7dy)/(0.8dy); ➢ DI ranges [2-3[ if: 1.5dy<Dmax≤0.5 (dy+du), then DI=2+(Dmax-1.5dy)/[0.5(dy+du)-1.5dy]; ➢ DI ranges [3-4[ if: 0.5 (dy+du)<Dmax≤du, then DI=3+[ Dmax-0.5(dy+du)]/[du-0.5(du-dy)]; ➢ DI=4 if: Dmax≥du.
Figure Capacity curve and the corresponding discrete Damage Index from Largomarsino and Giovinazzi (2006), the corresponding displacement thresholds, and the continuous Damage Index (D.I.) defined by [START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF].

Parametrical study

The next step in the Salameh (2016) approach was to determine the role of different parameters (PGA, impedance contrast C, and the ratio between the fundamental building frequency and the soil frequency: fstruct/fsoil, etc.) to explain the final damage index (DI). To reach this goal, Salameh, (2016) built a database with relevant inputs and outputs by combination:

-60 synthetic earthquakes from [START_REF] Sabetta | Estimation of response spectra and simulation of nonstationary earthquake ground motions[END_REF] from which the PGA on rocks are extracted;

-887 realistic soil profiles composed of 614 soil profiles from Kik-net (Kiban-Kyoshin Network)

database in Japan, 251 soil profiles in California from Boore, ( 2004), and 22 European sites from NERIES [START_REF] Di Giulio | Long-duration asynchronous ground motions in the Colfiorito plain, central Italy, observed on a two-dimensional dense array[END_REF]. The fundamental soil frequency (fsoil) and the impedance contrast were extracted from the soil profiles. Combining 60 input ground motion and 887 soil profiles lead to the computation of 53220 surface ground motion times series and PGA at the soil profile surface;

-141 building characteristics grouped in 5 typologies have been used: Masonry (51 buildings), Nonseismic designed RC (9 buildings), RC with Low (27 buildings), Medium (27 buildings), and High ductility class (27 buildings) from [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. The fundamental frequency (fstruct) of these 141 buildings is then evaluated, which leads to 125067 (i.e., 141x887) fstruct/fsoil ratio. The 53220 seismograms on soil are then used to compute 7504020 (53220x141) buildings displacement at the top of the buildings from which related damage index has been computed.

Due to the considerable amount of data or matrix size (≈7.5Mx4), [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF] has used an Artificial Neural Network (ANN) method where the output data (that we want to predict) are the differences of damage indexes between soil and rock. The input data (that we want to test the impact on the output damage increment) being the fstruct/fsoil ratio, the impedance contrast, and the PGA on the soil. The results are the following:

-It has been possible to assign quantitative importance to each input variables (linked to synaptic weights, Figure . The result leads to define the fstruct/fsoil ratio as the main parameter (≈50%) that explain the damage increment, followed by the PGA on the rock (≈30%) and finally the impedance contrast (≈20%);

-It has been possible to evaluate the performance of proxies (Vs30, Vs10, the amplitude of H/V peak A0HV, the ratio between Vs velocity in bedrock and Vs10 or Vs30 instead of the impedance contrast C

for the prediction of damage increment since impedance contrast is complicated to obtain in natural conditions. [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF] concluded that although the ratio Vb/VS30 is the best indicator, the amplitude (A0HV) of fundamental frequency in H/V measurement shows acceptable performance and can be used as a proxy instead of impedance contrast even if, in general, the A0HV should be used very carefully . Finally, [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF] found a simple mathematical relationship between the different input variables and the damage increment for each building typology. The relationship is useful for applying this methodology in valleys within only a few measurable data (fsoil, fstruct, A0HV, building typology). The application to Beirut city (Lebanon) will be displayed in next part. 

Application to the Beirut city (Lebanon)

The result of Salameh, ( 2016) can be used for risk analysis in regions that have buildings similar or very close to the buildings defined by [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF], i.e., mainly countries that follow European codes as seismic design regulation. The ANN output relationship between input variables and damage index for each building typology is applicable for any new dataset. Of course, at first it is needed some information on the fundamental frequency of building (f0b), the soil fundamental frequency (f01d), and the amplitude of the H/ peaks (A0HV). After characterizing the building resonance frequencies for various RC building heights and using the soil resonance frequency extracted from H/V measurements as well as the amplitude of the H/V fundamental frequency [START_REF] Brax | Towards a microzonation of the Greater Beirut area: an instrumental approach combining earthquake and ambient vibration recordings[END_REF], [START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF] derived some damage increment (difference of damages between soil and rock) maps for various outcropping rock PGAs (Figure . Since the method developed by them is based on a 1D soil structure, the multidimensional site effects in valleys were not addressed. In other words, the applicability of the approach is limited for regions assumed to have no multidimensional site effects but mainly 1D soil response behavior. 

III. DATABASE OF GROUND MOTION INDICATORS AND BUILDINGS DAMAGE

DISTRIBUTION IN 2D VALLEYS 1 INTRODUCTION

Understanding and prediction of the 2D site effects compared to 1D site effects on building damages are the main objectives of this thesis. Therefore, a numerical approach is planned to achieve these goals. To do this, creating a database containing the input ground motion characteristics, the mechanical and geometrical properties of various 2D valleys, and the damages of buildings with different typologies located at various locations over the valley is planned as the first step in this study. Mentioned database can help to study 2D site effects for building damage distribution compared to 1D site effects, which is not possible unless with an access to 1D and 2D site response at the same time. Thus, I have used, for 1D and 2D cases, the same input seismic solicitation, the same soil properties, and the same building typologies and locations on the different valleys defining In the next parts, the procedure to select proper data in each different step and finally to create a single database including different building damages, which have been computed considering 1D and 2D site response simultaneously, will be described in details.

INCIDENT GROUND MOTION

Sixty realistic synthetic accelerograms are used as input earthquakes at outcropping rock. These synthetic accelerograms, generated using the [START_REF] Sabetta | Estimation of response spectra and simulation of nonstationary earthquake ground motions[END_REF] method, are the same as those used in [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF]. These accelerograms cover a wide range of earthquake magnitude, from 3 to 7, and epicenter distances, from 10 km to 99 km. Two surface ground motion indicators are considered in this study: Peak Ground Acceleration (PGA)

and Arias Intensity (IA). PGA is the amplitude of the largest absolute acceleration, and IA is timeintegral of the square of the ground acceleration [START_REF] Arias | Measure of Earthquake Intensity[END_REF]. IA is used since it is more sensitive to The minimum PGAr and IAr are related to the earthquake with the lowest magnitude and the greatest epicenter distance (magnitude 3 at 99 km) when the maximum PGAr and IAr occur for the earthquake with maximum magnitude (magnitude 7) at the smaller epicenter distance (10 km). A variety of input motions from very weak to intense events can assess the impact of the 2D site effects on building damages. However, these indicators distribution shows that a considerable part (~50%) of the synthetic accelerograms correspond to weak motion with PGA less than 0.025g (Figure III-3A). The geometrical and elastic properties of the valleys and receiver location are described in the following sections.

VALLEYS DESCRIPTION

Geometry

The geometries of the valleys are described by the following parameters (Figure III-5):

• The thickness (H) corresponding to the main depth of the valley;

• The width (W);

• The receiver localization from the left edge of the valley (X);

• The bedrock depth at the vertical of the receiver (D);

• The angle of the slopes in the left and right side of the valley (A1 and A2, respectively);

• The length of the slope area (S);

• The shape ratios: H/W;

• and the narrowness ratio: S/W.

The valleys can have trapezoidal or triangular shapes depending on the slope angle and the depth of the valleys. Moreover, following the combination of slope angles, the valleys geometry can be either symmetric (same angles on both slopes) or asymmetric (different angles on both slopes). 

Thickness and width

The range of the maximum thickness (H) of the valleys varies from shallow (30 m) to rather deep valleys (1000 m) discretized in 6 different thickness: 30, 60, 120, 250, 500, and 1000 m, while the width of valleys (W) varies from narrow valleys (0.5 km) to broad valleys (20 km), also discretized in 6 widths: 0.5, 1, 2.5, 5, 10 and 20 km which leads to 36 combinations of H and W. However, only 27 combinations of H and W are considered in NERA models, excluding very thin but huge valleys and very thick but very narrow valleys (Table III-1).

H(m)

W(km) 0.5 1 2.5 5 10 20

30 √ √ √ - - - 60 √ √ √ √ - - 120 √ √ √ √ √ - 250 √ √ √ √ √ √ 500 - √ √ √ √ √ 1000 - - √ √ √ √ Table III-1.
Repartition of combinations of height (H) and width (W) of the NERA models.

Valley edges angles

Inside the NERA project, the slope angle varies from 10° to 65° for both left and right sides of the valleys with four different values (10°, 20°, 45° and 65°). However, only six different angle combinations have been finally used in NERA (Table III-2). From these six combinations, four correspond to symmetric valleys (A1=A2), and two correspond to asymmetric valleys. The slope angle of both sides can vary with four different values in symmetric valleys, while in asymmetric valleys, the left slope angle can be only 10° or 20° with fixed 65° as the right slope angle (A2=65°). Finally, it can be said that knowing only left slope angle (A1) is sufficient following the composition of the valley angles where A2 is equal to A1 in symmetric valleys and 65° in asymmetric valleys.

Slope/Angle A1 (°) A2 (°)

1

Slope region and narrowness of the valley

The area of the valley over the slope is called the slope region with the length S defined as:

𝑆 = 𝐻 𝑡𝑎𝑛(𝐴1) (Eq. III-1)
where H is the depth of the valley and A1 is the slope angle. The valley narrowness is then defined as the ratio between slope region length (S) and valley length (W). Larger is S/W narrower is the valley.

In symmetric valleys, the parameter S/W can reach 0.5, which is related to triangular valleys where there is no central part.

Geometrical Valleys selection

Combining the six different slope angles with the 27 combinations of H and W leads to a total number of valleys models equal to 162 (6x27), divided into 108 (4x27) symmetric and 54 (2x27) asymmetric models. However, I found that the valleys actual depth is not consistent with the depth indicated in the NERA database for some symmetric and asymmetric triangular valleys. For example, the valleys depth with W=1 km and A1=A2=10° is indicated to be 30, 60, 120, 250, and 500 m in NERA.

However, whatever the case, with these angles, the real depth of intersection between the two slopes from both sides of the valley occurs at 88.1 m. The consequence is that for 30 and 60 meters depth models, the geometry becomes trapezoidal ( The details of models with proposed/real depth conflict are listed below:

• For W=500 m and (A1=A2=10°), the two slopes are crossing at ≈ 50 m. Therefore, the NERA valleys with a depth of 60 m, 120 m, and 250 m have precisely the same geometry. One representative geometry is considered instead of the three geometries.

• For W=500 m and (A1=A2=20°), the two slopes are crossing at ≈ 90 m. Therefore, the NERA valleys with a depth of 120 m and 250 m have precisely the same geometry. One representative geometry is considered instead of the two geometries.

• For W=1000 m and (A1=A2=10°), the two slopes are crossing at ≈ 88 m. Therefore, the NERA valleys with a depth of 120 m, 250 m, and 500 m have precisely the same geometry. One representative geometry is considered instead of the three geometries.

• For W=1000 m and (A1=A2=20°), the two slopes are crossing at ≈ 182 m. Therefore, the NERA valleys with a depth of 250 m and 500 m have precisely the same geometry. One representative geometry is considered instead of two geometries.

• For W=1000 m and (A1=10° and A2=65°), the two slopes are crossing at ≈ 160 m. Therefore, the NERA valleys with a depth of 250 m and 500 m have precisely the same geometry. One representative geometry is considered instead of two geometries.

• For W=2500 m and (A1=A2=10°), the two slopes are crossing at ≈ 220 m. Therefore, the NERA valleys with a depth of 250 m, 500 m, and 1000 m have precisely the same geometry.

One representative geometry is considered instead of three geometries.

• For W=2500 m and (A1=A2=20°), the two slopes are crossing at ≈ 450 m. So, the depths of 500m and 1000 have the same geometry. One representative geometry is considered instead of the two mentioned geometries.

• For W=2500 and (A1=10° and A2=65°), the two slopes are crossing at ≈ 410 m. Therefore, the NERA valleys with a depth of 500 m and 1000 m have precisely the same geometry. One representative geometry is considered instead of two geometries.

• For W=5000 m and (A1=A2=10°), the two slopes are crossing at ≈ 450 m. Therefore, the NERA valleys with a depth of 500 m and 1000 m have precisely the same geometry. One representative geometry is considered instead of two geometries.

Finally, from the 54 asymmetric triangular models, only 51 remains, while for the symmetric triangular models, it remains 98 models over 108. At the end, the resulting 149 models can be divided into 15 models with triangular shapes and 134 with trapezoidal shapes.

Mechanical properties of the valleys

Aside from the valley's geometrical properties, the surface ground motion is also related to the soil dynamical characteristics. In this part, I will present the valley mechanical properties that are used as variables representing the site dynamical behavior. In the NERA project, six realistic Vs profiles covering soft to stiff sediments (Table III In Table III-3, VS0 is related to shear wave velocity at the surface, and VS1 is the velocity at 1 km depth.

The velocity at a given depth (z) is then calculated by: Vs(𝑧)=Vs 0 + (Vs 1 -Vs 0 ).√( 𝑧 1000

) (Eq. III-2)
Eq. III-2 is making VS velocity increasing in-depth in a power-law form (Figure III-7).

The bedrock is assumed to be homogeneous with a constant Vs of 1000 m/s. P-waves velocity (Vp) is equal to 1500 m/s in sediments and 2000 m/s in bedrock. The quality factor of S-waves, Qs, is calculated as below:

Qs(z)=Vs(z)/10 (Eq. III-3) as usually considered as a "rule of thumb" and the quality factor of P-waves, Qp, is calculating as below:

QP(z)=Min (2*QS(z), VP(z)/10) (Eq. III-4)

Density ρ in the bedrock is 2500 kg/m3 and in the sediment part, the density is calculating as below:

ρ (z)=1600+0.6 (VS(z) -100) (Eq. III-5) Finally, with 149 models computed with six different Vs profiles, it is reached a total of 876 distinct valley models for this study.

In order to account for the various elastic properties of the valley, I selected six parameters related to Vs profiles to be included in the database:

• Vs10 is the time-averaged S-wave velocity over the first 10 m;

• Vs30 is the time-averaged S-wave velocity over the first 30m;

• Vsm is the time-averaged S-wave velocity over bedrock, whatever the depth;

• Ct is the velocity contrast computed between VS at surface and VS in the bedrock;

• Cb is the bottom velocity contrast, i.e., the contrast between VS at the bottom of sediments and VS in the bedrock;

• Cm: It is the average velocity contrast, i.e., the contrast Vsm and VS in the bedrock It is worth noting that Vs10 and Vs30 are the only parameters that can be easily obtained with classical engineering surveys (i.e., invasive methods such as cross-holes or non-invasive using surface waves methods).

Site response location on the valley

For each model, in order to simulate site response, a certain number of receivers are distributed at the ground surface of the valley with specific inter-receiver distance based on the width of the valley:

• 101 receivers are considered for the valleys having widths equal to 0.5, 1, 2.5, and 5 km with a receiver spacing of 5, 10, 25, and 50 m, respectively;

• 201 receivers are considered for the valley with 10 km width, leading to 50 m receivers spacing;

• 401 receivers are considered for the valley of 20 km width with a 50 m spacing.

Moreover, ten additional receivers are located at the outcropping bedrock on both sides of the valleys.

In For the flat part of the valley bottom (no slope), the valleys have been divided into three zones of equal widths:

-FW and FE are left and right zones of the flat part of the valley, respectively. These zones exist for the trapezoidal valleys only and no for the triangular valleys;

-FC is the zone at the center of the valley. This zone exists only for the trapezoidal valleys, whatever the angles of the slopes.

Consequently, each receiver in the valley belongs to a defined zone. I consider each receiver location distance from the valley left edge (X) as one geometrical variable. I also define a normalized distance from the left edge (Xn) to compare surface ground motion at specific Xn whatever the valley width.

Therefore, Xn is defined between 0 to 7, with values ranging from 0 to 1 in W2 zone, from 1 to 2 for W1 zone, from 2 to 3 in FW zone, from 3 to 4 in FC zone, from 4 to 5 in FE zone, from 5 to 6 in E1 zone and from 6 to 7 in E2 zone.

The local depth D, i.e., at the vertical of the receiver, is equal to H only for receivers located in the FW, FC, and FE zones. The parameter (D) is also stored in our database. 

1D and 2D site responses

This section describes the procedure for deriving transfer function (TF) and related parameters (resonance frequencies and related amplification). Description of mentioned procedure will be illustrated using one receiver location in two specific valleys that have the same geometry in height (H=120 m) and slope angles (A1=A2=45°) and the same VS profile (Vs1, see 

Distribution of valley and site response indicators

For the description of the valley, various parameters have been defined and can be categorized into three categories:

1) indicators describing the soil below each receiver: Vs10, Vs30, and Vsm;

Page 2) indicators that can be used as a proxy for the soil amplification: Ct, Cb, and Cm;

3) indicators providing the frequencies at which maximal amplification is observed: f01d, A01d, fp2d, and Ap2d.

For the distribution of these parameters, all the data from all receivers are used. 

SURFACE GROUND MOTION INDICATORS

To compute the ground motion at each receiver, I multiply the SH complex transfer function with the Fourier spectra of the 60 synthetic earthquakes at outcropping bedrock and then get back to the time -the cross-validation of my approach with [START_REF] Salameh | Vibrations ambiantes, contenu spectral et dommages sismiques: nouvelle approche adaptée à l'échelle urbaine[END_REF] that has used the building typologies coming from Lagomarsino dataset;

-the use of steel-frame (SF) building typologies that exists only in the Hazus dataset.

Finally, 249 different buildings, that can be divided into 17 building classes, are used in this study to calculate their response to the generated input ground motion ( The parameters above are representative of a building and needed to calculate building response under dynamical loading. Therefore, they are stored in my database to represent the building characteristic.

It is worth noting that the value of Ay and Au are the same in the building classes W01 to W05 related to the Lagomarsino dataset. Constant value for acceleration after the elastic limit is due to simplifying assumptions that consider structural behavior as an ideal elastoplastic system. The range of Fb, Ay, Au, Dy, and Du are indicated in Table III-5. Higher is the ductility class higher are Ay, Au, Dy, and Du,

• Rbsa: Ratio between the amplitude of the site amplification (transfer function) at building fundamental frequency and fundamental soil frequency: Ab/A0. Note that both Ab and A0 are taken into account in 1D or 2D (A0 in 2D is named Ap2d) Rsbf and Rbsa are stored for 1D and 2D soils for all building-site response combinations, which leads to:

-Rsbf1d for the ratio between the 1D soil fundamental frequency (f01d) and the building fundamental frequency (fb); -Rsbf2d for the ratio between the 2D soil stronger (in amplitude) frequency (fp2d) and the building fundamental frequency (fb); 

Building response and damage index

Following the procedure described in section II.9.1, building responses in terms of maximum top displacement are computed for each building located on:

-bedrock, giving the maximum displacement for rock: Dsr;

-1D sediments, giving the maximum displacement for 1D cases: Dis1d and;

-2D sediments, giving the maximum displacement for 2D cases: Dis2d.

The non-permanent displacement in the building indicates that the building is deformed in the elastic domain ( Damage index, Di, is then calculated following the procedure explained in section II.9.1, in which Di is a continuous value between 0 and 4, controlled by the value of top displacement compared to yield displacement (Dy) and its ultimate displacement (Du) (Figure . For a given building excited by a given earthquake, I compute Dir1d (Di rock 1D) which corresponds to the damage index on outcropping rock. At sediment for the same building located at a given location (Xn) in a given valley, the damage index is defined as follows:

-Di1d corresponds to the damage index computed for the 1D sedimentary structure;

-Di2d corresponds to the damage index extracted for the 2D sedimentary structure. 1-An "Under damage" zone (Di2d<Di1d) near the valley edge in both valleys;

2-An "Over damage" zone (Di2d>Di1d) far from the valley edge in both valleys;

3-Significant "Over damage" (Di2d>Di1d) in the center of the narrow valley (M727) compared to the broad valley (M295). -Di1d-Dir1d, named DD1d, which represents the difference of damages for the building located on 1D soil and the same building located on rock;

-Di2d-Dir1d, names DD2d, which represents the difference of damages for the building located on 2D soil and the same building located on rock;

-Di2d-Di1d, named DD2d1d, which represents the difference of damages for the building located on 2D soil and the same building located on 1D soil.

These three indices, DD1d, DD2d, DD2d1d, are finally stored in the database. Finally, assembling all these different indicators provide the possibility to create a comprehensive database including considerable range and combination of different indicators in each category. The configuration of the whole database will be presented in the next part.

Distribution of damages

CONFIGURATION OF DATABASE

As described in the previous sections, for each sample of the database, different indicators are collected related to:

-earthquake or source characteristics: Pgar and IA;

-geometrical characteristic of the site: W, H, A1, H/W, S/W, X, Xn, D;

-stiffness properties of each site: Vs10, Vs30, Vsm, Ct, Cm, Cb;

-site responses in 1D and 2D: f01d, fp2d, A01d, Ap2d, Pgas1d, Pgas2d, AI1d, AI2d;

-dynamical buildings indicators: fb, Ay, Au, Dy, Du;

-building -site indicators: Rbsf1d, Ab1d, Rbsa1d, Rbsf2d, Ab2d, Rbsa2d, and finally;

-building damages: Ds1d, Ds2d, Dsr, Di1d, Di2d, Dir, DD1d, DD2d, DD2d1d.

The total number of different indicators is 36 (Table III-6). The maximum displacement and damage index of the buildings located on 1D and 2D soils and at outcropping rock and their differences are also stored (Table III-7). Finally, the cases are separated by different building classes for two valley categories: symmetric valleys and asymmetric valleys ( 

Building-Site characteristics

Rbsf1d

The ratio between building and soil frequency in the 1D domain Ab1d

The amplitude of the 1D TF at building frequency

Rbsa1d

The ratio between the amplitude of the 1D TF at building frequency (Ab1d) and maximum amplitude of 1D soil TF (A01d)

Rbsf2d

The ratio between building and soil frequency in the 2D domain Ab2d

The amplitude of the 2D TF at building frequency

Rbsa2d

The ratio between the amplitude of the 2D TF at building frequency (Ab2d) and maximum amplitude of 2D soil TF (A02d) 

FILTERING OUT SAMPLES FROM THE DATABASE

The methodology of creation of my database as well as its content are described in Chapter 2. Each sample corresponds a computed damage in 1D (Di1d), 2D (Di2d) and rock (Dir) for a specific building located at a given site in the valley excited by a given earthquake. Analysis of these samples first requires to select only those samples that allow unbiased statistics in terms of correlation between various indicators. Indeed, we have recognized the following issues related to the content of the database that need to be accounted for before any one-to-one statistical correlation between various indicators (e.g., difference of damages between 2D and 1D versus receiver location in the valley):

• The database contains a majority of damage indices less than 1 that correspond to buildings experiencing "no damage" as defined in [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. Although a gradation of Di between 0 and 1 does exist in our numerical approach, such a gradation is not possible to identify in the field.

• Buildings with Di=4 are completely destroyed [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. A building that collapses for a given seismic excitation will also collapse for any larger seismic excitation.

For such level of damage, it is not possible to derive any correlation between the seismic solicitation and the increase of damage.

• The total number of receivers within each zone is varying depending on the valley width.

Considering two valleys with the same depth H and the same slope angle, the number of receivers on the slope (zone W2 and/or W1) will be lower for the valley with the largest width compared to the valley with the smaller width. The number of receivers within the flat zone (FC and/or FW) can also be very different depending on the valley width, which can lead to bias estimates of difference of damages when doing statistics using receivers from all the valleys together.

In the following, I describe in details the filtering out procedure related to the aforementioned issues.

Selection of damage index (Di)

The database contains a very large number of damage indices less than 1 (more than 70% of Di1d and Di2d and more than 80% of Dir, Figure IV-1-A). Di less than 1.0 corresponds to buildings experiencing "no damage" as defined in [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. Although a gradation of Di between 0 and 1 does exist in our numerical approach, such a gradation is not possible to identify in the field.

Besides, making use of collapsed buildings (buildings with Di=4) is not relevant since the difference in damages (DD1d, DD2d and DD2d1d) will be totally or partially biased by this value of 4.

Therefore, we filtered out the database in order to keep only samples with Di on soil in the range [1-

4[: 1≤Di1d and Di2d<4

Note that this criterion is not applied on Dir since Dir<1 at outcropping rock might corresponds in some cases to Di1d and Di2d larger than 1, due to the amplification of surface ground motion in valleys.

Applying this criterion leads to the total disappearance of the Di=4 data whatever the Di (Figure IV-1-C). Interestingly, it remains a considerable part of the selected database with Dir<1 which means that these buildings with "no damage" on rock experience some damages in valleys with Di>1.

Furthermore, the distribution of PGA before ( 
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Selection of receivers

The number of receivers and receivers spacing (dx) depends on the valley width (see Chapter 2), the widest valleys exhibiting fewer receivers on the slope regions (W1, W2) while more in the central regions (FC, FW) compared to the narrowest valleys. In order to get a uniform sampling of receivers within each zone whatever the considered valley, 10 receivers are selected in each zone at Xn interval of 0.1±0.01, Xn being the normalized distance from the left edge (see Chapter 2). In case of wide valleys with large slope angle (e.g., 65 degrees) with less than 10 receivers available on the slope regions (W1, W2), we kept all receivers available on the slope regions. 

Configuration of database after samples filtering out

The mentioned filtering and selection described in last parts from the initial database lead to a significant reduction of the total number of samples in the database, with a reduction by about 86-93% of the initial number of samples depending on the building classes (Table IV 

IDENTIFICATION OF MOST RELEVANT SINGLE INDICATORS ON DAMAGE DIFFERENCES

In this section, I will try to identify the most relevant indicators on different DD using two complementary steps:

- It is worth noting that aforementioned categories also depend on valley zones. For instance, the A1 impact on slope regions (zones W2 and W1) are clear while its impact on central parts of the valley (zones FC and FW) is partial. 

Results of the visual inspection

Here, I will not present the visual inspection for the W05 building class (432 graphs) but only the more representative ones, at receivers located in the 4 valley zones (W2, W1, FW, FC). The outcome of the visual inspection will be presented for each category of indicators and the summary of the visual inspection will be summarized in a single table in order to sort indicators most sensitive to DDs at the end of this part. 

Summary of the visual inspection

The summary of the visual inspection related to building class W05 is presented in Table IV-2. Each colored cell is categorized as follows:

• Green: clear effect;

• Yellow: partial effect, i.e., from few to slight effects;

• Red: no obvious effect;

• Black: refers to the "not concerned" indicators for a given DD.

It 

Quantitative inspection

Mean and standard deviation will be presented for each category of indicators. Estimates from all zones are displayed in the same figure in order to help to studying impact of each indicator on different DDs in all valley zones simultaneously. Finally, result of this quantitative approach will be summarized in a single table at the end of this part. 

function of W (A), H (B), A1 (C), H/W (D) and S/W €; DD2d as a function of W (F), H (G), A1 (H), H/W (I) and S/W (J); DD2d1d as a function of W (K), H (L), A1 (M), H/W (N) and S/W (O).

As for the standard deviation, we can notice a constant variability of DD1d and DD2d whatever the value of the geometrical indicator, with a slightly larger variability in the slope zone W2 (Figure 

function of W (A), H (B), A1 (C), H/W (D) and S/W (E); DD2d as a function of W (F), H (G), A1 (H), H/W (I) and S/W (J) and DD2d1d as a function of W (K), H (L), A1 (M), H/W (N) and S/W (O).

Receivers location. Mean

Summary

The quantitative survey helps to better identify the sensitivity of DDs to variation of several indicators related to the input ground motion at outcropping bedrock and sediments, the geometrical and elastic properties of the valleys, the site response and the coincidence between soil and building frequencies and related amplification. The summary is presented in Table IV-3 

ORIGIN AND SPATIAL VARIATION OF THE DAMAGE DIFFERENCES

In this section, I will try to identify the physical phenomena underlying DDs variations inside each of zones of the valley. To reach this goal, I will focus on the most relevant indicators identified in the previous section, namely input ground motion at outcropping bedrock and site, the sediments stiffness proxies, the resonance frequencies of soil and buildings and related amplification and receiver location in the valley. I will focus on indicators that mainly control the difference in damages between soil and rock, DD1d and DD2d and indicators directly impacting DD2d1d and its spatial variation inside the valleys in following parts.

Impact of surface ground motion at outcropping rock and valleys on the difference of damages between soil and rock

Following the quantitative survey in previous section, I could show that there is a positive correlation between the surface ground motion intensity in terms of PGA and AI at outcropping bedrock and level in damage differences between buildings located in 1D or 2D valleys and those located at 

Site amplification: stiffness and velocity contrast in valleys

In the previous sections, the elastic properties of the valleys have been shown to control the mean DD1d and DD2d. These elastic properties related to soil stiffness and velocity contrasts are proxies to site amplification and it is generally admitted that a higher impedance contrast between soil and bedrock will lead to higher amplification and consequently higher damage [START_REF] Kramer | Geotechnical earthquake engineering[END_REF][START_REF] Bard | Wave propagation in complex geological structures and local effects on strong ground motion[END_REF]. Larger difference of damages between soil and rock are indeed observed when the velocity contrast increases or, alternatively, when stiffness decreases . We can also notice that the high frequencies are sharply attenuated close to 20 Hz due to the maximum computational frequency of 20 Hz. Since there is no building with frequency close or higher than 20Hz, this maximum computational frequency effect shouldn't have significant effect in our study since the missing frequency range is not close to building frequency range. 

Impact of the coincidence of frequencies between soil and buildings and related amplification on difference in damages between 1D and 2D valleys

As outlined in [START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF] and witnessed in past earthquakes (e.g., Mexico, 1985Mexico, & 2017;;[START_REF] Mayoral | Site effects in Mexico City basin: Past and present[END_REF], building damages can be larger when frequencies of the soil and buildings coincide, i.e., when buildings are excited by strong seismic ground motion at their fundamental frequency caused by the site effects. As indicated in Chapter 2,in beyond the 1D fundamental resonance frequency in-between the 1D resonance frequencies (fundamental and higher modes) as outlined in several numerical and experimental studies (e.g., Cornou and Bard, 2003;[START_REF] Bindi | Site amplifications observed in the Gubbio basin, central Italy: Hints for lateral propagation effects[END_REF][START_REF] Smerzini | Comparison of 3D, 2D and 1D numerical approaches to predict long period earthquake ground motion in the Gubbio plain, Central Italy[END_REF]Maufroy et al., 2015;[START_REF] Imtiaz | Diffracted wave-field decomposition and multidimensional site effects in the Argostoli valley, Greece[END_REF]. The surface waves trapping effect is as important as the velocity contrast Ct ( For the sake of simplicity in interpretation and since I am interested in the difference of damages between 2D and 1D ground structures, I will only use f01d and hence the ratio between the resonance frequency of the building and the 1D local fundamental resonance frequency, Rsbf1d, in the following sections. 

Spatial variation of buildings damage

Mean DD2d and DD2d1d were found to be sensitive to the normalized receiver location, Xn, in the 

Effects of valley edge slope angle

In general, it is observed that, in W2 zone, higher is the slope angle lower is mean DD2d1d whatever ranging from 1 to 2 whatever the valley zone, mean DD2d1d for slope angle of 65° and the slope zones (W1, W2) exhibit mostly negative values of DD2d1d (under-damage) especially in W2. The few samples with DD2d1d close to zero or slightly positive occur at certain Ct and when RSbf2d ranges between 1 and 2. This illustrates that the depletion of energy concerns a wide range of RSbf2d.

Interestingly also, mean DD2d1d in central zones of the valley exhibit maxima for RSbf2d ranging from 1 to 2 and also at some specific higher RSbf2d range (from 3 to 4, from 5 to 6) that corresponds to frequencies between first and second and second and third higher local 1D resonance frequencies The maximum DD2d1d at Xn close to 2 is related to focusing effect caused by the constructive interference of body and Love surface waves diffracted at valley edges and the vertically incident SH waves (e.g., [START_REF] Kawase | Constructive Interference of the Direct S-Wave with the Basin-Induced Diffracted/Rayleigh Waves[END_REF][START_REF] Molina-Villegas | Local Generation of Love Surface Waves at the Edge of a 2D Alluvial ValleyLocal Generation of Love Surface Waves at the Edge of a 2D Alluvial Valley[END_REF][START_REF] Zhu | Seismic aggravation in shallow basins in addition to one-dimensional site amplification[END_REF]. At the same time, it is obvious that increasing the slope angle, mean DD2d1d in narrow valleys is higher than in large valleys with also significant DD2d1d in the valley center. for large slope angles [START_REF] Zhu | Interaction of geometry and mechanical property of trapezoidal sedimentary basins with incident SH waves[END_REF]. The lack of multiple reflection of SH-diffracted waves in the in the slope zone consequently translates to negative mean DD2d1d (i.e., under-damage between 2D and 1D valleys) because of larger depletion of seismic energy. This under-damage is however associated to larger variability of DD2d1d that is particularly pronounced for the largest slope angle (45° and 65°).

Effect of valley narrowness

For very narrow valleys (S/W> 0.3), mean DD2d1d exhibit over-damage from the valley edge intersection (Xn close to 2) to the center of the valleys (Xn close to 3.5) whatever Ct except for Ct=2.

Such over-damages are caused by efficient trapping wave effects of laterally propagating diffracted

Love surface waves that lead to ground motion amplification over a large frequency range beyond the 1D local resonance frequency. As for the broad valleys, under-damage (negative DD2d1d) is observed on the valley edge with largest under-damage for the largest slope angle (45° and 65°) that is again related to larger depletion of seismic energy in the slope zones for the largest slope angles. 

Asymmetric valleys

In this section, I will present results for valleys with an asymmetric geometry. All the asymmetric valleys have A2 slope angle equal to 65° in our numerical database. The asymmetry is coming from A1 which can be equal to 10° or 20°. I only check the geometrical effect (slope and narrowness) on localization of DD2d1d to verify how the asymmetry can change the localization of damage difference on slope and central zones of the valleys. However, few combinations of slope angles in both side of the valley can limit my approach and interpretation.

Effect of slope angles

Consistently with symmetric valleys ( 

Effect of valley narrowness

In this section, I will investigate the impact of narrowness (S/W) on mean DD2d1d and 2D/1D ratio of Arias intensities in asymmetric valleys. To be consistent with section 4.4.2, I consider the following cases:

1-S/W<0.1 corresponding to broad valleys; 

SENSITIVITY OF BUILDING CLASSES

The building class W05 (High ductility class of RC building from [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] was only considered in the previous sections. In this section, I will study the sensitivity of the different difference of damages (DD1d, DD2d, DD2d1d) to all available building types (RC, SF and masonry).

The mentioned sensitivity study will also help to compare in between different ductility class of a single type of building and to compare the two buildings dataset defined according to US seismic code [START_REF] Fema | HAZUS[END_REF] and European seismic code [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF].

The 17 different building classes in my database can be divide into 3 main categories: 1) Masonry

Building type including 5 building class (W01, W14, W15, W16, W17), 2) RC building including 8 building classes (W02, W03, W04, W05, W10, W11, W12, W13) and 3) SF buildings including 4 building classes (W06, W07, W08, W09). Building typologies are described in details in Chapter 2. 

Stiffness indicators Ct

Building characteristics -

Site and building combined indicators

Rsbf1d and Ab1d

Rsbf1d, Rsbf2d and Ab2d

Rsbf1d, Rsbf2d and Ab2d While input ground motion intensities in terms of PGA and AI at outcropping rock and in sedimentary valleys definitely control the difference of damages between soil and rock (DD1d, DD2d), they do not impact the difference of damages between 2D and 1D sedimentary valleys. Top velocity contrast (Ct) impacts both DD1d and DD2d with larger DDs when increasing contrast. Considering the whole database samples, marginal impact of Ct can be seen DD2d1d as well. However, Ct was critical to understand the distribution of damages with respect to the combined indicators of site responses and buildings (Rsbf1d, Rsbf2d) and geometrical indicators of the valleys (A1, S/W, Xn).

Maximum difference of mean damages DD1d and DD2d were found to be mainly controlled by the coincidence of buildings and soil resonance frequency for 1D valley (f01d) or soil dominant frequency for 2D valleys (fp2d) whatever the building location in the valley. The maximum mean over-damage compared to damage at outcropping rock is ranging between 0.8 and 1.2, from small to large Ct. For the difference of damages between 2D and 1D (DD2d1d), most of the mean over-damages occur at frequencies beyond the 1D fundamental resonance in a frequency range from f01d up to 2.5 times f01d

or beyond the 2D dominant frequency of the site in a frequency range from fp2d up to 2 times fp2d. This over-damage is caused by multiple reflections of diffracted body waves in the valley edge and diffracted Love surface waves at the valley edges that amplify the surface ground motion in a wide frequency range beyond the site resonance or resonant frequencies. When considering the maximum mean over-damage DD2d1d as a function of the coincidence of building and soil (resonance or dominant) frequencies (Rsbf1d or Rsbf2d), we found very moderate mean over-damages that ranges from 0.1 to 0.4, higher values corresponding to the largest Ct.

The use of the soil dominant frequency (fp2d) which is related to maximum 2D site amplification is probably the most physical indicator to consider when studying the role of the coincidence of frequencies between building and soils in 2D valleys, especially on the valley edges prone to fp2d exceeding f01d. However, measuring fp2d with simple and inexpensive methods (e.g. use of seismic noise) or predicting it without the use of numerical simulations is not yet achievable. Interpretation of DD2d and DD2d1d in terms of 1D indicators (f01d, Rsbf1d) is probably the most comprehensive approach.

As regards as the spatial distribution of DD2d1d inside the 2D valleys, we systematically observe overdamages close to the valley edge (Xn close to 2) whatever the top velocity contrast Ct (for Ct > 2)

and the valley narrowness (S/W) most probably due to focusing effects caused by the constructive interference of SH body waves diffracted at valley edges and the vertically incident SH waves. Overdamages are also observed in the valley center for Ct > 2, especially when the valley is narrow, as a consequence of constructive interference of laterally propagating edge-diffracted Love surface waves. Slight to large lower-damages occur in the slope region (Xn < 2), larger lower-damages occurring for larger slope angles which is explained by the wedge effects that lead to a significant depletion of energy over a wide frequency range.

Finally, mean values of DD2d1d are found to be low to moderate, maximum mean DD2d1d being about one-third to half of the damage between soil and rock. Related variability can however be very large and of the same order as the mean DD2d1d in the slope regions for large valley slope angles (> 45°)

and over almost the entire valley for small valley slope angles (< 20°) and narrow valleys (S/W>0.2).

Asymmetric valleys present the same spatial variation and trend of DD2d1d compared to distribution of DD2d1d, in symmetric valleys, except that no over-damage in DD2d1d is observed at the center of the valleys, which witnesses a lack of constructive interference at the valley center of laterally propagating diffracted Love surface waves from each valley edge. It is worth noting that our interpretation for asymmetric valleys is strongly limited due to lack of more combinations of slope angles in our database.

Finally, the sensitivity of DD1d and DD2d to various building types indicate that:

• Buildings with US characteristics (from HAZUS dataset) show systematically lower values of DDs comparing with buildings of European characteristics (from Lagomarsino dataset);

• Masonry buildings show higher values of DDs compared to RC buildings in both HAZUS and Lagomarsino datasets while the SF and RC buildings in Hazus dataset show similar DDs;

• Higher ductility class generally leads to lower DDs whatever the building type and origin (HAZUS or Largomarsino);

It is worth nothing that building typologies are controlling DD1d and DD2d. However, it has been observed that there are only marginal differences between different building classes when DD2d1d is considered.

V. STUDY CASE FOR THE BUILDINGS FUNDAMENTAL FREQUENCY IN TEHRAN (IRAN) 1 INTRODUCTION

Results from the previous chapter clearly highlight that coincidence between soil and building frequencies (Rsbf1d) is a crucial parameter to predict building damage differences between rock and 1D and 2D sedimentary valleys and between 2D and 1D sedimentary valleys. One of the objectives of this thesis was to predict building damages in Tehran considering multidimensional site effects since Tehran is located on an alluvial valley, and 2D/3D site effects have already been reported (Ebrahim Haghshenas, 2005). For this purpose, the estimation of dynamical parameters for Tehran buildings is crucial to forecast/model the possible building damages in city scale. In this chapter, after a general review of seismic hazard importance and building typology and population of Tehran, measurement campaign of seismic ambient noise is described and empirical relationship between building resonance period and height for the two main building typologies in Tehran are derived. In a second part, I investigate the possibility to include, from 5 large datasets of buildings worldwide, the horizontal dimensions of buildings to obtain empirical laws that that explain at best the RC building period behavior. From these new empirical formulas, I derive the relative importance of (1) the height and ( 2) the horizontal sizes of the buildings.

GENERAL REVIEW OF TEHRAN

Tehran has been the capital of Iran for more than 200 years, and now is the pivot of economic, politic, and cultural activities in Iran. The current city has arisen by the interconnection of small villages such as Vanak, Narmak, Tajrish, and Rey in southern foothills of the Alborz mountain belt. The city is covering around 750 km 2 , and is divided into 22 municipality districts. The northern part of the city is mainly based on large size sediment (i.e., gravel and boulder) from Miocene to Pleistocene geological series. In contrast, soft and small-grained sediment (i.e., silt and clay) in the south of Tehran are younger related to the Pleistocene epoch [START_REF] Shafiee | Shear-wave velocity characteristics of geological units throughout Tehran City, Iran[END_REF]. These sediments are mainly from the Quaternary (Figure V-1-A). Many studies have been done to identify geological features of Tehran valley. However, the geological composition of Tehran valley, which is confined by mountains in the northern part, confirms the possibility of 2D-3D valley effects in its seismic response [START_REF] Haghshenas | Condition géotechnique et aléa sismique local à Téhéran[END_REF]. Moreover, another essential feature of Tehran, which makes seismic risk studies crucial, is the existence of very close main active faults and even sometime inside the city such as the Kahrizak fault, the Mosha fault, and the North Tehran fault system [START_REF] Vasheghani Farahani | Microseismicity of the Tehran Region based on the data recorded in a local monitoring network: 2004-2010[END_REF]. There also exist many minor faults that are widespread throughout the city (Figure V-1-B). From the main historical destructive earthquakes that have been reported in the Tehran (Table V-1) it has been calculated a recurrence period close to 190 years [START_REF] Firuzi | Probabilistic earthquake loss model for residential buildings in Tehran, Iran to quantify annualized earthquake loss[END_REF]. The last destructive earthquakes that strikes the Tehran area happened around 190 years before present, highlighting that we are in a period when a new major earthquake could shake Tehran soon or later.

Moreover, the actual urbanization of the City started after the 1830 earthquake. It implies that actually, there is no consideration of the state of constructions/building stock in-situ, even for a hypothetical modeling of the urban fabric in front of an earthquake. Unfortunately, these types of structures are not earthquake-resistant and are not suitable for highfloor apartment buildings. 

DYNAMICAL PROPERTIES OF BUILDINGS IN TEHRAN

Seismic response of buildings depends on their dynamical characteristics: the different resonance periods (T0, T1, T2…Tx), their related damping that reflects energy dissipation (ξ0, ξ1, ξ2…ξx) and their modal shapes as internal parameters, and input ground motion and soil-structure interaction as external parameters. The main parameter and easiest one to extract is the fundamental period (T0 or its inverse the fundamental frequency f0), corresponding to the first mode of the structural displacement behavior, assimilating the building as a Single Degree Of Freedom (SDOF) oscillator.

The structure periods mainly control the amplitude and the duration of its response to an earthquake as well as the corresponding damping. ''The natural period of vibration is the single most informative fact about the internal structure of buildings." [START_REF] Housner | Natural periods of vibration of buildings[END_REF], and SDOF system is often used to model the behavior of regular buildings. Under the mentioned simplifying assumption, the fundamental period is directly related to stiffness K and mass M of structures through the equation:

𝜔 = √ 𝐾 𝑀 (Eq. V-1)
Where ω is the circular frequency, which is equal to 2πf0=2π/T0, f0 being the fundamental resonance frequency of the building. Any modification of the stiffness, mass or energy dissipation may alter the dynamic response [START_REF] Doebling | Damage identification and health monitoring of structural and mechanical systems from changes in their vibration characteristics: A literature review[END_REF][START_REF] Farrar | An introduction to structural health monitoring[END_REF]. The fundamental period (T0) can vary as a function of the building structural design, construction material, local methods of construction, seismic history, and normal/abnormal aging/using. The identification of this natural period is also linked to the amplitude level of input motion because of the inherent non-linearity of materials. For the same buildings, [START_REF] Dunand | Comparison of the dynamic parameters extracted from weak, moderate and strong building motion[END_REF] showed that the measured fundamental period on undamaged buildings could vary by up to 40%, while [START_REF] Vidal | Changes in dynamic characteristics of Lorca RC buildings from pre-and post-earthquake ambient vibration data[END_REF] measured variability of 20% coming mainly from nonlinear effect.

The fundamental period of buildings has also been shown to fluctuate with respect to external forcing such as level of seismic solicitation [START_REF] Çelebi | Seismic Response of Transamerica Building. I: Data and Preliminary Analysis[END_REF][START_REF] Dunand | Comparison of the dynamic parameters extracted from weak, moderate and strong building motion[END_REF][START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF], temperature [START_REF] Guéguen | Nonlinear dynamics induced in a structure by seismic and environmental loading[END_REF][START_REF] Guillier | Building frequency fluctuations from continuous monitoring of ambient vibrations and their relationship to temperature variations[END_REF][START_REF] Mikael | The analysis of long-term frequency and damping wandering in buildings using the Random decrement Technique[END_REF], soil-structure interaction [START_REF] Dunand | Evidence of Soil-Structure Interaction from Ambient Vibrations-Consequences on Design Spectra[END_REF][START_REF] Guéguen | Experimental and Numerical analysis of Soil Motions caused by free vibrations of a building model[END_REF]. Moreover, significant input motion or aging would cause of developments of cracks in structures, so-called structural damages, and as the net area of the resisting section is decreasing, the rigidity would reduce that in turn results on increase of the fundamental period [START_REF] Astorga | Recovery of the resonance frequency of buildings following strong seismic deformation as a proxy for structural health[END_REF][START_REF] Michel | Vulnérabilité Sismique de l'échelle du bâtiment à celle de la ville -Apport des techniques expérimentales in situ -Application à Grenoble[END_REF]. Moreover, various studies checked the fundamental period stability/variations on buildings caused by an earthquake considering different buildings damages state. [START_REF] Dunand | Evidence of Soil-Structure Interaction from Ambient Vibrations-Consequences on Design Spectra[END_REF] reported around 35% increase of resonance period caused by non-destructive earthquakes, a 40% change on RC building stocks behavior in Peru after the Lima earthquake with Mw=8.1 in 1974 [START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF]. Reported resonance period elongation up to 65% after the Lorca 2011 earthquake (Spain, Mw=5.1), and finally, [START_REF] Ditommaso | Evaluation and considerations about fundamental periods of damaged reinforced concrete buildings[END_REF] showed elongation up to 75% (depending on the damage rate) after the 2009 L'Aquila earthquake (Italy, Mw=6.3). Of course, other destructive earthquakes have clearly shown that the damages were increasing where the fundamental period of buildings is close to the soil period resonance as for the 1985 earthquake on Mexico City [START_REF] Singh | Mexico earthquake of September 19, 1985 -a study of amplification of seismic waves in the valley of Mexico with respect to a hill zone site[END_REF].

Furthermore, periodic variation in temperature will cause small to very small fluctuation in period ( Guillier et al., 2016;[START_REF] Mikael | The analysis of long-term frequency and damping wandering in buildings using the Random decrement Technique[END_REF]. Soil-structure interaction leads to an increase in the fundamental period of a building compared with fixed-base structures [START_REF] Guéguen | Experimental and Numerical analysis of Soil Motions caused by free vibrations of a building model[END_REF][START_REF] Guéguen | Site-city seismic interaction in Mexico City -Like environments: An analytical study[END_REF][START_REF] Todorovska | Seismic interferometry of a soil-structure interaction model with coupled horizontal and rocking response[END_REF][START_REF] Wolf | Seismological, soil and valley effects in Kirovakan, 1988 Armenia earthquake[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF]. The soil under the structural foundation cannot be counted as a rigid base, and it would also move during necessary motion resulting in modification of fundamental frequency measurements, even using low solicitation as seismic noise. For instance, [START_REF] Boutin | How far ambient noise measurement may help to assess building vulnerability? In Increasing Seismic Safety by Combining Engineering Technologies and Seismological Data[END_REF] observed around 5% period elongation in their case studies, and [START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF] reported for Beirut RC buildings (Lebanon), around 20% increase in elastic fundamental period measurements for buildings constructed on soft soil comparing to buildings built on rocky sites. Mainly, there are two ways to obtain the dynamic characteristic of buildings:

1. Numerical modeling based on mechanical properties of all the building components which give only "theoretical" characteristics, and 2. In-situ experimental measurements using different input motion.

It is worth noting that both methods are essential and complementary, but finally, the in-situ measurement is the only way "to calibrate" the models. Therefore, experimental tests are crucial to depict the building behavior to allow damage computation depending on selected earthquakes. There are different experimental techniques to access dynamic properties of structures, mainly divided into active and passive methods. During active tests, buildings are excited by external solicitation such as unbinding, harmonic oscillators or percussion test. (i.e., [START_REF] Boutin | Etude expérimentale sur bâtiments réels[END_REF][START_REF] Crowley | Period-height relationship for existing European reinforced concrete buildings[END_REF][START_REF] Trifunac | Comparisons between ambient and forced vibration experiments[END_REF]. These kinds of tests are expensive, difficult to set up, and disturbing inhabitants as the purpose is to run a test in a building and in an urban area. Passive tests as Ambient Vibration Techniques (AVT; [START_REF] Carder | Observed vibrations of buildings[END_REF][START_REF] Farsi | Retrofitting and strengthening evaluation from stiffness variations of a damaged building from ambient vibration recordings[END_REF]Trifunac et al., 2001a[START_REF] Trifunac | Apparent Periods of a building. II: Time-Frequency Analysis[END_REF] are used worldwide due to their convenience to set up as well as the rapidity to obtain the fundamental period of a building.

Evidently, the best method to determine dynamic parameters is recording earthquakes on buildings, but this method needs permanent seismic station in buildings, and it is thus a costly procedure, and deriving results may be longer if the building is located in a low to moderate seismicity area. Hence, AVT is an easy and inexpensive tool to obtain dynamical building parameters, including fundamental periods (f0), damping ratios (𝜉0) and modal shapes. This method is based on the fact that buildings are excited by multiple sources, which act over the structures and the permanent excitation of a building generate displacement (more or less amplified) at its different frequencies. The origin of ambient noise entering in buildings has different origins:

-At high frequencies, i.e., higher than 1-2 Hz, the main sources are linked to human activities such as machinery, traffic…; -At medium frequencies, i.e., in-between 0.5 and 1-2 Hz, the stronger sources are natural with a close origin such as winds, local waves, trees…;

-At low frequencies, less than 0.5 Hz, the main active sources are also natural but with a more distant origin, i.e., large storm, tides… [START_REF] Landés | Origin of deep ocean microseisms by using teleseismic body waves[END_REF].

Whatever its origin, seismic noise contains different range of periods, and the buildings act as a filter enhancing their dynamic behavior properties with a displacement that increases toward the building roofs for the building fundamentals periods, i.e., for longitudinal and transverse directions. Thus, recording noise at the highest location of the building will lead to easily and quickly identify the fundamental period. Even if the level of excitation of seismic noise is low, it gives valuable results in the linear elastic domain [START_REF] Mucciarelli | The Bovec (Slovenia) Earthquake, April 1998: Preliminary Quantitative Association Among Damage, Ground Motion Amplification And Building Frequencies[END_REF]) that is a starting point for any nonlinear analysis. [START_REF] Carder | Observed vibrations of buildings[END_REF] first ran a campaign of measurement using this technique in California, on 336 SF and RC buildings. He first proposed some experimental formula to relate geometrical features of building such as height to their fundamental resonance period. This kind of formula was then used in seismic codes, where a prior estimation is needed in the design procedure. Then, extensive data collection ends up with experimental formula useful for seismic codes and can be used for large-scale seismic vulnerability assessments [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF]. In-situ measured dynamic datasets can also reduce the range of errors and epistemic uncertainties for representing vulnerability as fragility curves [START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF].

Seismic codes formulas giving fundamental period can be divided into three groups:

• The seismic codes that are using linear formula between the resonance period and the building height, as:

𝑇 = 𝐻 𝐶 ℎ (Eq. V-2) or 𝑇 = 𝑁 𝐶 𝑛 (Eq. V-3)
where H is the height in meter, N the number of floors, and Cn, Ch are local constants. For example, these formulas are used in the Japanese seismic code (BSLJ, 2011) and Peruvian seismic code (E.030, 2007).

• The seismic codes that establish a relationship between H and T in power law form:

𝑇 = 𝐶 𝑡 𝐻 𝛽 (Eq. V-4)
where β is a local constant (generally equals 0.75) used in many seismic codes (e.g., EC8, 2004;NBCC, 1995;SIA, 2003;UBC, 1997) and, all also versions of Iranian seismic code [START_REF] Bhrc | Standard 2800: Iranian seismic code First edition[END_REF][START_REF] Bhrc | Road, Housing and Urban Development Research Center (BHRC)[END_REF][START_REF] Bhrc | Standard 2800: Iranian seismic code Third edition[END_REF][START_REF] Bhrc | ). Road, Housing and Urban Development Research Center (BHRC)[END_REF].

• The seismic codes that are considering horizontal dimension (L), which has been proposed first by [START_REF] Housner | Natural periods of vibration of buildings[END_REF] and are used in Algerian code (RPA88, 1988;RPA99, 2003) or French code (AFPS, 1990) with the generic formula:

𝑇 = 𝐶 𝑡 𝐻 √𝐿 (Eq. V-5)
where H is the height in meter, Ct a local constant, and L is the size of the building in the intended direction (longitudinal or transverse).

The above formulas allow to estimate the fundamental period of buildings, which is representative of the building at a real operational limit state. Even if seismic codes are estimating fundamental period using these formulas, they sometimes miss experimental data to validate/calibrate them accounting for the local and national practice of building design (and, of course, all corresponding uncertainties).

Moreover, experimental evidence can help to calibrate the code provisions. Code provisions need to be based on experimental evidence, whereas the given empirical formulas are not always tracing the reality and generally are derived from American or European codes (e.g., EC8, 2004;SIA, 2003;UBC97, 1997). Moreover, in the Iranian codes, we could not find any experimental basis of the formula related to the different building typologies existing in Iran, when to consolidate applicability on seismic codes of the different formula in a region (or country), experimental tests are needed.

The goal of this study is to find out an empirical relationship between the periods obtained from AVT and the morphological characteristics for Teheran specific building typologies. Results have also been compared to the Iranian seismic code as well as to similar studies in different countries in the world.

Iranian Seismic codes

The first version of the Iranian seismic codes called "Standard 2800" has been published more than thirty years ago [START_REF] Bhrc | Standard 2800: Iranian seismic code First edition[END_REF] and enforced as a mandatory national building rule in 1990, just after the Manjil earthquake (Mw=7.4). New versions have been published since then on 1999, 2005, and 2016[START_REF] Bhrc | Road, Housing and Urban Development Research Center (BHRC)[END_REF], 2005, 2016)). Therefore, it is assumed that buildings built before 1990 present a lack of earthquake-resistant design. Strategy regulation of "Standard 2800" is a classic forced-based design, and the proposed fundamental period of building with simple relationships is used to define spectral acceleration and thus the base shear force as a crucial input of structural design. It is noteworthy that forced-based design uses the elastic value of fundamental period while for displacement-based design, yield value of period is needed to take into account the effect of cracking.

On the other hand, the period coming from the Iranian code should be representative of building at the operational limit state, including moderate damage, nonlinear behavior, and aging. Therefore, making use of the gross section (un-cracked) of the elastic domain for analytical calculation is typically conservative in force-based design method.

The proposed formula for period estimation for the first three versions of the standard is T=0.07H 0.75 for Reinforced Concrete (RC) buildings and T=0.08H 0.75 for Steel Frame (SF) buildings with 20% reduction of the estimated period in case of infill existence (Eq. V-4). For RC buildings, the formula has been modified to T=0.05H 0.75 (~30% decrease from the previous estimation) in the latest version of the Iranian code [START_REF] Bhrc | ). Road, Housing and Urban Development Research Center (BHRC)[END_REF]. However, we could not find any experimental evidence for this remarkable modification on code provision in Iran. Additionally, we collected the following information for each building: location (latitude, longitude), number of floors, building size (length and width), typology, and finally, the year of construction (when available). In most cases, we could not access the official buildings document (i.e., blueprint), and the inhabitants generally were not sure about the year of construction, so our dataset contains around 50% of

Building measurement in Tehran

"unknown" answer for the year of construction In the final database, the number of floors is varying from 1 to 28 with more SF buildings than RC building over four floors (Figure V-5-B), indicating that in general, the builders favor the use of steel for taller buildings. In this study, we considered only the floors upper than ground level with a typical height of 3 meters (H≈3N) and, if the first floor is not entirely above the ground, we added a fraction of one floor to the overall number of floors: i.e., a 2.3 floors-building corresponds to a two-floors buildings above ground level plus an additional 1 meter from basement upper than the ground.

Experimental setup and data acquisition

Seismic ambient noise measurement campaigns have been performed using the same equipment for soil measurement, i.e., a CitySharkII station recorder [START_REF] Chatelain | Ambient Vibration Recording for Single-Station, Array and Building Studies Made Simple: CityShark II[END_REF][START_REF] Chatelain | CityShark: A user-friendly instrument dedicated to ambient noise (Microtremor) recording for site and building response studies[END_REF] coupled to a 5s

Lennartz velocimeter. This combination allows a reliable estimate of building periods range of [0.02

to 5] seconds [START_REF] Guillier | Influence of instruments on the H/V spectral ratios of ambient vibrations[END_REF]. For our in-situ measurements, we followed the same protocol used for previous studies [START_REF] Dunand | Evidence of Soil-Structure Interaction from Ambient Vibrations-Consequences on Design Spectra[END_REF][START_REF] Farsi | Retrofitting and strengthening evaluation from stiffness variations of a damaged building from ambient vibration recordings[END_REF][START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF], i.e., we aligned the North component of the seismometer along the main building direction (longitudinal direction), and then the East component lies along the shorter building direction (transverse direction). As along each direction, the particle velocity at the fundamental period (T0) is getting stronger from the base to the top of the building, for each measurement, the seismometer has been set up at the highest accessible place in the building (i.e., at the roof in most cases) and as close as possible to the geometric building center (to avoid as much as possible any rotational period). Extra recordings have been performed in case of buildings with length larger than 20 meters and/or buildings constructed with different blocks separated by seismic joints, whatever the joints were working or not. The recording length was set to 15 minutes [START_REF] Dunand | Evidence of Soil-Structure Interaction from Ambient Vibrations-Consequences on Design Spectra[END_REF][START_REF] Farsi | Retrofitting and strengthening evaluation from stiffness variations of a damaged building from ambient vibration recordings[END_REF][START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF] with a sampling rate of 100 samples per second in order to achieve enough time length waveform for the analysis. This leads to have a global database made of 267 3-components recordings.

Data processing

The Fourier amplitude spectra have been computed using the geopsy software [START_REF] Wathelet | Geopsy: A user-friendly open-source tool set for ambient vibration processing[END_REF] in a frequency range ranking from 0.5 Hz to 30 Hz, and this for both directions, to allow to measure the fundamental periods along the longitudinal and the transverse directions (i.e., T0long and T0trans).

So, the following processing has been applied on all seismic noise recordings done on buildings:

Step 1: 25 seconds windows were first selected from the most stationary parts of the 900 seconds signal, using an anti-trigger (short-term average STA=1s and long-term average LTA=30s, with STA/LTA ratio ranging between 0.2 and 2.5) to avoid strong transient;

Step 2: a 5% cosine taper has been applied on each extracted time window to avoid any spurious frequency content linked to the passage in the frequency domain (FFT);

Step 3: Fourier amplitude spectra for each time window have been then computed and smoothed using the [START_REF] Konno | Ground-Motion Characteristics Estimated from Spectral Ratio between Horizontal and Vertical Components of Microtremor[END_REF] method (with a b-value of 40);

Step 4: the averaged Fourier velocity amplitude spectra are computed from all individual-window spectra with the corresponding standard deviation.

Finally, the averaged Fourier amplitude spectra curve displays a peak, and the peak at the lower frequency (generally the stronger in amplitude) corresponds to the fundamental frequency/period

(Figure V-6).
The fundamental frequency (with its standard deviation) on both horizontal directions are then extracted from the averaged Fourier amplitude spectra curve using the automatic peaking implemented in the "geopsy" software. Lastly, visual checking of the fundamental frequencies has been done because the peak identification is sometimes complicated especially for low-rise buildings when spurious peaks appear due to the interaction with adjacent taller buildings or when torsional 

Fundamental period experimental formula for Tehran SF and RC buildings

In some codes (e.g., ATC, 1978), the horizontal building dimension is assumed to have an impact on the fundamental period determination, as for some pioneering work [START_REF] Housner | Natural periods of vibration of buildings[END_REF]. To D) display small variation around 1:1 line. This distribution implies that the impact of building horizontal dimension is only marginal, as already observed in previous studies [START_REF] Farsi | Estimation des périodes propres de bâtiments et vulnérabilité du bâti existant dans l'agglomération de Grenoble[END_REF][START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF][START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF]. Michel et al.

(2010) evaluated the impact/weight of the horizontal dimensions on the period of a building to close to 13%, confirming the observations on various countries worldwide. It means that the (Eq. V-5) will

probably not be the best formula to extract an experimental law to explain the global behavior of both SF and RC Tehran building (as in France, Peru and Lebanon). I will focus on the horizontal dimensions impact on f0/T0 in section 5 in more details. The statistical approach on each building typology (SF and RC) has been made to determine the most appropriate empirical relationship between building geometrical parameters as the number of floors

[N] with their fundamental periods. In order to derive such relationship, we considered the three common relationships aforementioned:

-The linear formula (Eq. V-3);

-The power-law formula (Eq. V-4), using β=0.75 as it is the case in almost seismic code which use this kind of formula, and also;

-The horizontal dimension-based formulae (Eq. V-5) to verify if the role of building horizontal dimensions [L] for Tehran buildings is only marginal as I state before.

Regression values, together with their related coefficients of determination (R 2 ), are indicated in . Coefficients of regressions indicate that buildings resonance periods are mainly linearly correlated to the building height as the best formula to explain the building resonance period is the linear one (Eq. V-3). The worst formula is the one that includes the horizontal dimension of the building, confirming again (and at first glance) that the horizontal building dimensions play an only minimal role in the building fundamental period determination.

Building type Formula R 2

Linear formula (i.e., Eq. V-2 and V-3)

Steel Frame building Therefore, a comparison of measured resonance periods with predicted ones, from the application of the formula mentioned above, is shown for SF ( 

Comparison with Iranian seismic codes and results from other countries

AVT was applied in various regions in the world to determine the fundamental period/frequency of building stocks. These studies concluded to linear and sometimes power-laws empirical relationships between dynamic parameters (period and damping) and geometrical characteristics of buildings mostly on RC buildings [START_REF] Chiauzzi | Estimate of fundamental period of reinforced concrete buildings: code provisions vs. experimental measures in Victoria and Vancouver[END_REF][START_REF] Ditommaso | Evaluation and considerations about fundamental periods of damaged reinforced concrete buildings[END_REF][START_REF] Dunand | Pertinence du bruit de fond sismique pour la caractérisation dynamique et l'aide au diagnostic sismique des structures de génie civil[END_REF][START_REF] Enomoto | Evaluación del comportamiento de los edificios en almerıa mediante el análisis del ruido ambiental. 1a Asamblea Hispano-Lusa[END_REF][START_REF] Guéguen | Experimental and Numerical analysis of Soil Motions caused by free vibrations of a building model[END_REF][START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF][START_REF] Guler | Estimation of the fundamental vibration period of existing RC buildings in Turkey utilizing ambient vibration records[END_REF][START_REF] Hong | Empirical formula for fundamental vibration periods of reinforced concrete buildings in Taiwan[END_REF][START_REF] Kobayashi | Evaluation of dynamic behaviour of building structures with microtremors for seismic microzonation mapping[END_REF][START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF][START_REF] Satake | Evaluation of vibration properties of high-rise steel buildings using data of vibration tests and earthquake observations[END_REF][START_REF] Warnitchai | Development Of Seismic Design Requirements For Buildings In Bangkok Against The Effects Of Distant Large Earthquakes[END_REF]. Different numbers of buildings have been used to establish the experimental formula when the largest dataset comes from Lima (Peru) with 344 buildings [START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF] while other studies are based on smaller dataset as working with 6 RC buildings in Turkey [START_REF] Guler | Estimation of the fundamental vibration period of existing RC buildings in Turkey utilizing ambient vibration records[END_REF]. Results from all these studies strongly indicated that buildings in Tehran are softer than in other countries with the sole exception of Mexico City (Figure V-9-A). The lower values of building period obtained in Mexico City can be linked to the presence of very soft soil (as for Beirut, [START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF] and damages in buildings after the Mw=8.0 Mexico City earthquake in 1985 [START_REF] Kobayashi | Development of portable measurement system for ambient vibration test of building[END_REF].

However, these possible explanations do not stand for Tehran since geotechnical studies outlined stiff surface deposits (JICA, 2004) 

DISCUSSION ON BUILDING BEHAVIOR IN TEHRAN

Comparison between measured resonance periods and the ones coming from the Iranian code (BHRC, 2016) demonstrates that the code provision strongly overestimates the building resonance periods, especially for low to mid-rise buildings, which means that buildings are stiffer than they were designed based on regulation. The force-based design origin of "Standard 2800" leads to the fact that lower value of period is less conservative as it will correspond to a higher spectral amplitude that the buildings can suffer from the higher shear force in case of an earthquake occurrence while structural elements are not sufficiently well designed. Non-structural elements such as infillwalls lead to an increase in overall stiffness that can result in a significant change in the dynamical behavior of the buildings for moderate and even large seismic solicitation. When stiffness increases resonance period decreases, whose amount of decrease is related to the quantity of infill walls as a percent of the total area and the number of shear walls in the structure, while numerical analysis for structural design does not address the role of non-structural elements on resonance periods. Oliveira & Navarro (2010) worked on seven-story RC building, they reported a 37.5% decrease in the period after the construction of the infill walls. [START_REF] Kobayashi | Evaluation of dynamic behaviour of building structures with microtremors for seismic microzonation mapping[END_REF] studied three different nine-story RC buildings without shear walls, with some shear walls and with a large partition of shear walls, leading to 45%, 37%, and 12% decrease in resonance period, respectively. Therefore, based on the mentioned experiments, it is legitimate to raise the question of whether the 20 % decrease because of the presence of infill walls, as suggested by code, is consolidated by an experimental basis or not.

Finally, the comparison between building behaviors in different countries brings up questions about the vulnerability of buildings in Tehran in case of earthquake occurrence. It is shown that for both RC and SF typologies, the building periods in most other countries are strongly lower than the Iranian buildings with the same typology and number of floors, which cannot be interpreted as soil-building interaction due to medium to hard nature of the soil in Tehran.

In the next part the impact of horizontal size on fundamental period of RC buildings will be considered with more details using available database of measured buildings.

IMPACT OF HORIZONTAL SIZES ON RC BUILDING FUNDAMENTAL PERIODS

As it was mentioned in previous sections, different building codes propose various experimental formulas for the estimation of the fundamental period of RC building. These code provisions are mostly relating the period of RC building (whatever the horizontal directions) to its height (H) regardless of the role of its horizontal sizes (length: L and width: W). Some codes propose formulas relating both height and length of building on the intended direction to fundamental period of building in that direction. Unfortunately, these formulas, using the horizontal dimensions of the buildings, mostly fail to estimate the fundamental period/frequency of these buildings accurately, and their results are very bad comparing to linear or power form formulas. This discrepancy can come from (i) the difference in stiffness in each direction, which is the leading cause to explain the difference in the period in the two main horizontal directions of the building (even if the f0long is more or less equal to f0trans), and/or (ii) the distribution of shear walls or braced frames, different structural frames, or amount of infills in the considered direction. In this case, the size of the building in each direction could be used as a proxy showing the probable existence of more stiff parts along the selected direction. In this section, we used the result of ambient vibration tests (AVT) on building in different countries to make a comprehensive comparison between the conventional code provisions, and to quantify what can be the weight of the horizontal sizes on fundamental periods formula. Finally, I develop new experimental formulas based on the height of the building plus one or two indicators from horizontal directions. For this purpose, I have compiled data gathering seismic noise measurements on buildings from different origin countries: Spain, France, Iran, Lebanon, and Peru.

Horizontal building size impact in literature and seismic codes

In seismic building codes, the most commonly used experimental formula has a power-law form (Eq.

V-4), with different values of Ct and 𝛽 that are defined locally, i.e., country by country. Ct is a constant depending on different building structural frames (mainly with moment resistant system), materials, and habits. In ATC (1978), this constant is firstly proposed to be equal to 0.035 for Steel Frame moment resistant system and 0.025 for Reinforced Concrete moment resistant system based on experimental evidence from dynamical tests after the San Fernando earthquake that occurred in 1971. This formula is based on the Rayleigh method, following scientific simplified assumptions:

1-Equivalent static lateral forces are linearly distributed over height, deflection of buildings is controlled by drift limitation;

2-It implies that the distribution of stiffness with height produces a uniform story drift under the linearly distributed lateral forces, and;

3-Base shear force to be inversely proportional to T2/3.

The power form formula can be replaced by linear formula by considering 𝛽 equal to 1 and when the following assumption change to the proportional inverse relationship of the period and base shear force, which is valid for building with height less than 40 meters. Some codes also propose the linear formulas such as Eq. V-2, 3 (e.g., BSLJ, 2011;E.030, 2007) which are confirmed by many field studies using AVT (e.g., [START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF][START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF][START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF]. ATC (1978) also proposed formula based on both height (H) and the length (L) of building in considered direction for RC building structures with shear walls (Eq. V-5) where Ct=0.09. According to [START_REF] Crowley | Revisiting Eurocode 8 formulae for periods of vibration and their employment in linear seismic analysis[END_REF], this formula comes from the equation of the natural vibration period of the cantilever (only shear deformation) with a constant thickness of walls as described in the following formulation:

𝑇 = 4√ 𝑚 𝑘𝐺 . 𝐻 √𝐴 = 𝛼𝐻 √𝐴 = 𝛼𝐻 √𝐿𝑡 𝑤 = 𝛼 1 𝐻 √𝐿 (Eq. V-6)
In which m is the building mass, G is the shear modulus, k is the shape factor, tw is the wall thickness and, L is the length of the cantilever. This formula, later adopted by different seismic codes, has been used not only for RC building with shear walls but also for other structural systems. Many countries are using the Eq. V-5 (Table V-4) for different buildings typologies. For instance, Indian codes [START_REF] Is | Indian standard Criteria for earthquake resistant design of structures[END_REF][START_REF] Is | Indian standard Criteria for earthquake resistant design of structures, Part 1: General Provisions and Buildings[END_REF] used the equation V-5 for no moment-resisting frames buildings without bracing or shear wall for resisting lateral loads, while the Korean code [START_REF] Kbc | National building code of Korea. ministry of construction[END_REF] proposed it for RC buildings with shear-wall dominant systems. Table V-4. Countries which are using Eq. V-5 in their building codes for different building typologies.

Country (Code

However, this formula is ignoring the layout of stiffer elements of structures such as the shear walls in building plans, and later, some codes adopted the index L to Ls as the length of shear elements (e.g., NBCC, 1995 in Canada). Besides, [START_REF] Goel | Period formulas for concrete shear wall buildings[END_REF] indicated that the ratio of H/√L is not sufficient to estimate the fundamental period of buildings accurately, and the mentioned formula is grossly inadequate. They claim that formulation should be based on both shear and flexural deformation for shear walls with height to length ratio between 0.2 and 5 (Dunkerly method), with the following formulation:

𝑇 = √𝑇 𝑓 2 + 𝑇 𝑠 2 (Eq. V-7)
In which 𝑇 𝑓 is the fundamental period for pure-flexural and 𝑇 𝑠 is the fundamental period for pureshear cantilever. Finally, they propose formula based on shear area percentage in each direction:

𝑇 = 0.0019 √𝐴 𝑒
´. 𝐻 (Eq. V-8)

Where 𝐴 𝑒

´ is the equivalent shear area (𝐴 𝑒 ) expressed as a percentage of building plan area (𝐴 𝑏 ):

𝐴 𝑒 ´= 100 𝐴 𝑒 𝐴 𝑏 (Eq. V-9)
Another formulation based on both the height and length of the building is written as:

𝑇 = 0.08 𝐻 1.5
√𝐻+𝐿.√𝐿 (Eq. V-10) as it proposed by French code (AFPS, 1990)or the modified form: 𝑇 = 0.09 𝐻 1.5 √𝐻+𝜌𝐿.√𝐿 (Eq. V-11)

proposed by Greek seismic code [START_REF] Eak | Greek code for Seismic Resistant Structures[END_REF], where ρ is the ratio of areas of shear wall section along the considered direction to the total area of walls and columns.

Validation of formulas based on exact shear area (e.g., Eq. V-8 or Eq. V-11) in existing buildings is difficult because of the unknown construction details of buildings and also unknown contribution of infill walls in shear deformation. By the way, a set of experimental tests by researchers in different countries have been done as the value of constants in aforementioned formulas is local dependent and related to building materials and habits in each country. AVT, as a frequent and relatively low-cost test, helps to make a comparison between code provision and real in-situ building behavior and also to retrieve the local value of constants and sometimes new formulation based on their evidences.

Many of the approaches show that the linear correlation, in-between the period and the height of a building using experimental data, have the best fit (e.g., [START_REF] Ditommaso | Evaluation and considerations about fundamental periods of damaged reinforced concrete buildings[END_REF][START_REF] Lagomarsino | Forecast models for damping and vibration periods of buildings[END_REF][START_REF] Satake | Evaluation of vibration properties of high-rise steel buildings using data of vibration tests and earthquake observations[END_REF]. However, few studies mention the effect of building horizontal sizes in their studies:

-Some studies check the difference between the period in the two horizontal directions -There are also some approaches in which researchers test L-based formula with their database.

For instance, Espinoza (1999) showed that linear formula better fit in buildings in Barcelona.

He also checked (Eq. V-5 and Eq. V-11), where there was no improvement in regression performance.

-Finally, [START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF] reported for RC French buildings a partial correlation (around 13%) of L to explain the building period in their database. They also checked Eq. V-5 where there was no significant improvement in regression fits.

Besides, there are some approaches where researchers propose new formulas in addition to aforementioned formulas: [START_REF] Gilles | Development of a Period Database for Buildings in Montreal Using Ambient Vibrations. 14th WCEE[END_REF] tested a formula proposed by [START_REF] Weaver | Vibration problems in engineering[END_REF] as a fundamental theoretical period of a continuous, prismatic, flexural cantilever beam made of linear elastic material.

This formula can be written as:

𝑇 = 𝐶 𝐻 2 𝐿 (Eq. V-12)
They could see improvement in regression performance, although their database includes just ten buildings in Montreal, Canada. [START_REF] Hong | Empirical formula for fundamental vibration periods of reinforced concrete buildings in Taiwan[END_REF] proposed an equation in the form:

𝑇 = 𝐶 𝐻 𝛽 𝐿 𝛼 (Eq. V-13)
Based on their statistical approach in between their database, including 21 RC buildings with moment resisting frame plus shear wall located around elevators in Taiwan. They find out that letting power of H and L to be free in their regression procedure will help performance, and finally, they propose 0.0344, 0.803, and 0.0429 respectively for C, 𝛽 and 𝛼. [START_REF] Lee | Experimental formula for the fundamental period of RC buildings with shear-wall dominant systems[END_REF] proposed the formula in the form:

𝑇 = 𝑏 1 𝐻 𝛽 √𝐿 + 𝑏 2 (Eq. V-14)
In this paper, they show that the above formula displays a better fit than the Korean building code provision, which is based on Eq. V-5. They also retrieved 0.4, 0.2 and -0.5 for b1, 𝛽 and b2 respectively in their database, which includes 50 apartment RC buildings with the shear wall dominant system.

As described previously, few studies focus on the impact of horizontal sizes of buildings, and their studies were affected by a matter of their restricted database. Therefore, they could not find horizontal sizes impact on building vibration period in a meaningful way. In the next parts, these impacts will be studied comprehensively by collecting available measured building results in literature.

Data Collection

Characterizing the impact that have the horizontal size of the buildings on the fundamental period of buildings lead us to construct a database of AVT data on RC buildings, including detailed information about the geometry of the building (height, length, and width) as well as periods in both horizontal directions. Finally, we could gather data coming from five countries, including 1077 surveyed buildings (Table V-5). The dataset from Spain and France were available through author publication while personal communications with authors has gathered dataset from Peru and Lebanon. The diversity between selected countries and, consequently, different building habits and structural design will help us to distinguish differences as well as similarities. It should be noted that for all cases, i.e., the different countries, the authors concluded that the best formula to express the fundamental period of the RC buildings was in a linear form (Eq. V-2,3). We coupled each measured period in both horizontal directions with geometrical data: height (H), size of building parallel to measured period direction (SL), and size of building orthogonal to the measured period direction (SW). These parameters help us to use measured periods in two horizontal directions in a single database. For the different countries, the horizontal extension of the buildings (Figure V-10-A to E) shows a substantial variability from square buildings (slope 1:1) up to large rectangles with a 1:8 extension (Peru-Figure V-10-E), which means that for a given width of a building, the corresponding length can equal to its width or eight times bigger. If the horizontal building dimensions were involved in determining fundamental building frequencies, they should be somewhat different in the longitudinal and transverse directions naturally. However, the periods in both horizontal directions (Figure V-10-F to K) demonstrate that the building periods are very homogeneous in both directions, whatever the countries. This strong homogeneity in horizontal periods of RC building mainly indicates that the horizontal building dimensions play only a marginal role in the fundamental period of the buildings.

Performance of different commonly used formulas

Based on the determination of the fundamental periods of RC buildings, extracted from seismic noise in-situ measurements, for all five different countries, I will look at which formula predicts better the period of RC buildings. I select equations (Eq. V-2, 4, 5, 10 and, 12) to compare the performance of the mentioned formulas in each country. Three of these equations (Eq. V-5, 10 and, 12) take into account the horizontal dimensions of the RC building; one has a power law (Eq. V-4) form as it is the most used formula in the worldwide seismic codes when the last formula have a linear form (Eq. V-

2) as it has been defined by the different authors of these data (see Table V-5) to be the best representative formula for their databases. This analysis will allow checking if the horizontal dimensions of a building have a significant influence on the period determination. The coefficient of determination of regressions (R2) is used as a performance indicator where the values of 1 indicate that the regression perfectly fits the data when lower values indicate a worse fit of the regression to the data, lower is R2 worse is the fit. Therefore, data analysis using regression methods on the selected database confirm that the linear empirical relationship between T and H is the simplest equation (Figure V-11, blue curve) which adequately accurate to express the variation of the period in buildings.

In other words, this linear relationship is better to represent the buildings behavior in all countries whatever the building habits and materials used for construction. Details on Figure V-11 show :

-The power law formula (Figure V-11, green curve) is worse than the linear formula in all cases, but relatively close;

-The formulas using horizontal dimensions of the building (Figure V-11, red curve: Eq. V-5, magenta curve: Eq. V-10 and yellow curve: Eq. V-12) are strongly worse than the 2 formulas that do not used the horizontal sizes.

In other words, common relationships relating the fundamental period to both height and horizontal size of building in the intended direction (SL) are not improving the performance of regression fits. It means that these kinds of formulas are not consistent with real building behavior in different countries, as it has been also observed by other authors. Eq.2 Eq.5 Eq.12 Eq.10 Eq.4

In the next part new formulas will be proposed to check their performance in order to find better formulas considering horizontal size of the building at the same time with height of buildings to estimate fundamental period of buildings in a more accurate way. These formulas can be used to find the weight of horizontal size for estimation fundamental period of building in each country.

New formulas taking into account the horizontal dimensions of the building

Based on previous approaches in which authors shows that linear relationship between H and T is showing better performance, ten different formulas (Table V-7) are proposed by adding three different variables to the height of the building (H) to verify if the performance of regressions increases when horizontal building sizes are introduced to the best formula (Eq. V-2). Of course, the introduction of the horizontal building sizes to Eq. V-2 can be done in different ways, by adding:

(1) The horizontal size of building, parallel to measured period direction (SL), Eq. i;

(2) The horizontal size of the building, orthogonal to the measured period direction (SW), Eq. ii;

(3) The both horizontal sizes of building (SL and SW), Eq. vii;

(4) The ratio SW/SL as shape indicator, Eq. iii;

(5) The precedent indicators, in a logarithm form for SW, SL. or the SW/SL ratio, Eq. iv, v, vi, viii, ix and x.

Eq. name Formula Eq. name Formula

Eq. i 𝑇 = 𝐶 1 𝐻 + 𝐶 The regression approach (Figure shows that Eq. ix in Spain, France, Lebanon, and Peru would lead to the best result while in Iran, shape ratio between SW and SL (Eq. iii) give the better results. However, the stronger weight still belongs to the height of the building. This weight varies from one country to another one: Peru (95%), Lebanon (94%), France (88%), Spain (85%), and Iran (85%). So, the impact of horizontal sizes on a fundamental period of the building is only marginal and can vary from 15% in Iran to only 5% in Peru. band is very close in the case of Peru (Figure V-13-C) as there is just 5% of the impact of horizontal sizes, while this distance is considerable in Iran with 15% of impact (Figure 

DISCUSSION AND CONCLUSIONS

The impact of horizontal building sizes should be probably related to the existence and layout of the shear wall and also infills that are not separated from frames correctly. The simplifying assumption of structural behavior cannot formulate this effect. It is worse noting that both horizontal sizes (longitudinal and transverse) have a specific impact on the fundamental period of buildings and not only the size in the intended direction, which was not shown by previous approaches. Moreover, the horizontal length of the building in parallel with the intended period direction (WL) has a relatively positive effect on building period in 2 countries (Spain and Peru) the contrary to its negative effect in the other two countries (Lebanon and France). It proves that the mentioned role should be investigated in each country to take into account the peculiar construction habits and materials. Finally, new relationships, based on the height and horizontal sizes of the building, allow to define the maximum impact of the horizontal dimensions of a building on empirical formulas that define the building behaviors. A seismic ambient noise measurement campaign was conducted in Tehran, in 2017 and 2018, on various buildings, including the two main Tehran building typologies: Reinforced Concrete (117 measurements) and Steel Frame buildings (117 measurements). Different correlations between the measured fundamental periods and the building geometrical parameters are investigated, concluding that linear formulas (Eq. V-2,3) better fit the experimental data than power form formula (Eq.V-4), including the formula used in the Iranian seismic code) or horizontal based formulas (Eq.

V-5). For Tehran buildings, two statistically different relationships are defined according to building typology:

• 𝑇 = Statistical analysis shows that, in Tehran (and as in many countries) the height of the building (or alternative number of floors of the building) has the most significant influence on the structure fundamental period determination. Moreover, as expected, Reinforced Concrete buildings are slightly stiffer than the Steel Frame buildings. Finally, comparing the formula fitting the best the Iranian RC buildings in-situ data, with formula coming from different countries for the same typology, it appears that the building periods in most other countries are strongly higher than the Iranian RC buildings.

This Tehran RC low period behavior cannot be interpreted as soil-building interaction, as Salameh et al. ( 2016) did for Beirut building, due to the hard nature of the soil in Tehran contrary to what is observed in Lebanese soils [START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF].

Accessible and large detailed datasets of AVT from five different countries give the possibility to check the impact of horizontal sizes of buildings on their fundamental period. At first, for the RC data building coming from these 5 different countries, it is clear that the best formula fitting the RC periodbuilding has for all cases a linear form: T=(C1/H)+b (see Table 1-6 and I-9, first raw). From this formula, I generate/test 10 new formulas that take into account the horizontal dimensions of the buildings (in different way) to verify if it is possible to optimize the T=C/H formula using at the same time the horizontal building dimensions. The insertion of horizontal terms in the formulas shows that the results are slightly better using the same formula for Spain, Lebanon, Peru and France RC buildings: T=C1H+C2logSL+C3SW+b, and another formula: T=C1H+C2(SW/SL)+b for Iranian RC building (see Table 123456789). However, these new formulas do not change strongly:

-the C1 factor (the weight of the height, see in red on Tab. I-9) that displays only very slight change using or not the horizontal sizes of the buildings;

-the coefficient of determination of regressions (R2, see in green on Tab. I-9), that is clearly improved, but in a marginal way. Table V-9. The formulas and their parameters that best explain the 5 datasets (including for each building: both horizontal frequencies, both horizontal sizes and the building height) coming from 5 different countries.

Country

Finally, and for RC buildings, when checking both the weight of the height parameter (H) and the weight of horizontal dimensions (SL and SW) in the Eq. iii (for Iran) or Eq. ix (for Spain, Lebanon, Peru and France) for period building determination, I obtain the following results:

-for Spain, the H parameter represents 85% of the period when the horizontal sizes of the building have a weight of 15%;

-for Lebanon, the H has a weight of 94% on the period when the horizontal sizes of the building only 6%;

-for Peruvian RC building, the H parameter represent 95% of the period when the horizontal sizes of the building have a weight of 5%;

-for French RC data, the H parameter has a weight of 88% on the period when the horizontal sizes of the building give a total weight of 12%, which is totally coherent with the horizontal weight given by [START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF] that was close to 13%;

-for Iranian data, H has a weight of 85% on the period when the horizontal sizes of the building give a total weight of 15%.

Then, it is obvious that the weight of the building horizontal sizes on the period determination is mainly marginal and strongly changing from a country to another. This impact of SL and SW on period is probably linked to national habits in construction methods and also to the material used for building construction.

VI. CONCLUSION, LIMITATION, AND PERSPECTIVE 1 CONCLUSION

Reducing structural losses and, consequently, human losses due to earthquakes is not possible unless site effects are realistically taken into account in current seismic building codes and seismic hazard assessments, that nowadays use mainly proxies of the 1D site response (1D site effects). However, many destructive earthquakes have occurred near cities located on alluvial valleys with potentially marked 2D/3D site effects. The main objective of current study is to identify and understand which indicators related to input ground motion at outcropping rock and sediments, site response, building location inside the valley and building typology control building damages and their spatial variation in 2D valleys. Therefore, a numerical approach is carried out to clarify the role of the 2D site effect on the differences in damage between 1D or 2D sediment and rock and between 2D and 1D sediments. This is the first step paving the route to include aggravation factors in prediction of building damage in 1D domain. To achieve these goals, the new approach proposed by Salameh ( 2016) is used to predict building damage by considering 1D and 2D site responses separately and simultaneously. The second and complementary objective of the present study is to test the method on a real case at the scale of the city. For this purpose, Tehran was chosen since it is located on an alluvial basin prone to large 2D/3D site effects and to likely with large magnitude earthquakes in the future. The main results obtained in this thesis are presented hereafter.

Numerical approach for building damages in 2D valleys

A large numerical database containing the input ground motion characteristics, the mechanical and geometrical properties of various 1D and 2D valleys, and the damages of buildings of different typologies located at various locations over the valleys was created. This database was derived by using a set of 17 different building typologiess (249 buildings from European and American building typologies proposed by [START_REF] Lagomarsino | Macroseismic and mechanical models for the vulnerability and damage assessment of current buildings[END_REF] Differences in damage between 2D and 1D sediments (DD2d1d) were found to be low to moderate (maximum under-or over-damage being of the order of 0.5) with, however, a significant variability whose level depends on the building location in the valley.

Study of asymmetric valleys outlines similar variation of mean DD2d1d with symmetric valleys except that no over-damage in DD2d1d is observed at the center of the valleys, due to the lack of constructive interference at the valley center of laterally propagating diffracted Love surface waves.

Finally, the sensitivity of DD1d and DD2d to different building types outlines that buildings with US characteristics show systematically lower values of DD1d and DD2d compared to European building types. As expected, masonry buildings show higher values of DD1d and DD2d compared to RC and SF buildings and, higher ductility class generally leads to lower level of DD1d and DD2d whatever the building type. The building typologies were found to have not impact the DD2d1d although their importance for DD1d and DD2d prediction that clearly indicates that generic 2D/1D damage aggravation factor models can be developed from the analysis of a single building typology.

Tehran's case study

To validate the numerical approach on a case study, Tehran was selected. Indeed, Tehran is located on an alluvial valley prone to large 2D or 3D site effects [START_REF] Haghshenas | Condition géotechnique et aléa sismique local à Téhéran[END_REF]. Existence of very close main active faults in addition to more minor faults inside the city makes The Tehran city as an attractive case study where accurate seismic hazard and vulnerability studies are crucial to mitigate seismic hazard. The estimation of dynamical parameters for Tehran buildings is the first step towards modeling the possible building damages in city scale. Therefore, two campaigns of single station ambient noise measurements have been carried out in Tehran in order to characterize building typologies and dynamical properties over the city.

Building characterization

267 measurements have been done on 249 building with two main structural types (SF and RC) and have allowed to derive a relationship between height of the building (as a geometrical proxy) and resonance period/frequency was derived:

𝑇 ≃ 𝑁 14.1

For SF buildings 𝑇 ≃ 𝑁 15.7

for RC building

Where N is the number of floors.

The comparison between building empirical relationship in Tehran and other available relationships in different cities in the world shows that both SF and RC buildings in Tehran are systematically softer (higher period) than others except buildings in Mexico City. Afterwards, the impact of other geometrical characteristics on resonance frequency/period was investigated using Tehran buildings characteristics and the available datasets in literature. We confirmed that the horizontal shape impact on resonance frequency of the building is not really significant. The marginal impact of horizontal shape has been however quantified and ranges from 5% in Peru to 15% in Iran and Spain. Finally, new relationships -with better performance compared to the published formulas for each building dataset -have been proposed to predict resonance period taking the horizontal shape of the building into acount:

Spain: T = 0.0141H + 0.0182log (SL) + 0.0002SW -0.0049

Lebanon: T = 0.0170H -0.0061log (SL) + 0.0017SW -0.0377 Peru: T = 0.0163H + 0.0048log(SL) + 0.0002SW -0.0055

Iran: T = 0.0223H + 0.0569 (SW/SL) -0.1

France: T = 0.0146H -0.007log(SL) + 0.0021SW -0.0499

where H is the height of the building and SL and SW are the horizontal sizes of the building, parallel and perpendicular to the measured period direction, respectively.

PERSPECTIVES AND LIMITATION

The short-term perspective of this study is to predict either DD2d or DD2d1d on the valley according to most relevant indicators using the artificial neural network (ANN). The use of ANN will also allow to quantify the exact weight of each relevant indicator for the prediction of the different DDs, and to test the performance of possible proxies to the various indicators. The results can then be used to perform tests in different urban areas impacted by past earthquakes (e.g. Mexico City) to validate the prediction method or to predict damage in case of future earthquakes in cities such as Tehran.

The parametric study clearly shows that an accurate estimation of the geometric characteristics of the valley such as slope angles (A1) and narrowness (S/W) as well as the fundamental frequency (f0) is crucial to predict the difference in 2D and 2D-1D (DD2d and DD2d1d) damage. For the application in Tehran, an extensive site characterization study of the basin is needed in order to step forward to the prediction of buildings damages for future earthquakes.

It is worth noting that the current study is based on some simplified assumptions and also limitations.

To overcome these limitations, we identify the following possible future studies:

-Current study is limited by the small range of some indicators and the use of vertically incident SH waves. For instance, there are only 4 discrete values available for slope angles, 6 different velocity profiles and only a few slope angle combinations for asymmetric valleys. Consequently, generalization of our results would require a larger range of variation of some indicators identified as controlling difference in damages and the exploration of the impact of incident SV waves as well as incident inclined SH and SV plane waves on difference in damages.

-The interpretations are based on linear soil response and buildings modeled as SDOF systems.

Soil non-linearity and MDOF buildings should definitely deserve some attention.

-As it was described in the methodology of creation of the database, the building responses are computed after generating different ground motions and injecting them into the buildings in two separate procedures. Therefore, this approach is not taking into account soil-structure interaction.

Some dedicated studies in 1D and/or 2D including soil-structure interaction would definitely be interesting to evaluate the robustness of the present study and related interpretation.
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  Figure I-1). These modifications of the seismic ground motion through their path to surface is called "site effect" and are known to have been controlling partially the distribution of buildings damages in several past major earthquakes (e.g. Mexico in 1985 and 2017; Kobe in 1995; Bam in 2002; Haiti in 2010; Christchurh in 2011; Gorkha in 2015).

Figure I- 1 .

 1 Figure I-1. Schematic view of seismic wave propagation from the source to the site (adapted from Kramer 1996).

Figure I- 2 .

 2 Figure I-2. Earthquake normalized demand spectrum for different exceedance probability for a given site(A) and different soil classification according to EC8 (B).

  earthquakes (Figure I-3A). Seismic codes are proposing design procedure and construction regulation to construct better earthquake-resistant building based on seismic hazard analyses in a region. However, either insufficient seismic hazard analyses or construction incompatibility with seismic regulation would also lead to building collapse and human casualties (Figure I-3B).
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 3 Figure I-3. Building damage during Bam earthquake (Iran) in 2003: Total collapse of adobe masonry building (A), extensive damage of Steel Frame with brace (B) adopted from
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 1 Figure II-1. Schematic description of a horizontal sediment layer overlaying a bedrock and the corresponding transfer function, resonance frequency f0 and amplification at the resonance frequency A0.
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 2 Figure reflected, and surface) in a time series of the waves in a valley using 2D simulation (A) Example of site-to-bedrock obtained in Grenoble city for a 2.5 Ml seismic event occurred 15 km far from the basin, (B) 1D transfer function and H/V ratio on microtremors(Cornou & Bard, 2003).

Figure

  Figure II-3. Ground motion duration lengthening (group delays) of the horizontal NS component in different frequencies (up) and correspond amplifications (middle) at stations distributed acrossthe valley from north to south (down) (from[START_REF] Beauval | Quantification of Frequency-Dependent Lengthening of Seismic Ground-Motion Duration due to Local Geology: Applications to the Volvi Area (Greece)[END_REF].

Figure II- 4 .

 4 Figure II-4. Comparison of site amplification (SSR) measured at GBP station with 3D, 2D, and 1D numerical prediction. (Top) comparison in terms of displacement time histories: recordings and 3D synthetics are rotated along the TT' or the LL' direction. (Bottom) comparison of SSRs with site amplification obtained by 3D, 2D (for both TT' and LL' cross-section)), and 1D modeling approaches. The right top map shows the location of sites used to compute SSRs[START_REF] Smerzini | Comparison of 3D, 2D and 1D numerical approaches to predict long period earthquake ground motion in the Gubbio plain, Central Italy[END_REF].

  65, 2D global resonance does occur (Figure II-5-A).

Figure

  Figure II-5. 2D presence of stationary seismic waves (2D resonance) or laterally propagating surface waves besides of 1D resonance as a function of shape ratio and velocity contrast: (A) the criterion proposition by[START_REF] Bard | The two-dimensional resonance of sediment-filled valleys[END_REF] and (B) the validity test on 14 Alpine valleys (squares with uncertainty intervals,[START_REF] Michel | Assessment of site effects in alpine regions through systematic site characterization of seismic stations[END_REF]. Site classification:2D (black), unclear (dark gray), and 1D (light gray).

Figure

  Figure II-6. (A) Normalized fundamental frequency f0/frs (f0 is the 1D resonance frequency at the center of the basin and frs is the 3D resonance frequency) as a function of the equivalent shape ratio (lo is half-width of the basin and h the basin thickness). (B) 3D/1D amplification as a function of shape ratio. Reproduced from Meza-Fajardo et al. (2017).

Figure II- 7 .

 7 Figure II-7. Comparison of F B 0/F01D ratio variation (where F B 0 denotes the 2D-S, 2D-SH, and 3D-S fundamental frequency as color legend) with the shape ratio (h/w) for different valley shape: (a) Elliptical (b) Rectangular and (c) Trapezoidal. (Kumar & Narayan, 2019).

Figure

  Figure II-10. Description of «Edge region, L1», «Near-Edge region, E» and Central region according to Zhu et al. (2018b).

  of deformation. The capacity curve is derived from engineering models or measurements for each building typology. The capacity curve includes two distinct parts: an elastic part (up to a displacement of dy) with mostly elastic behavior and an ultimate part (du) with plastic behavior of the building (Figure.

Figure II- 11 .

 11 Figure II-11. Schematic view of an equivalent elastoplastic SDOF of a structure and the corresponding capacity curve. It is worth noting that shear base force and displacement can be transformed into spectral acceleration and displacement. Lagomarsino & Giovinazzi, (2006) proposed to use the same shear base force (spectral acceleration) in both yield and ultimate part (fy=fu or au=ay) on the contrary of Hazus (FEMA, 2003), which proposed a different value for each of them(Figure II-12).

Figure

  Figure II-12. The capacity curve of RC building with moment frame for three height level in Hazus (A) and Risk-UE (B).

  7dy; -D1 (slight damage): For 0.7dy≤Dmax<1.5dy; -D2 (moderate damage): For 1.5dy≤Dmax<0.5(dy+du); -D3 (extensive damage): 0.5 (dy+du)≤Dmax<du, and -D4 (collapse): For Dmax≥du.

Figure

  Figure II-16. Example of displacement (top of the building) time series coming from different ground motion levels input (0.64, 1.78, and 3.35 m/s 2 ) for the same building (from Salameh 2016).

Figure

  Figure II-18. Synaptic weights of the three inputs in the ANN approach for the five different building typology classes: Masonry (Class1), RC non-designed (Class2), RC LDC (Class3), RC-MDC (Class 4), RC-HDC (Class5) (Reproduced from Salameh et al. 2017).

Figure

  Figure II-19. Performance of ANN in case of using different proposed proxy instead of the impedance contrast C, which gives an RMSE of 0.112. (Reproduced from Salameh, 2016).

Figure

  Figure II-20. Interpolated map of the damage increment computed for 7692 buildings in Beirutwith the neural network approach (model no. 2) for a rock PGA of 0.25 g, using a 100-m resolution. Mapping uses the Universal Transverse Mercator (UTM) coordinate system (Zone: 36). The blue line corresponds to the River of Beirut. The color code explained on the right corresponds to the damage increment between soil and rock. Only areas with data for both the soil and the building stock are considered (white zones correspond to regions with missing information-mainly building information) Final damage increment maps damage on the grounddamage on rock) resulting from the damage index (distribution in Beirut city for different values of PGA as an earthquake scenario indicator), from[START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF].

  1D and 2D site response. After selecting 60 synthetic accelerograms representative of various epicentral distances and magnitude ranges (step 1). The surface ground motions are computed at various locations for 1D and 2D valleys for only incident SH plane waves to finally extract various ground motion indicators (step 2). At the end, building damages for various building typology available in the literature are computed (step 3). This procedure is schematized in Figure III-1 and detailed in the following sections.

Figure

  Figure III-1. Schematic view of three steps of this study: from Source (1) to Building (3) through Path (2).

  These five different magnitudes (3, 4, 5, 6, and 7) and four different epicenter distances (10, 25, 50, and 99 km) lead to 60 unique representative incident ground motions. Some examples of accelerograms at outcropping rock are displayed in Figure III-2.

Figure III- 2 .

 2 Figure Example of accelerograms at outcropping rock (first row), their Fourier amplitude spectra in acceleration (second row), in velocity (third row) and in displacement (fourth row) for various magnitudes from 3 to 7 from left to right columns and at a 25 km epicenter distance (R).

  ground motion duration compared to PGA, and thus to surface ground motion duration lengthening expected to occur in 2D valleys (see Chapter II). Therefore, final PGAr vary from 0.0113 to 5.3009 m/s 2 (0.0011g -0.5403g) when IA ranges in between 0.00001 to 2.5892 m/s (Figure III-3). Finally, both indicators are stored in our database as variable, valid for rocky outcrops, since they can measure a given seismic motion strength on rock.

Figure

  Figure III-3. Distribution of incident ground motion characteristics at outcropping rock: PGA (A) and IA (B).

  Incident accelerograms are propagated through various 2D valleys, and then surface ground motion is computed at several receivers distributed along the valley. For that purpose, I have chosen the 2D valleys used in the EU-NERA project (Network of European Research Infrastructure for Earthquake Risk Assessment and Mitigation). Within the NERA project (2014), the JRA1 work package objective was to use extensive ground motion simulations in 2D valleys to derive aggravation factors that allow accounting for the difference in surface ground motion indicators between 2D and 1D site responses in the linear domain. For this purpose, a set of trapezoidal and triangular 2D valleys have been considered, covering a wide range of depths, widths, slope angles on each valley edge, and different S-wave velocity profiles (NERA Deliverable-D11.5, 2014). Both 1D and 2D site responses were then computed in the linear domain with at least 100 receivers at the ground surface for vertically incident pulse-like SV and SH plane waves (Figure III-4).

Figure

  Figure III-4. Example of time series and Fourier amplitude spectra for the input pulse (A, B), the output pulse in 1D (C, D) and 2D (E, F).

Figure

  Figure III-5. Schematic view of a trapezoidal valley with a definition of the geometrical variables.

  Figure III-6-A, B), while for models with a depth greater than 88.1 m, the geometries are the same, i.e., the depths of 120, 250, and 500 m have the same triangular geometry (Figure III-6-C). Therefore, to avoid duplication of one kind of geometry, only one model from the whole models with the same real depth is kept in my database.

Figure

  Figure Valley with 1 km width and 10° for both A1 and A2. H=30m (A), H=60m (B) and H=88.1 m (C). This last case (H=88.1m) occurs when H is greater than H=60m, meaning that the cases with H=120 m, 250, and 500m have the same geometry.

Figure

  Figure III-7. The six different VS profiles used in the NERA (2014) project.

  the case of symmetric valleys, the impulse responses computed at receivers located from the left edge to the center of the valley are similar to the responses computed at receivers located from the right edge to the center of the valley. Therefore, I consider only half of the receivers from the left edge to the valley center in symmetric valleys. In contrast, all the available responses in asymmetric valleys are considered.Following the proposition of[START_REF] Stambouli | 2D/1D aggravation factors: from a comprehensive study to estimation with a neural network model[END_REF], seven different zones are defined in the valleys to study the seismic response and related building damage of each zone separately (FigureIII-8). The definition of zones is based on the geometrical properties of the valley. For the edges of the valleys, i.e., on the slope areas, the zones are:-W2 and W1: these zones have the same width covering the left-edge of the valley. These zones always exist whatever the valley geometry (triangular or trapezoidal); -E2 and E1: these zones have the same width covering the right-edge of the valley. These zones always exist whatever the valley geometry.

Figure

  Figure III-8. Schematic view of the 4 geometrical types of valleys: trapezoidal (up) and triangular (Bottom), symmetrical (left) and asymmetrical (right) valleys with the description of different valley zones and geometrical variables.

  Figure III-7), but a different valley width (W). The smaller valley has a width of 500 m (model M727), while the wider valley has 10 km (model M295). To highlight the difference between the 1D and 2D impulse response on both valleys, I consider a common receiver on both models (Figure III-9 top, black dot/line): for both valleys, the distance (X) from the left edge is 100 m, and the local bedrock depth (D) is 100 m.

Figure

  Figure III-9. (top panel) The two selected valleys (in blue the large M295 model, in orange the narrower M727 model) with the position of the chosen receiver (black dot). (bottom panel) Vs profile below the selected receiver for both selected valleys, i.e., the same Vs profile in both cases. The selected valleys time impulse responses have been computed for both models in 1D (Figure III-10-A, B) and 2D (Figure III-10-C, D). For the 1D, except for the "inclusion" of many receivers in the valley flat part, the local responses are precisely the same in both M295 and M727 valleys if the receivers are located at the same place (same Xn) and, as expected, the 1D impulse response is the same in both models.

Figure

  Figure III-10. Impulse response time series for the larger valley (10 km width) M295 in 1D (A) and in 2D (C) and the smaller valley (500 m width) M727 in 1D (B) and 2D (D).

Figure

  Figure III-11. Individual transfer functions (see Figure III-9) for 1D case (for both M295 and 727 models, A) and 2D cases for M295 (B) and 727 (C). Note that for the 2D cases, the dominant frequency does not correspond to the lower frequency peak but to a higher frequency. Considering the whole valley scale, for the large-sized valley (M295, Figure III-12-A, C), the difference between the 1D TFs (Figure III-12-A) and the 2D TFs (Figure III-12-C) is observed only close to the edges of the valley while in the center of the valley, the difference between the 1D and 2D TFs is not significant. For the small-sized valley (M727, Figure III-12-B, D), the difference between the 1D TFs (Figure III-12-B) and the 2D TFs (Figure III-12-D) is significant at almost all receivers, as a consequence of 2D global resonance, the shape ratio of this valley being 0.5 and the velocity contrast very large (Ct=12). Interestingly, the M727-2D TFs at receivers close to the valley edges exhibit the most amplification at frequencies higher than the 1D fundamental resonance. This

Figure

  Figure III-12. The transfer function of the M295 model for both 1D (A) and 2D (C) and the M727 model for both 1D (B) and 2D (D) structures. Red dotes indicate the fundamental resonance frequency in 1D (f01d).

  -averaged velocities: Vs10, Vs30, and Vsm Most of our database sites exhibit time-averaged shear-wave velocity (Vs10, Vs30, Vsm) less than 300 m/s (Figure III-13), meaning mainly soft soils.

Figure

  Figure III-13. Distribution of time-averaged velocities using all the data from the 876 NERA valleys: Vs10(A), Vs30(B) and Vsm(C).

3. 6 . 2

 62 Velocity contrasts: Ct, Cb, and Cm Top velocity contrast (Ct) is equally distributed in six discrete values (2, 4, 6, 8, 10 and 12) (Figure III-14-A) while Cb and Cm are generally less than 4 (Figure III-14-B, C).

Figure

  Figure III-14. Distribution of the velocity contrast parameters using all the data from the geometrical characteristic of the 876 NERA models: Ct(A), Cm(B), Cb(C).

  , dominant frequencies, and amplification: f01D, A01d, fp2D, and Ap2D The fundamental resonance frequencies (f01d) in 1D mainly correspond to fundamental frequencies below 1 Hz (60% of the receivers) while only 10% of the receivers show fundamental frequencies over 4 Hz (Figure III-15-A).

Figure

  Figure III-15. Distribution of the resonance/dominant frequencies (A, B) and their corresponding amplitudes (C, D) in 1D structures (left panel) and 2D structures (right panel).For the dominant frequencies in 2D valleys (fp2d, Figure III-15-B), 50% range between 0.5 and 2, 40% are below 1 Hz, and 15% are larger than 4 Hz. It is clear that maximum amplification in 2D does occur in a frequency range shifted to a higher frequency than the 1D case.

  domain. An example is shown in Figure for M295 and M727 at a given receiver location (X=100 m and D=100 m, see Figure with an earthquake of magnitude seven occurring at 99 km epicentral distance.The total combination of 90,894 impulse site responses and 60 realistic earthquakes provides 5.4 million different input ground motions, which will be used to compute buildings damages.

Figure

  Figure III-16. (top panel) Transfer function at a given receiver location (see Figure III-9) for three models (M295, M727 and the corresponding 1D model); (middle panel) Fourier amplitude spectra of the earthquake; (bottom panel) Fourier amplitude spectra at the ground surface. Most of the PGAs computed at the ground surface range between 0.1 to 0.4 g (Figure III-17), i.e., with significantly higher PGAs than outcropping rock, resulting from 1D or 2D site effects. On the contrary, AIs (Figure III-17) at the ground surface is only slightly higher than AIs at outcropping bedrock.

Figure

  Figure III-17. Distribution of PGA (left panel) and AI (right panel) at the ground surface in 1D (green) and 2D (yellow) comparing to values on rock level (blue).

Figure

  Figure III-18.Values of PGA (A, B) and AI (C, D) at the ground surface in 1D and 2D compared to values at outcropping rock for two selected models (M295: A, C, and M727: B, D).

-

  Rbsa1d for the ratio between the amplitude of the transfer function at the building fundamental frequency (fb) and the 1D soil transfer function amplitude (A01d) at the fundamental 1D frequency (f01d), and; -Rsba2d for the ratio between the amplitude of the transfer function at the building fundamental frequency (fb) and the 2D soil transfer function amplitude (Ap2d) extracted at fp2d 2D frequency. Example of extraction of both Ab1d and Ab2d, from transfer functions in 1D and 2D, for the two selected M295 and M727 valleys are displayed in Figure III-19 using a high-rise steel frame building with RC shear-wall, from building class W07 having a resonance frequency of 0.8 Hz. The same building will be used in the next section related to the computation of the damage index.

Figure

  Figure III-19. Example of extraction Ab1d and Ab2d for two selected valleys on a selected building (high-rise SF building [W07 class] with RC shear-wall).

  Figure III-20-A, B). In contrast, permanent displacement indicates that the building entered in the plastic domain (Figure III-20-C, D). Moreover, buildings would collapse entirely if the building maximum top displacement reaches Du (Figure III-20-E, F). In Figure III-20, the top displacement of a high-rise steel frame building with RC shear-wall (building class W07) having a resonance frequency of 0.8 Hz is calculated for three given earthquakes: M4 -R10 km, M7 -R 99 km, and M7 -R 10 km) always on the selected site (Xn=100 m, D=100 m) on two same valleys: M295 and M727 (See.Figure III-9).

Figure

  Figure III-20. Top displacement of selected building (W07) under three earthquakes (M4-R10: A, B; M7-R99: C, D; M7-R10: E, F) in two selected valleys (M295: A, C, E and M727: B, D, F).

Figure

  Figure III-21. For the selected building and M727 valley, Damage Index (Di, purple line) and acceleration at the top of the building (black line) as a function of top displacement; and corresponding Di: 2.6 and 3 in 1D and 2D cases, respectively. Evaluation of top displacement (Ds) and Damage index (Di) of the selected building clearly shows the difference of impact of 1D and 2D valley response on building damages (Figure III-22):

Figure

  Figure III-22. Top building displacement (A, B) and Damage Index (C, D) as a function of distance from the left edge of the valley for a given W7 building type and the two valleys: M295(A, C) and M727(B, D).

A

  combination of 60 synthetic earthquakes with 90,894 site responses (1D and 2D) located on 876 synthetic valley models (149 distinct geometries with six different Vs profiles) provide a large set of input ground motion to inject into 249 different buildings of various typologies. The final damage index results show only a relatively small number of cases with Di=4 corresponding to building collapse. The most collapsed buildings correspond to European masonry buildings (W01) while American buildings with high ductility class design (W09, W13, and W17) show the best performance with no destruction (Figure III-23). In all building classes, most cases correspond to Di less than one that corresponds to "no damage" state whatever the building class (Figure III-24).Moreover, comparing RC buildings performance from European and American databases slightly shows a lower amount of destruction in the American database.

Figure

  Figure III-23. Percentage of building collapse (Di=4) in different building classes for the 1D and 2D cases and on rock level.

Figure

  Figure III-24. Distribution of damages for different building classes with RC structural system related to European building characteristics (A, C, E, G) and American building characteristics (B, D, F, H) with non-design (A, B), Low Ductility class (C, D), Medium Ductility class (E, F) and High ductility class (G, H).This predominance of Di<1 is observed whatever the site location in the all valley zones (Figure.

Figure

  Figure III-25. Distribution of damages in different valley zones (W2: A, W1: B, FW: C, and FC:D) for the High ductility RC European building class (W05).

  effects on building damage is the main objective of the current study which requires creation a comprehensive and extensive database including a lot of indicators (45) for 17 different building typologies. The building responses and the corresponding building damages have been computed by considering 249 building characteristics, site responses in 1D and 2D (for different valley characteristics), and 60 representative earthquakes. The methodology to build such a database has been presented in the current chapter. The available database is then used in the next chapter to identify the most relevant indicators that control the difference of damages: 1D-rock, 2D-rock and 2D-1D (DD1d, DD2d and, DD2d1d respectively) for symmetric, asymmetric valleys and for different building classes, and to better understand the spatial distribution of damages in valleys1 INTRODUCTIONIn Chapter 2, we have derived 36 indicators that describe the incident ground motion, the indicators of ground motion response in 1D and 2D valleys, geometrical and elastic characteristics of the valleys as well as the buildings damages for various typologies of buildings. Current chapter focuses first on extracting the most relevant indicators that control the difference of damages at receivers located on soil and outcropping rock (DD1d and DD2d) and the difference of damages at receivers located in 2D and 1D sedimentary valleys (DD2d1d). Second, I will explore the origin and underlying physical mechanisms that explain the various differences of damages as well as their spatial variation inside the valleys. To do so, I will first filter out the database in order to only keep damages that are relevant for my scientific goals. Afterward, a qualitative and quantitative inspection on the relationships between difference of damages (DDs) and various indicators will be addressed in order to identify key indicators that DD1d, DD2d, DD2d1d are most sensitive to. For the sake of simplicity, I will focus on one building class, W05 (RC building with high ductility class followingLagomarsino and Gioninazzi, 2006), only on symmetric valleys, and finally a comprehensive comparison between symmetric and asymmetric valleys and the sensitivity of the different building classes on the distribution of difference of damages (DDs) will also be considered at the end of the chapter

  Figure IV-1-B) and after (Figure IV-1-D) the filtering out illustrates that removing cases with Di1d and Di2d less than 1 at the same time corresponds to remove mainly incident accelerograms with PGA less than 0.05g. Histograms of Di1d, Di2d and DD2d1d are displayed in Figure IV-2 before (A, B, C) and after filtering out (D, E, F) Di values. From a sample distribution strongly biased to low Di (Di<1), the selection allows to reach more normal-wise distribution of Di1d and Di2d estimates. As regards as DD2d1d, the filtering out drastically reduces the number of samples with no difference of damages between 1D and 2D.

Figure IV- 1 .

 1 Figure IV-1. Percentage of buildings as a function of the damage index Di (1D, 2D, rock) before (A) and after Di filtering out (C) and as a function of PGA (Pgar, Pgas1d, Pgas2d) before (B) and after Di filtering out (D). Building class is W05.

Figure IV- 2 .

 2 Figure IV-2. Probability density function of damage differences Di1d, Di2d and DD2d1d before (A, B, C) and after Di filtering out (D, E, F). Building class is W05.

  Samples density before this spatial selection of receivers indicates samples with Xn>2 (i.e., in the central part of the valleys) to be over-represented compared to the ones located on the slope region corresponding to Xn<2 (Figure IV-3-A). After the spatial selection of receivers, the distribution of samples is more balanced between zones, although not perfect in-between receivers in the flat regions and the slope regions (Figure IV-3-B).

Figure IV- 3 .

 3 Figure IV-3. Distribution of samples in the initial database (A) and after keeping only the estimates located every Xn=0.1+/-0.1 (B) In order to evaluate the impact of the receiver's selection on the difference of damages indicators, the density distribution of DD1d and DD2d before and after selection is shown in Figure IV-4. While the selection did not significantly modify the distribution of DD1d (Figure IV-4-C) and DD2d (Figure IV-4-D), it was more effective to remove samples to avoid any over-representation, particularly in the

Figure IV- 4 .

 4 Figure IV-4. Probability density function of samples as a function of the damage differences in 1D, before (A) and after receivers selection (B); the damage differences in 2D, before (C) and after receivers selection (D); the damage differences between 2D and 1D, before (E) and after receivers selection(F). Building class is W05.

  Visual inspection procedure to verify the relation in between several indicators and differentDDs in all zones in a qualitative manner -Quantitative inspection to confirm visual inspection better investigate the correlation between the important indicators and the damages differences DDs and also to allow comparison between different zones and building classes.

2 .

 2 on identifying the key indicators related to the input ground motion, geometrical and elastic properties and site responses that significantly contributed to the following difference of damages: DD1d, DD2d and DD2d1d. Therefore, normalized 2D histograms of all indicators are produced as a function of DD1d, DD2d and DD2d1d and a visual inspection is done to assess sensitivity of each indicator on DD. The visual inspection can be categorized as follows: 1. No obvious effect indicates that whatever the variation of the indicator, no variation of DD values is observed; Clear effect indicates that a variation of the indicator will lead to a variation of DD; 3. Partial effect is related to indicators not included in categories 1 and 2: a variation of the indicator produces a variation of DD within specific range of DD only. The effects of indicators on DDs vary depending on the considered DD. For instance, there are some indicators with clear effect on DD2d and DD2d1d and no obvious effect on DD1d. The different available possibilities can be divided into 4 categories for a given valley zone (e.g., here for W2 zone): 1. Indicators with no obvious effect on all DDs. It is the case for the yield displacement Dy (Figure IV-5-A, B, C) for which any variation in the DDs values is observed when Dy varies. It means that Dy is not impacting DDs values; 2. Indicators with no obvious effect on DD1d, partial or clear effect on DD2d and DD2d1d. As example, DD1d values are the same whatever the A1 values (Figure IV-5-D), while increased value of A1 leads to a slight decrease of DD2d. (Figure IV-5-E). For DD2d1d cases (Figure IV-5-F), the variation of DD2d1d is unclear when A1 varies; 3. Indicators with partial or clear effect on DD1d and DD2d and no obvious effect on DD2d1d. This is the case for the PGAr parameter : larger PGAr leads to larger DD1d (Figure IV-5-G) and DD2d (Figure IV-5-H), while DD2d1d is not sensitive to PGAr (Figure IV-5-I); 4. Indicators with partial or clear effect on all DDs. As an example, DD1d, DD2d and DD2d1d Rsbf1d are highly sensitive to Rsbf1d (Figure IV-5-J, K, L).

  Figure IV-5 also outlines that the distribution of indicator values may take on very few values (e.g., A1, H/W, PGAr) or be almost continuous (e.g., Rsbf1d, S/W). In the following sections, I will present the results of the visual inspection for the 4 zones in the valley, the W05 building class only and the 36 indicators and then present a summary of visual inspection. Plots related to the other building classes are available in Appendix D.

Figure

  Figure IV-5. Sample-wised normalized distribution at each X-sample of damages differences DD1d, DD2d, DD2d1d as a function of Dy (A, B, C), A1 (D, E, F), Pgar (G, H, I) and Rsbf1d (J, K, L). Buildings class W05 and zone W2 are considered.

  Input ground motion indicators. The input ground motion indicators, namely Pgar and AIr, have very clear effect in W2 zone on DD1d (Figure IV-6, left panel) and DD2d (Figure IV-6, middle panel) while effect on DD2d1d (Figure IV-6, right panel) is not significant. This indicates that even if the impact of both indicators is clear on the 1D or 2D damages, they cannot explain the differences of damages between the 2D and the 1D soil structures. Same observation can be made in other valley zones and building classes (see Appendix D).

Figure

  Figure IV-6. Sample-wised normalized distribution of damages differences (DD1d, DD2d, DD2d1d) as a function of input ground motion: (A)Pgar and (B) AIr parameter (lower part), for W05 buildings class and W2 zone.

Figure

  Figure IV-7. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of: (A) the width of the valleys, W; (B) the depth of the valleys, H; (C) the left slope angle of the valleys, A1; (D) the valleys shape ratio, H/W; (E) the valleys narrowness ratio S/W. W05 buildings class and W2 zone are used.

Figure

  Figure IV-8. Sample-wised normalized distribution of damages difference DD1d, DD2d, DD2d1d as a function of: (A) distance from the left edge of the valley, X; (B) the bedrock local depth below the receiver, D; (C) normalized distance from the left valley edge, Xn. W05 buildings class and W2 zone are considered.

Figure

  Figure IV-9. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of: (A) Time-averaged Vs over the first 10 m, Vs10; (B) Time-averaged Vs over the first 30 m, Vs30; (C) Time-averaged Vs over the local bedrock depth, Vsm; (D) top velocity contrast, Ct; (E) bottom velocity contrast, Cb; (F) average velocity contrast, Cm. W05 buildings class and W2 zone are considered.

Figure

  Figure IV-10. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of: (A) 1D resonance frequency, f01d; (B) frequency of the maximum amplification in 2D, fp2d; (C) amplification at amplitude at f01d, A01d; (D) Amplification at fp2d, Ap2d. W05 buildings class and W2 zone are considered. The 4 site response indicators related to ground motion at the surface of the valleys: Pgas2d, Pgas1d, AI1d and AI2d. For the FC zone, the 1D and 2D indicators impact both DD1d (Figure IV-11-A and C, left panel) and DD2d (Figure IV-11-A to C, middle panel), while not significantly on DD2d1d (Figure IV-11-A to D, right panel).

Figure

  Figure IV-11. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of: (A) PGA at the ground surface in the 1D valleys, Pgas1d; (B) PGA at the ground surface in the 2D valleys, Pgas2d; (C) Arias intensity at the ground surface in the 1D valleys, AI1d; (D) Arias intensity at the ground surface in the 2D valleys, AI2d. W05 buildings class and FC zone are considered. Building indicators. Impact on the damages differences of the 5 building indicators (fb, Ay, Dy, Du and Dy/Du) results are displayed in Figure IV-12 for FC zone. These indicators do not show any obvious effects on all DDs.

Figure

  Figure IV-12. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of. (A) Building resonance frequency, fb; (C) the yield acceleration, Ay; (D) the yield displacement, Dy; (E) the ultimate displacement, Du; (F) the Dy/Du parameter. W05 buildings class and FC zone are considered. Coincidence between soil and building frequencies and related amplification. Two main indicators related to the coincidence of frequencies between soil and buildings are Rsbf1D and Rsbf2D. Note that Rsbf1D is the ratio between fundamental resonance frequencies of soil and building, while Rsbf2D is the ratio of the dominant frequency of soil (the frequency at which the maximal amplification occurs in the 2D SH transfer function) and the fundamental resonance frequency of buildings. Other indicators are also considered: the site amplification at the building frequency (Ab1d and Ab2d) and the ratio between the site amplification at the building frequency (Ab1d and Ab2d) and the site amplification at the fundamental resonance frequency in 1D (A01d) or the dominant frequency in 2D

Figure

  Figure IV-13. Sample-wised normalized distribution of damage differences DD1d, DD2d, DD2d1d as a function of: (A) the ratio between building and soil fundamental frequencies in 1D cases, Rsbf1d; (B) the ratio between building and soil dominant frequency in 2D cases, Rsbf2d; (C) the yield acceleration, Ay; (D) the yield displacement, Dy; (E) the ultimate displacement, Du; (F) the composite Dy/Du parameter. W05 buildings class and FC are considered.

  inspection, I have used a more quantitative approach by computing the mean and related standard deviation to better investigate the correlation between the important indicators and the damages differences DDs and also to allow comparison between different zones and building classes. Computation of mean and standard deviation first requires to investigate the data distribution type. Distribution of DD1d and DD2d usually follow a normal or a slight log-normal distribution depending on the indicator sample value as illustrated in Figure IV-14-A, B for the distribution of DD1d and DD2d as a function of Vs30, while DD2d1d most often follows a normal distribution (Figure IV-14-C). For the sake of simplicity, we calculated mean and standard deviation for all DDs and all zones assuming a normal distribution. In the following subsections, I will present the mean and standard deviation of all DDs as a function of the most relevant indicators identified from the visual inspection. The mean and standard deviations for the all indicators and all zones and for different building classes are shown in Appendix E.

Figure

  Figure IV-14. Box-plots related to distribution of DD1d (A), DD2d (B) and DD2d1d (C) as a function of Vs30. The blue boxes limits indicate the 25th and 75th percentiles. In this box, the red horizontal line is the median and the purple circle plus dashed lines represent the mean and its standard deviation. Black line limits indicate the outliers (1.5 times the interquartile range) and red crosses show outliers samples.

  Input ground motion indicators. Mean DD1d and DD2d indicate larger values for increased input ground motion intensity at outcropping rock (Pgar or AIr), except for the W2 zone (Figure IV-15-A, B, D and E). However, mean values of DD2d1d are not highly sensitive to the input ground motion intensity (Figure IV-15-C and F).

Figure

  Figure IV-15. Mean values of DD1d, DD2d and DD2d1d as a function of Pgar (A, B, C) and AIr (D, E, F). The standard deviation of DDs increases with Pgar and AIr (Figure IV-16-A, B, D and E), which indicates that the variability of difference of damages for more intense ground shaking are higher whatever the zone, with however a larger variability on the slope areas. Variability of DD2d1d is lower, especially for FC and FW zones (Figure IV-16-C and F). Being constant whatever the input ground motion shaking, it indicates that DD2d1d is not sensitive to input ground motion indicators.

Figure

  Figure IV-16. Standard deviation of DDs for input ground motion indicators. (Top panel) DD1d (A), DD2d (B) and DD2d1d (C) as a function of Pgar and (bottom panel) DD1d (D), DD2d (E) and DD2d1d (F) as a function of AIr.

Figure

  Figure IV-17. Mean DDs for the 4 zones: DD1d as a function of W (A), H (B), A1 (C), H/W (D) and S/W €; DD2d as a function of W (F), H (G), A1 (H), H/W (I) and S/W (J); DD2d1d as a function of W (K), H (L), A1 (M), H/W (N) and S/W (O).
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 18 compared to the other zones. Standard deviation of DD2d1d is sensitive to the geometrical indicators: increased W and H lead to lower variability (Figure IV-18-K and L) while increased A1, H/W and S/W indicators lead to higher variability (Figure IV-18-M, N and O).

Figure

  Figure IV-18. Standard deviations of DDs for the 4 zones: DD1d as a function of W (A), H (B), A1 (C), H/W (D) and S/W (E); DD2d as a function of W (F), H (G), A1 (H), H/W (I) and S/W (J) andDD2d1d as a function of W (K), H (L), A1 (M), H/W (N) and S/W (O).

  DD1d and mean DD2d do not show any sensitivity to a variation of the receiver location (X and D indicators), expect very close to the valley edge with a decrease of damage differences (Figure IV-19-A, B, D andE). The decrease in difference of damage is mainly due to the fact that the seismic ground motion is mainly amplified at high frequency near the valley edges, in a frequency range higher than the frequency range of W05 type buildings (fb ranging between 1.1 and 2.3 Hz for W05 type buildings). For W01 type buildings, which are the only building type with resonance frequencies in the high frequency range (between 2.1 and 6.5 Hz for W01 building type), the mean DD1d and mean DD2d keep being constant for Xn<1 except very close to the valley edges (Xn<0.2) (Figure IV-20). As a consequence, for W05 type building, the mean DD1d and mean DD2d increase as a function of Xn in W2 and W1 zones (Figure IV-19-C to F). For larger Xn, i.e., in FW and FC zones, mean DD2d exhibit a maximum around Xn=2 while mean DD1d is constant for Xn>2. The mean DD2d1d is not sensitive to variation of X and D, expect close to the valley edges. As concerns Xn, mean DD2d and mean DD2d1d are sensitive to this indicator for Xn close to 2, i.e., between W1 and FW zone, and for Xn close to 3.5, i.e., close to the valley center.

Figure

  Figure IV-19. For the 4 zones: mean DD1d as a function of X (A), D (B), Xn (C); mean DD2d as a function of X (D), D (E), Xn (F) and mean DD2d1d as a function of X (G), D (H), Xn (I).

Figure

  Figure IV-20. Mean DD1d and DD2d in the slope zones (W2, W1) as a function of Xn for all the building types

Figure

  Figure IV-21. For the 4 zones, standard deviations of: DD1d as a function of X (A), D (B), Xn (C); DD2d as a function of X (D), D (E), Xn (F) and DD2d1d as a function of X (G), D (H), Xn (I).

Figure

  Figure IV-22. Mean DDs for the 4 zones. (left panel) DD1d as a function of Vs10 (A), Vs30 (B), Vsm (C), Ct (D), Cb (E) and Cm (F); (middle panel) DD2d as a function of Vs10 (G), Vs30 (H), Vsm (I), Ct (J), Cb (K) and Cm (L) and (right panel) DD2d1d as a function of Vs10 (M), Vs30 (N), Vsm (O), Ct (P), Cb (Q) and Cm (R).

Figure

  Figure IV-23. Standard deviation of DDs for the 4 zones: (Left column) DD1d as a function of Vs10 (A), Vs30 (B), Vsm (C), Ct (D), Cb (E) and Cm (F); (middle panel) DD2d as a function of Vs10 (G), Vs30 (H), Vsm (I), Ct (J), Cb (K) and Cm (L) and (right panel) DD2d1d as a function of Vs10 (M), Vs30 (N), Vsm (O), Ct (P), Cb (Q) and Cm (R).

Figure

  Figure IV-24. Mean DDs for the 4 zones: (left panel) DD1d as a function of fp1d (A) and Ap1d (B); (middle panel) DD2d as a function of fp1d (C), fp2d (D), Ap1d (E) and Ap2d (F); (right panel) DD2d1d as a function of fp1d (G), fp2d (H), Ap1d (I) and Ap2d (J).

Figure

  Figure IV-25. Standard deviation of DDs for the 4 zones: (left panel) DD1d as a function of fp1d (A) and Ap1d (B); (middle panel) DD2d as a function of fp1d (C), fp2d (D), Ap1d (E) and Ap2d (F) and (right panel) DD2d1d as a function of fp1d (G), fp2d (H), Ap1d (I) and Ap2d (J). Surface ground motion indicators, there is no clear correlation between mean DD1d, mean DD2d and surface ground motion indictors: Pgas1d, Pgas2d, AI1D and AI2D (Figure IV-26-A to F). Mean DD2d1d does not also indicate correlation with the surface ground motion indicators, values being close to zero (Figure IV-26-G to J).

Figure

  Figure IV-26. Mean DDs for the 4 zones: (left panel) DD1d as a function of Pgas1d (A) and AI1d (B); (middle panel) DD2d as a function of Pgas1d (C), Pgas2d (D), AI1d (E) and AI2d (F) and (right panel) DD2d1d as a function of Pgas1d (G), Pgas2d (H), AI1d (I) and AI2d (J). The standard deviation (Figure IV-27) indicate a larger variability of all DDs compared to the variability related to the geometric and elastic indicators of the valleys and the receivers location (see Figure IV-21, Figure IV-23, Figure IV-25) with a trend of larger variability when Pgas1d or Pgas2d increase and AI1D, AI2D decrease (Figure IV-27-A-F). The standard deviation of DD2d1d (Figure IV-27-G to J) is also larger than for the geometric and elastic indicators of the valleys and the receivers location (see Figure IV-21, Figure IV-23, Figure IV-25), largest variability being observed in slope zones (W2, W1).

Figure

  Figure IV-27. Standard deviations of DDs for the 4 zones: (Left panel) DD1d as a function of Pgas1d (A) and AI1d (B); (Middle panel) DD2d as a function of Pgas1d (C), Pgas2d (D), AI1d (E) and AI2d (F) and (right panel) DD2d1d as a function of Pgas1d (G), Pgas2d (H), AI1d (I) and AI2d (J). Building indicators. Since the visual inspection did not show any obvious effect of building indicators on all DDs, these indicators are not considered in this subsection. Coincidence between soil and building frequencies and related amplification. Mean DD1d and DD2d are significantly correlated to Rsbf1d and Rsbf2d with increased difference of damages for Rsbf1d and Rsbf2d close to 1, 3, 5, … (Figure IV-28-A, B and E). Mean DD2d1d also exhibits significant variation (larger difference of damages) between 1 and 2 when considering Rsbf1d and between 0.8 and 2 when considering Rsbf2d (Figure IV-28-J to -K). As concerns Rsba ratios, mean DD1d and DD2d are not

Figure

  Figure IV-28. Mean DDs as a function of coincidence between soil and building frequencies and related amplification for the 4 zones: (left panel) DD1d as a function of Rbsf1d (A), Rbsa1d (B) and Ab1d (C); (middle panel) DD2d as a function of Rbsf1d (D), Rbsf2d (E), Rbsa1d (F), Rbsa2d (G), Ab1d (H) and Ab2d (I) and (right panel) DD2d1d as a function of Rbsf1d (J), Rbsf2d (K), Rbsa1d (L), Rbsa2d (M), Ab1d (N) and Ab2d (O).

Figure

  Figure IV-29. Standard deviations of DDs as a function of soil-structure parameters for the 4 zones: (left panel) DD1d as a function of Rbsf1d (A), Rbsa1d (B) and Ab1d (C); (central panel) DD2d as a function of Rbsf1d (D), Rbsf2d (E), Rbsa1d (F), Rbsa2d (G), Ab1d (H) and Ab2d (I) and (right panel) DD2d1d as a function of Rbsf1d (J), Rbsf2d (K), Rbsa1d (L), Rbsa2d (M), Ab1d (N) and Ab2d (O).

  , each colored cell corresponding to the sensitivity type between DDs : "not concerned" indicators for the selected DD. 3. Summary sensitivity of different DDs in the four zones of the valley to indicators variation. Green boxes indicate clear sensitivity, yellow boxes indicate partial sensitivity and red boxes represent no obvious sensitivity. Black boxes correspond to cases where no sensitivity study can be performed.

  outcropping rock (Figure IV-15-A, B, D and E). A positive correlation is also observed when considering the surface ground motion intensities at sediment sites (Figure IV-26-A, B, D and E). However, DD1d and DD2d are systematically lower in W2 zones compared to other zones (Figure IV-15 and Figure IV-26). All other building types show the same features, except W01 type buildings for which mean DD1d and DD2d in W2 zone are almost similar or only slightly lower than mean DD1d and DD2d in other zones, except very close to the valley edge (Figure IV-20,Appendix E). The decrease in difference of damages between soil and rock for W2 zone is primarily caused by a seismic ground motion mainly amplified at high frequency near the valley edges because of a shallower bedrock depth, in a frequency range higher than the frequency range of W05 type buildings (fb ranging between 1.1 and 2.3 Hz), on the contrary to W01 type buildings, which is the only building type with resonance frequencies in the high frequency range (between 2.1 and 6.5 Hz for W01 building type).Interestingly, the difference of damages between 1D and 2D valleys, DD2d1d, is very low and independent of the input ground motion intensities at outcropping rock or at sediments (Figure IV-15-C and F; Figure IV-26-G to J). The input ground motion intensities have also been observed as one ofthe key ingredients controlling the difference of damages between soil and rock[START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF]. Here, along with confirming the observation of[START_REF] Salameh | Using ambient vibration measurements for risk assessment at an urban scale: From numerical proof of concept to Beirut case study (Lebanon)[END_REF], I also show that difference of damages between 2D and 1D (DD2d1d) does not depend on the input ground motion intensities at outcropping rock and sediments.

  Figure IV-30-A and B displays increasing mean DD1d and DD2d with increasing Ct., as expected. However, a decrease of DD1d or DD2d is observed for Ct=12, consistently with a decrease of the Arias Intensity (Figure IV-30-D and E).

Figure

  Figure IV-30. Mean DD1d (A), DD2d (B), DD2d1d (C), AI1D/Air (D), AI2D/AIr (E) and AI2D/AI1D (F) as a function of Ct in all valley zones.

Figure

  Figure IV-31. Time impulse response (left panel) and Fourier amplitude spectra (right panel) at Xn=0.8 (i.e., in the W2 zone) for different Ct from 2 to 12 in 1D (blue line) and 2D (red line) sedimentary structures. The valley characteristics are: W=2500 m, H=500 m and A1=A2=45°.

Figure

  Figure IV-32. Time impulse response (left panel) and Fourier amplitude spectra (right panel) at Xn=0.8 (i.e., in the W2 zone) for different Ct from 2 to 12 in 1D (blue line) and 2D (red line) sedimentary valleys. The valley characteristics are: W=2500 m, H=500 m and A1=A2=10°.

Figure

  Figure IV-33. Schematic illustration of body-wave wedge effects. Ray tracing of vertically incident body-wave refracted at the sloping interface for (A) different velocity contrast Ct and (B) slope angle A1. Multiple reflection of body waves refracted at the slope interface is indicated by the magenta line in (A).

  this study the dominant frequency in 2D valleys (fp2D) corresponding to the frequency of the maximum site amplification was extracted instead of the 2D fundamental frequency. The main reason of such selection is that close to the valley edge in several valleys, extraction of the 2D fundamental frequency was extremely difficult and unsure. Figure IV-34 displays fp2D as a function of the local 1D fundamental resonance frequency (f01D)for the various valley zones. In the flat portion of the valleys (FW and FC zones) most of the fp2D are closed to f01D while the distribution of fp2D in slope zones W2 and W1 shows a larger number of samples with fp2D larger than f01D. It may be explained by the body wave wedge effects that lead to maximum amplification at higher frequency compared to the 1D local resonance frequency f01d.In 1D, maximum mean difference of damages between soil and rock (DD1d) is observed when Rsbf1d is equal to 1 and then at ratios equal to 3 and 5 whatever the valley zones and Ct (Figure IV-35-A to F). These results are consistent with Salameh et al. (2017) and witness the double resonance phenomena occurring when there is a coincidence between the resonance frequency of the building and the fundamental frequency of the soil (fundamental and/or other modes). Moreover, mean DD1d increases when Ct increase because of larger ground motion amplification at the resonance frequencies as illustrated in Figure IV-35-A to F which is in good correlation with the site transfer functions with frequencies normalized by the 1D resonance frequency f01d (Figure IV-35-G to L).

Figure

  Figure IV-34. Normalized sample-wised distribution of dominant frequency in 2D valleys (fp2d) as a function of local 1D fundamental resonance frequency (f01d) for the four valley zones (W2, W1, FW, FC).

Figure

  Figure IV-35. For Ct=2 to 12 (from top to bottom) and for the 4 zones, mean DD1d as a function of Rsbf1d (left panel) and 1D transfer function (ATF1D) as a function of frequency normalized by f01d (right panel). DD1d as a function of Rsbf1d for A: Ct=2; B: Ct=4; C: Ct=6; D: Ct=8; E: Ct=10 and F: Ct=12. 1D transfer function as a function of f/f01d for G: Ct=2; H: Ct=4; I: Ct=6; J: Ct=8; K: Ct=10 and L: Ct=12. In 2D valleys, mean DD2d is also larger for values of Rsbf1d close to 1 in central zone of the valley (FW and FC) (Figure IV-36-A to F), whereas for the slope zones (W2 and W1) the larger over-damage occurs for Rsbf1d larger than 1.2. As for the 1D sedimentary valley, the increase of Ct generates an increase of mean DD2d caused by larger site amplification. The 2D site amplification as a function of frequency normalized by the 1D resonance frequency (f01D) (Figure IV-36-G to L) outline that in the flat regions (FC, FW) 2D site amplification is maximum close to the fundamental and higher modes soil 1D resonance. On the contrary, the maximum 2D site amplification in the slope regions (W2,

Figure

  Figure IV-36. For Ct=2 to 12 (from top to bottom) and for the 4 zones: mean DD2d as a function of Rsbf1d (left panel): A: Ct=2; B: Ct=4; C: Ct=6; D: Ct=8; E: Ct=10 and F: Ct=12 and mean ATF2D (2D site amplification, fTF2d /f01d) as a function of normalized frequency f/f01d ratio (right panel): G: Ct=2; H: Ct=4; I: Ct=6; J: Ct=8; K: Ct=10 and L: Ct=12. The valley zones are indicated in color.

Figure

  Figure IV-37 For Ct=2 to 12 (top to bottom) and for the 4 zones, mean DD2d as a function of Rsbf2d (left panel): A: Ct=2; B: Ct=4; C: Ct=6; D: Ct=8; E: Ct=10 and F: Ct=12; and 2D site amplification (ATF2D, fTF2d /fp2d) as a function of normalized frequency f/fp2d ratio (right panel): G: Ct=2; H: Ct=4; I: Ct=6; J: Ct=8; K: Ct=10 and L: Ct=12. The valley zones are indicated in color.

  Figure IV-38-G to L) and thus lead to larger surface ground motion amplification at the building fundamental frequency (Figure IV-28-O) compared to 1D site amplification (Figure IV-28-N), and therefore larger DD2d1d. In other words, it means that buildings having a resonance frequency up to 2.5 times the local 1D resonance frequency may suffer damages due to the 2D site effects compared to 1D site effects, related to diffracted Love surface wave effects only. In slope regions, over-damages DD2d1d are observed for Rsbf1d between 1.5 and 2.5 (Figure IV-38-A to F), consistently with larger 2D amplification compared to 1D one (Figure IV-38-G to L), while under-damages are observed for Rsbf1d in between 0.5 and 1 most caused by depletion of energy at the 1D local resonance frequency related to 2D wedge effects. These interpretations are confirmed when looking at mean DD2d1d as a function of Rsbf2d and ratio between site amplification in 2D and 1D and frequency normalized by fp2d, simultaneously (Figure IV-39). No decrease of both mean DD2d1d and 2D/1D site amplification ratio are observed for Rsbf2d and f/fp2d close to 1. Interestingly, mean DD2d1d exhibit largest over-damage difference for Rsbf2d ranging between 1 and 2 in all valley zones except for Ct=2 (Figure IV-39-A to F). This over-damage confirms the role of edge-generated diffracted Love surface waves in amplifying the seismic ground motion over a wide frequency range beyond the dominant frequency (Figure IV-39-G to L). Finally, for all zones, DD2d1d or the 2D/1D site amplification are correlated to Ct values: DD2d1d or the 2D/1D site amplification increase when Ct increases from 2 to 6, while for Ct>6, DD2d1d or the 2D/1D site amplification are almost similar (Figure IV-38 and Figure IV-39). Interestingly, the 2D/1D site amplification is larger on the slope regions (W2 and W1) compared to the flat regions (FW and FC) especially when considering Rsbf1d and f/f01d indicators (Figure IV-38), leading to larger DD2d1d.

Figure

  Figure IV-38. For Ct=2 to 12 (top to bottom) and for the 4 zones, mean DD2d1d as a function of Rsbf1d (left panel): A: Ct=2; B: Ct=4; C: Ct=6; D: Ct=8; E: Ct=10 and F: Ct=12; and 2D/1D site amplification ratio as a function of frequency normalized by f01d (right panel): G: Ct=2; H: Ct=4; I: Ct=6; J: Ct=8; K: Ct=10 and L: Ct=12. The valley zones are indicated in color.

Figure

  Figure and for the 4 zones, mean DD2d1d as a function of Rsbf2d (left panel): A: Ct=2; B: Ct=4; C: Ct=6; D: Ct=8; E: Ct=10 and F: Ct=12; and 2D/1D site amplification ratio as a function of frequency normalized by fp2d (right panel): G: Ct=2; H: Ct=4; I: Ct=6; J: Ct=8; K: Ct=10 and L: Ct=12. The valley zones are indicated in color.

  valley with larger values for Xn close to 2 (i.e., for receivers close to the intersection between slope zone W1 and flat portion of the valley FW) or Xn close to 3.5 (i.e., for receivers at the valley center) (Figure IV-20-F to I). For DD2d1d, it is noticeable that close to the border, i.e., Xn<1 (W2 zone), there is no difference between the 1D and the 2D mean damages (Figure IV-20-I) but larger variability compared to the flat zones of the valleys (Figure IV-21-I). In order to better understand the spatial variation of DD2d1d in the valley, I will focus on the effects of the valleys edge slope angle (A1) and the narrowness of the valleys (S/W).

Ct

  . Although less clear, such observations can also be made for W1 zone and largest Ct (Figure. Mean DD2d1d in the flat zones (FW, FC), are found to be insensitive to the slope angle and close to 0. The under damage in 2D compared to 1D in the slope zones is most probably controlled by depletion of energy caused by 2D wedge effects combined with the W5 building limited frequency range.

Figure-

  Figure IV-40. Mean DD2d1d and related standard deviations as a function of slope angle (A1 in degrees) for different Ct values in different valley zones: W2 (A), W1 (B), FW (C) and FC (D). When displaying mean DD2d1d as a function of Xn for various slope angles (Figure IV-41A and B), it can be observed that the maximum mean DD2d1d is located at Xn equal to 2 for gentle slopes valleys (A1=10° and 20°), consistently with large 2D/1D ratio of Arias Intensity (Figure IV-41E and F). For higher slope angles (A1=45° and 65°, Figure IV-41C and D), mean DD2d1d is maximum at Xn=2 and decreases for receivers located at Xn less than 2 with evident lower 2D damages compared to the 1D damages at receivers located closer to the valley edge (Xn< 1, i.e., in W2 zone). The negative DD2d1d close to the edge is related to the depletion of energy as witnessed by the 2D/1D ratio of Arias Intensity (Figure IV-41G and H) on the valley slope due to wedge effects. In order to better understand this under-damage close to the valley edge, Figure IV-42 displays mean DD2d1d as a function of RSbf2d for the slope angles 10° and 65°. While for 10° slope angle, mean DD2d1d exhibit maxima for RSbf2d

(

  Figure IV-42, right panel). This is probably in relation with the efficiency of large slope angle valleys to excite Love surface waves compared to small slope angle valleys (Molina-Villegas et al., 2018).

FigureFigure

  Figure IV-41. For different slope angles and for different Ct (in color), mean DD2d1d (left panel) as a function of Xn: A: 10°; B: 20°; C: 45° and D: 65°, and AI2D/AI1D (right panel) as a function of Xn: E: 10°; F: 20°; G: 45° and H: 65°.

Mean

  DD2d1d has been found to be sensitive to the narrowness of the valley S/W (Figure IV-18).

2 (

 2 Figure IV-43 displays mean DD2d1d in different zones of the valley and for different values of Ct as a function of S/W. Narrower is the valley (large S/W ratios) and larger is Ct, larger is mean DD2d1d particularly in the central parts of the valley (FW and FC zones). To focus more on narrowness effect, I considered two cases: very broad valleys with S/W less than 0.1 and narrow valleys with S/W more than 0.Figure IV-44). Narrow valleys exhibit larger 2D effects in terms of 2D/1D ratio of Arias Intensity and mean DD2d1d whatever the slope angle and the zone, except for zones W2 and W1 for 10° angle slope and Xn < 2 (Figure IV-44).

Figure

  Figure IV-43. Mean DD21d as a function of valley narrowness (S/W) for different Ct values indicated in colored lines. A: in W2 zone; B: in W1 zone; C: in FW zone and D in FC zone.

FigureFigure

  Figure IV-44. For different slope angles and for 2 different S/W (less than 0.1 in red and high than 0.2 in blue): mean DD2d1d (left panel) as a function of Xn: A: 10°; B: 20°; C: 45° and D: 65°, and AI2D/AI1D (right panel) as a function of Xn: E: 10°; F: 20°; G: 45° and H: 65°.

Figure

  Figure picture out the variability of DD2d1d, which is significant on the valley edges for largest slope angles (45° and 65°) while it is relatively low in the flat parts of the valleys. On the contrary, variability of the DD2d1d appears to be more "uniformly" distributed between edge and flat zones of the valleys for slope angle of 20° and only concentrated in the flat zones of the valley for the lowest slope angle of 10°.

Figure

  Figure IV-45. Mean DD2d1d (in color) as a function of S/W and Xn for different values of: Ct (from 2 to 12, horizontal lines) and A1 (from 10° to 65°, vertical lines).

Figure

  Figure IV-46. Standard deviations of DD2d1d (in color) as a function of S/W and Xn for different values of: Ct (from 2 to 12, horizontal lines) and A1 (from 10° to 65°, vertical lines).

  Figure IV-41), the lowest DD2d1d (Figure IV-47-A and B) is located over the steepest slope of the valleys (E1 and E2 zones), corresponding to a slope angle of 65°, that also exhibits the lowest 2D/1D Arias Intensity ratio (Figure IV-47-B and C). Moreover, on the left edge of the valleys (W2-W1) with slope angles of 10° (Figure IV-48-A) or 20° (Figure IV-47-B), we have the same behavior as for symmetric cases, i.e., no over or under-damaging. The maximum mean DD2d1d occurs close to the valley edge intersection (Xn=2 from the left edge and Xn=5, i.e., Xn=2 from the right edge) corresponding also to larger 2D/1D Arias Intensity ratio. Another interesting feature is that no large DD2d1d is observed at the center of the asymmetric valleys (Figure IV-47-A and B) contrary to what can be observed on symmetric valleys (Figure IV-41-A, B and D).This can be explained by no constructive interference at the valley center of laterally propagating diffracted Love surface waves from each valley edge due to the asymmetry of the valleys. It is also worth noting that the mean DD2d1d above the right edge (E1 and E2 zones) are lower than the mean DD2d1d observed for the same slope angle in symmetric valleys (Figure IV-41).

Figure

  Figure IV-47. For asymmetric valleys, mean DD2d1d (left panel) and AI2D/AI1D (right panel) for different slope angles in the left part of the valleys and different Ct as a function of Xn. (A) A1=10°; (B) A1=20°; (C) A1=10° and (D) A1=20°. The slope angle of the right part of the valley is 65°.
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 2 S/W>0.2 corresponding to narrow valleys. The result shows largest mean DD2d1d in central region of the valley for the narrow valleys compared to the broad ones (Figure IV-48-A and B). Moreover, narrow valley with steeper slope (A1 equal to 20° comparing to 10°) shows higher mean DD2d1d not only in central region but also in both slope regions, consistently with larger 2D/1D Arias intensity ratio (Figure IV-48-C and D). This indicates that the combination of steeper slopes with more narrowness (higher A1 and S/W) leads to an overall higher DD2d1d in all valley zones although negative DD2d1d in slope region is still the case for steep slope.

Figure IV- 48 .

 48 Figure the means of DD2d1d (left) and AI2D/AI1D (right) for S/W ratio over 0.2 (red curves) or lower than 0.1 (blue curves) as a function of Xn. A: DD2d1d for 10°; B: DD2d1d for 20°; C: AI2D/AI1D for 10° and D: AI2D/AI1D for 20°.

Figure

  Figure IV-49. Mean DD1d (left panel) and related standard deviations (right panel) for different building types as a function of Xn for: (A, D) masonry buildings; (B, E) RC buildings and (C, F) SF buildings.The mean values of DD1d, for the three different building categories, as a function of Xn shows that increasing the ductility class from low to high will lead to lower values of the damage difference in

FigureF

  Figure and related standard deviations (right panel) for different building types as a function of Xn for: (A, D) masonry buildings; (B, E) RC buildings and (C, F)SF buildings.

Figure

  Figure and standard deviations (right column) of DD2d1d for different building types as a function of Xn for: (A, D) masonry buildings; (B, E) RC buildings and (C, F)SF buildings.

Figure V- 1 .

 1 Figure V-1.Geological and tectonic settings of Tehran: (A) Geological map of Tehran adapted from Shirzad & Shomali (2014), and (B) Position of faults and historical earthquake epicenter location in Tehran area adapted from Firuzi et al. (2019).

  population increase over decades is one of the main features of this city. The population has been multiplied by two in Tehran in the last 40 years (Figure V-2). The mentioned increase of population urges needs for constructing new buildings and re-construction of old edifices with new apartments due to limited buildable area in the city. Wooden structures with mud bricks filling, steel frame without lateral elements, and structures with steel beams and brick load-bearing walls (semi-steel) were the primary type of buildings in Tehran before fast development in the last 40 years.

Figure V- 2 .

 2 Figure V-2. Population of Tehran over 60 years according to Iranian National Census. (https://www.amar.org.ir, in Persian, last accessed August 2019).Therefore, to be consistent with the worldwide construction development and for the 4 last decades, the new generation of buildings in Tehran are, on the one hand, reinforced concrete buildings (RC) and, on the other hand, Steel frame buildings (SF), both with stronger earthquake-resistant elements implementation. From Iranian national censuses, which are updated every ten years (TableV-2), it

  Figure V-4-A), and 117 Reinforced Concrete buildings (RC, Figure V-3 and Figure V-4 -B).

Figure

  Figure V-3. Distribution of surveyed buildings in Tehran. Blue dots represent the measurements done on Reinforced Concrete building (RC), and the red dots represent the measurements made on Steel Frame (SF) building. Black lines indicate the municipal district borders.

Figure V- 4 .

 4 Figure V-4. The two main building typologies in Tehran: Steel Frame building (without in-fills) (A) and Reinforced Concrete building (B).

  Figure V-5-A). Despite a lack of GIS data and entrance authorization difficulties, in our dataset, we could manage to test enough building in for each category the number of buildings and the representativeness of the number of floors to be coherent with the Tehran building proportion (Figure V-5-B).

Figure V- 5 .

 5 Figure V-5. Surveyed SF buildings (red) and RC (blue) buildings in Tehran: distribution of the year of construction (A) and the number of floors (B).

  modes (or two orthogonal ones) can have higher amplitude at a lower frequency, leading to false interpretation (Figure V-6-A, B). In the displayed case (Figure V-6-A, B), the first 3.1 Hz (Figure V-6-A, for longitudinal direction) and 2.2 Hz (Figure V-6-B, for transverse direction) frequencies observed are coming from a taller building attached to the measured one. However, increasing the height of the building would lead to higher amplitude of peaks (easier to identify) as shown for mid-rise buildings (Figure V-6-C, D) and high-rise buildings (Figure V-6-E, F), comparing to low rise building (Figure V-6-A, B). On the velocity spectral curves, there are obviously other peaks at higher frequencies that can be defined as higher modes (Figure V-6-A, to F).

Figure V- 6 .

 6 Figure V-6. Example of Fourier amplitude spectral curves obtained for three RC buildings along longitudinal (left) and transverse (right) directions: A-B: 3-floors building, C-D: 6-floors building, and E-F: 12-floors building. Black continuous line: averaged spectral amplitude, dashed line: standard deviation. The gray zones: the range of the peak frequency standard deviations.

  verify this hypothesis, we first analyzed the distribution of horizontal dimensions of the surveyed buildings in Tehran. Both SF (FigureV-7-A) and RC (FigureV-7-C) buildings exhibit mainly a rectangular shape with an elongation that can exceed 1:4. However, the transverse versus longitudinal periods plots 

Figure V- 7 .

 7 Figure V-7. Buildings parameters distributions for the whole dataset: the length-width relationship for both Steel Frame (A) and Reinforced Concrete buildings (C) and the transverse period versus longitudinal period for both SF (B) and RC buildings (D).

  Figure V-8-A) and RC (Figure V-8-B) buildings. It can be observed that RC buildings are slightly stiffer than SF ones (caused by the more rigid nature of concrete compared to steel material). Comparison between linear and power formula points out that they are showing almost the same performance for buildings with floor ranging in-between 8 to12 floors, while the performance of linear formula is better for buildings outside this range. In other words, related errors are increasing, notably considering power law formula for buildings higher than 12 floors or less than eight floors.

Figure V- 8 .

 8 Figure V-8. Predicted resonance periods for Steel Frame (A) and Reinforced Concrete buildings (B) using linear formula (red curve, Eq. V 2 and V-3) and power-law formula (blue curve, Eq. V-4) comparing to the Iranian code provision (black line). For both A and B, the dashed lines represent 2σ range.

  Figure V-9-B).

Figure V- 9 .

 9 Figure V-9. Comparison of periods-floors number formula for Tehran buildings in-situ measurement with formula coming from different countries (separated by continent). B: comparison between Iranian code periods with the Tehran building periods in-situ measured forReinforced Concrete (in blue) and Steel Frame building (in red).

  All buildings except moment-resisting frames India (IS, 1984, 2002) Other structures: not moment-resisting frames without bracing or shear wall for resisting lateral loads Canada (NBCC, 1995) Other structures: not moment-resisting frames Algeria (RPA, 1988) Steel and RC moment resisting frames with masonry infills and partial or total RC shear walls braced frames and masonry walls Korea (KBC, 1988) RC buildings with shear-wall dominant systems EC8 (2004)Other structures

(

  longitudinal and transverse), and the authors do not observe any discernible difference, they use both periods in single database for regression:[START_REF] Oliveira | Fundamental periods of vibration of RC buildings in Portugal from insitu experimental and numerical techniques[END_REF] in Portugal,[START_REF] Michel | Comparison between seismic vulnerability models and experimental dynamic properties of existing buildings in France[END_REF] in France,[START_REF] Guillier | Establishing empirical period formula for RC buildings in Lima, Peru: Evidence for the impact of both the 1974 Lima earthquake and the application of the Peruvian seismic code on high-rise buildings[END_REF] in Peru or[START_REF] Salameh | Seismic response of Beirut (Lebanon) buildings: instrumental results from ambient vibrations[END_REF] in Lebanon.

Figure

  Figure V-10. For the whole database, the horizontal sizes building distributions and the longitudinal and transverse building periods. The horizontal dimensions (width vs. length) of the building for Spain (A), Iran (B), France (C), Lebanon (D) and Peru (E), and the two horizontal periods (transverse vs. longitudinal.) of the buildings coming from Spain (F), Iran (G), France(H), Lebanon (J) and Peru (K).

Figure

  Figure V-12.Performance of proposed formulas for the 5 different countries

Figure V- 13

 13 Figure V-13 represents the upper band and lower band of the proposed formula considering the maximum and minimum value of horizontal sizes (SL and SW) in each country. The lower and upper

France
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  and Hazus(FEMA,2003) excited by ≈5.4 million ground motion synthetics. These ground motions were obtained by using 90,894 impulse time responses (in 1D and 2D valleys) simulated -during the European NERA project[START_REF] Nera | Code cross-check, computed models and list of available results[END_REF] -for vertically incident SH waves in 149 sedimentary valleys of variable geometries and mechanical properties convolved by 60 accelerations representative of a various range of epicentral distancemagnitude following the method proposed by[START_REF] Sabetta | Estimation of response spectra and simulation of nonstationary earthquake ground motions[END_REF]. In the end, about 1.4 billion combinations of building responses and all the corresponding indicators (45) related to input ground motion, valley geometrical and elastic properties, building location inside the valleys and 17 building characteristics were gathered in a single database. Mentioned database provided the possibility to study the impact of each indicators on the differences in damage between 1D soil and rock (DD1d), 2D soil and rock (DD2d) and between 2D and 1D sediments (DD2d1d). After filtering out the database from non-relevant samples to our purposes, the sensitivity of various DDs (DD1d, DD2d and DD2d1d) to variation of each indicator was checked in order to identify the most relevant indicators that control the various DDs : PGA and Arias Intensity (AI) at outcropping rock, top velocity contrast (Ct) between the surface and the bedrock, valley edge slope angle (A1), valley narrowness (S/W), normalized building location in the valleys (Xn), coincidence of building resonance frequency and 1D fundamental resonance frequency (Rsbf1d) or 2D dominant frequency (Rsbf2d), site amplification at building resonance frequency in 1D (Ab1d) and 2D valleys (Ab2d). The sensitivity study was performed using one building class, W05 (RC building with high ductility class followingLagomarsino and Gioninazzi, 2006), and the symmetric valleys. Afterwards, a comprehensive analysis of the correlation between various DDs and selected indicators led to the following conclusions: Input ground motion intensities in terms of PGA and AI at outcropping rock and Ct definitely control the difference of damages between soil and rock (DD1d, DD2d), maximum mean difference in damages DD1d and DD2d being controlled by the coincidence of buildings and soil resonance frequency for 1D valley or soil dominant frequency for 2D valleys whatever the building location in the valley;• For the difference of damages between 2D and 1D sedimentary values, most of the mean overdamages occur at frequencies beyond the 1D fundamental resonance or beyond the 2D dominant frequency. This over-damage is caused by multiple reflections of diffracted body waves in the valley edge and diffracted Love surface waves at the valley edges that laterally propagate in the valleys and amplify the surface ground motion in a wide frequency range beyond the site resonance or resonant frequencies. This surface waves trapping effects is especially efficient in narrow valleys (S/W > 0.2) having a large slope angle;• DD2d1d is spatially variable in the 2D valleys with systematic over-damages close to the valley edge intersection whatever the top velocity contrast Ct and the valley narrowness (S/W) caused by focusing effects due to the constructive interference of waves diffracted at valley edges and the vertically incident SH waves. Over-damages are also observed in the valley center, especially in narrow valleys, as a consequence of constructive interference of laterally propagating edgediffracted Love surface waves. On the contrary, lower-damages occur in the slope region of the valley, especially for larger valley slope angles, that may be caused by a significant depletion of energy over a wide frequency range due to wedge effects in the slope region.
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  : Low Ductility Class (LDC), Medium Ductility Class (MDC), High Ductility Class (HDC). Hazus (FEMA, 2003) defined more building types relating to different construction material: wooden, Steel Frame (SF), RC, precast concrete, masonry structures, and mobile homes as these typologies are more common in US than in EU. Steel Moment

frame, Braced Frame, Light Frame, Steel Frame with cast-in-place concrete shear walls, and Steel Frame with unreinforced masonry infill walls are different SF types. Concrete moment frame, shear walls, and Concrete frame with unreinforced masonry infill walls are different RC types (Table II-3).
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 III 2. The six combinations of slope angles couples in the left (A1) and right (A2) side.

Table III

 III Different parameters that can characterize dynamical building behavior have been provided through the Hazus dataset and Lagomarsino dataset. These parameters are available for all 249 buildings:

	Building class No.	Dataset	Description	Design regulation	Number of buildings
	W01	Lagomarsino	Masonry	all	51
	W02	Lagomarsino	RC	ND	9
	W03	Lagomarsino	RC	DCL	27
	W04	Lagomarsino	RC	DCM	27
	W05	Lagomarsino	RC	DCH	27
	W06	Hazus	SF	Pre-Code	12
	W07	Hazus	SF	Low-Code	12
	W08	Hazus	SF	Moderate-Code	9
	W09	Hazus	SF	High-Code	9
	W10	Hazus	RC	Pre-Code	12
	W11	Hazus	RC	Low-Code	12
	W12	Hazus	RC	Moderate-Code	9
	W13	Hazus	RC	High-Code	9
	W14	Hazus	Masonry	Pre-Code	7
	W15	Hazus	Masonry	Low-Code	7
	W16	Hazus	Masonry	Moderate-Code	5
	W17	Hazus	Masonry	High-Code	5
			SUM		249
	Table III-4.Description of building classes and the number of buildings in each class
	5.1 Building characteristics			
	fb: Fundamental resonance frequency			
	Ay: Acceleration at yield state			
	Au: Acceleration at the ultimate state			
	Dy: Yield displacement				
	Du: Ultimate displacement				

-4). By using 5.4 million different input ground motion, 1.35 billion different building responses are computed.

  Table III-8).

	Category	Name	Description
	Input ground motion	Pgar	Pga on rock
		AIr	Arias Intensity on rock
		W	Width of the valley
		H	Depth of the valley
		A1	Left slope angle
	Site geometrical	H/W	Shape ratio
	characteristic	S/W	The narrowness of the valley
		X	Receiver distance from the edge
		Xn	Normalized Receiver distance
		D	Local depth of bedrock
		Vs10	Average S-wave velocity in the first 10m
		Vs30	Average S-wave velocity in the first 30m
	Site Dynamical	Vsm	Average S-wave velocity
	characteristics	Ct	Top impedance contrast
		Cm	Average impedance contrast
		Cb	Bottom impedance contrast
		fp1d	Peak frequency in 1D
		fp2d	Peak frequency in 2D
		Ap1d	TFs-1D amplitude in fp1d
		Ap2d	TFs-2D amplitude in fp2d
	Site response	Pgas1d	Pga on ground level 1D domain
		Pgas2d	Pga on ground level 2D domain
		AI1d	Arias Intensity on the ground level in 1D
		AI2d	Arias Intensity on the ground level in 2D
		fb	The resonance frequency of building
		Ay	Yield acceleration
	Building characteristics	Au	Ultimate acceleration
		Dy	Yield displacement
		Du	Ultimate displacement
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	Category	Name	Description
		Ds1d	Maximum top displacement of the building on 1D soil
		Ds2d	Maximum top displacement of the building on 1D soil
		Dsr	Maximum top displacement of the building on the rock
		Di1d	Damage index (Di) of the building on 1D soil
	Building damages	Di2d	Damage index (Di) of the building on 2D soil
		Dir	Damage index (Di) of the building on rock level
		DD1d	Damage difference between 1D soil and rock
		DD2d	Damage difference between 2D soil and rock
		DD2d1d	Damage difference between 2D soil and 1D soil

6. Description of indicators stored in the database.

Table III -

 III 7.Description of indicators related to building response stored in the database.

	Building class	Dataset	Description	Design regulation	Symmetric valleys	Asymmetric valleys
	W01	lagomarsino	Masonry	all	137,700,000	140,435,640
	W02	lagomarsino	RC	ND	24,300,000	24,782,760
	W03	lagomarsino	RC	DCL	72,900,000	74,348,280
	W04	lagomarsino	RC	DCM	72,900,000	74,348,280
	W05	lagomarsino	RC	DCH	72,900,000	74,348,280
	W06	Hazus	SF	ND	32,400,000	33,043,680
	W07	Hazus	SF	DCL	32,400,000	33,043,680
	W08	Hazus	SF	DCM	24,300,000	24,782,760
	W09	Hazus	SF	DCH	24,300,000	24,782,760
	W10	Hazus	RC	ND	32,400,000	33,043,680
	W11	Hazus	RC	DCL	32,400,000	33,043,680
	W12	Hazus	RC	DCM	24,300,000	24,782,760
	W13	Hazus	RC	DCH	24,300,000	24,782,760
	W14	Hazus	Masonry	ND	18,900,000	19,275,480
	W15	Hazus	Masonry	DCL	18,900,000	19,275,480
	W16	Hazus	Masonry	DCM	13,500,000	13,768,200
	W17	Hazus	Masonry	DCH	13,500,000	13,768,200
			SUM		672,300,000	685,656,360

SUM

1,357,956,360 Table III-8. Description of the database stored in this study

  is worth noting that such visual inspection has been done on other building classes, with similar trends between indicators and DDs and results. The visual inspection allows to identify the indicators with clear effects (in green) and partial effects (in yellow) on the DDs. These indicators will be used in the next sections in a more quantitative approach.

	Indicator	W2	DD1d W1 FW	FC	W2	DD2d W1 FW	FC	W2	DD2d1d W1 FW	FC	Indicator	DD1d W2 W1 FW	FC	W2	DD2d W1 FW	FC	W2	DD2d1d W1 FW	FC
	• Input ground motion at outcropping rock		fp2d								
	Pgar										Ap1d								
	AIr										Ap2d								
	• Geometry of the valley and receivers location		Pgas1d								
	W										Pgas2d								
	H										AI1D								
	A1										AI2D								
	X										• Building characteristics				
	Xn										Fb								
	D										Hb								
	S/W										Ay								
	H/W										Dy								
	• Elastic properties of the valley				Du								
	Vs10										Dy/Du								
	Vs30										• Buildings and site combined indicators	
	Vsm										Rsbf1d								
	Ct										Rsbf2d								
	Cm										Rbsa1d								
	Cb										Rbsa2d								
	• Site response								Ab1d								
	f01d										Ab2d								
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2. Summary of impact of each indicator on different DDs for the 4 zones in the valley.

Green boxes indicate clear effect, yellow boxes indicate partial effect and red boxes represent no obvious effect. Black boxes refer to the "not concerned" indicators.
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 IV 1. Most relevant indicators that control variation of the different DDs.
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				2), it
	appears that in 2016, SF and RC were the two main building typologies in Tehran with the
	representativeness of 57% and 34%, respectively. During the last two decades, the proportion of SF
	buildings has increased by around 40%, when the proportion of RC buildings has increased the most
	with a change close to 200%. Other building types (i.e., wooden structures with mud bricks and semi-
	steel) representativeness was divided by five during the last 20-25 years (from 48% in 1996 to 9% of
	the building stock in 2016). Following latest census (2016), the majority (58%) of buildings in Tehran
	is classified as low-rise (1-3 floors) when the mid-rise category (4 to 7 floors) represents 35%, and
	high-rise buildings (more than eight floors) are only 7% of the building stock in Tehran. I couldn't
	find related information in previous censuses to track fluctuation. However, it is well-known that
	increasing population has led to higher floor building demand.	
	Type of buildings	1996	2006	2016
	Steel Frame (SF)	41%	64%	57%
	Reinforced Concrete (RC)	11%	19%	34%
	Others (unstable)	48%	17%	9%
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2. Distribution of the main building typologies in Tehran from the census in

1996, 2006 and 2016 (https://www.amar.org.ir, in Persian, last accessed August 2019)

.

  and Tehran city has not yet suffered seismic damages. Assuming that both Iranian building typologies (RC and SF) correspond to empirical linear relationship between number of floors and building period, i.e., T0=N/14.1 for SF and T0=N/15.7 for RC buildings, the comparison between the measured resonance periods and the related periods (that should be close to 1) coming from the last Iranian code (BHRC, 2016), clearly highlights that in-situ measured periods are strongly lower than the ones coming from the Iranian code (Figure V-9-B). For instance, 65% of

SF buildings and 71% of RC building measurements display a reduction down to 80% comparing to Iranian code provision. Only a minority of buildings have periods more than Iranian code provision (7.5% of SF buildings and 18% of RC buildings) and especially for the taller buildings. Moreover, the difference between measured periods and code provision is decreasing for the higher number of floors with the same trend in both RC and SF buildings (

Authors City (country) No. of buildings Proposed formula

  

	Espinoza (1999)	Barcelona (Spain)	25 RC	T=0.0107H+0.054
	Vidal et al. (2014)	Lorca (Spain)	33 RC	T=(0.0180±0.0006) H
		Mula (Spain)	15 RC	
	Salameh et al. (2016)	Beirut (Lebanon)	291 RC	T=0.0175H
	Guillier et al. (2014)	Lima (Peru)	536 RC	T=0.0159H
	Current study	Tehran (Iran)	117 RC	T=0.0212H
	Farsi & Bard (2004)	Grenoble (France)	35 RC	T=0.01H
	Michel (2007)		25 RC	T=0.013H
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5. Details of the selected database from literature.

  FigureV-11. Performance, of the selected formulas coming from different seismic building codes, to best represent the "real" behaviors for the different countries.More regression details of selected equations are available in TableV-6 where best formulas with highest R2 are highlighted.

	Country/Formula 𝑇 = 𝐶 1 . 𝐻 + 𝑏 1 𝑇 = 𝐶 2	𝐻 √𝐿	+ 𝑏 2 𝑇 = 𝐶 3	𝐻 2 𝐿	+ 𝑏 3 𝑇 = 𝐶 4	𝐻 1.5 √𝐻 + 𝐿. √𝐿	+ 𝑏 4 𝑇 = 𝐶 5 . 𝐻 𝑏 5
		C1=0.0142	C2=0.0468	C3=0.0039	C4=0.0461	C5=0.0003
	Spain	b1=0.050	b2=0.120	b3=0.229	b4=0.180	b5=0.8164
		R2=0.8590	R2=0.7317	R2=0.6721	R2=0.6752	R2=0.8566
		C1=0.0173	C2=0.0767	C3=0.0040	C4=0.0810	C5=0.00008
	Lebanon	b1=-0.032	b2=-0.072	b3=0.20	b4=0.003	b5=0.9754
		R2=0.9449	R2=0.8788	R2=0.8796	R2=0.8650	R2=0.9350
		C1=0.0164	C2=0.0744	C3=0.0089	C4=0.0860	C5=0.00019
	Peru	b1=0.013	b2=0.027	b3=0.115	b4=0.073	b5=0.8518
		R2=0.9152	R2=0.8259	R2=0.7861	R2=0.7859	R2=0.8718
		C1=0.0224	C2=0.1170	C3=0.0069	C4=0.4281	C5=0.00009
	Iran	b1=-0.041	b2=-0.140	b3=0.248	b4=0.064	b5=1.0352
		R2=0.9270	R2=0.8702	R2=0.8580	R2=0.8310	R2=0.9218
		C1=0.0151	C2=0.0694	C3=0.0039	C4=0.0718	C5=0.00003
	France	b1=-0.045	b2=-0.063	b3=0.179	b4=0.022	b5=1.052
		R2=0.9438	R2=0.8852	R2=0.8970	R2=0.8665	R2=0.9100

Table V -

 V 6. Regression results for the five selected formula for the five countries. The cells in orange indicate the best fitting in-between data and formula.
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		0.95			
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  2 𝑆 𝐿 + 𝑏 𝐻 + 𝐶 2 𝑆 𝐿 + 𝐶 3 𝑙𝑜𝑔𝑆 𝑊 + 𝑏 Eq. iv 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝑏 Eq. ix 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝐶 3 𝑆 𝑊 + 𝑏 Eq. v 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝑊 + 𝑏 Eq. x 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝐶 3 𝑙𝑜𝑔𝑆 𝑊 + 𝑏

					Eq. vi	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔	𝑆 𝑊 𝑆 𝐿	+ 𝑏
	Eq. ii	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝑊 + 𝑏	Eq. vii	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝐿 + 𝐶 3 𝑆 𝑊 + 𝑏
	Eq. iii	𝑇 = 𝐶 1 𝐻 + 𝐶 2 (	𝑆 𝑊 𝑆 𝐿	) + 𝑏	Eq. viii	𝑇 = 𝐶 1
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 V 7. The ten proposed formulas in linear regime addingSL and SW to H. 

  V-13-B).𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝐿 + 𝐶 3 𝑙𝑜𝑔𝑆 𝑊 + 𝑏 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝐶 3 𝑆 𝑊 + 𝑏

	Formula/Database		Spain	Lebanon	Peru	Iran	France
						C1=0.0142	C1=0.0173	C1=0.0163	C1=0.0227	C1=0.0148
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝐿 + 𝑏	C2=0.0004 b=0.045	C2=-0.0006 b=-0.022	C2=0.0002 b=0.010	C2=-0.0015 b=-0.01	C2=-0.0004 b=-0.03
						R2=0.8578	R2=0.9450	R2=0.9155	R2=0.9270	R2=0.9423
						C1=0.0141	C1=0.0170	C1=0.0163	C1=0.0214	C1=0.0146
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝑊 + 𝑏	C2=0.0003 b=0.048	C2=0.0018 b=-0.055	C2=0.0001 b=0.010	C2=0.0027 b=-0.07	C2=0.0023 b=-0.08
						R2=0.8569	R2=0.9461	R2=0.9154	R2=0.9285	R2=0.9461
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 (	𝑆 𝑊 𝑆 𝐿	) + 𝑏	C1=0.0141 C2=-0.004 b=0.059	C1=0.0173 C2=0.0102 b=-0.046	C1=0.0163 C2=0.0016 b=0.012	C1=0.0223 C2=0.0569 b=-0.10	C1=0.0151 C2=0.0194 b=-0.07
						R2=0.8572	R2=0.9453	R2=0.9152	R2=0.9329	R2=0.9458
						C1=0.0139	C1=0.0173	C1=0.0162	C1=0.0229	C1=0.0151
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝑏	C2=0.0159 b=0.011	C2=-0.0146 b=0.008	C2=0.0035 b=0.005	C2=-0.0643 b=0.13	C2=-0.0216 b=0.02
						R2=0.8586	R2=0.9449	R2=0.9153	R2=0.9292	R2=0.9437
						C1=0.0139	C1=0.0169	C1=0.0164	C1=0.0212	C1=0.0147
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝑊 + 𝑏	C2=0.0082 b=0.033	C2=0.039354 b=-0.119	C2=0.0024 b=0.007	C2=0.0627 b=-0.19	C2=0.0411 b=-0.15
						R2=0.8573	R2=0.9458	R2=0.9151	R2=0.9289	R2=0.9456
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔	𝑆 𝑊 𝑆 𝐿	+ 𝑏	C1=0.0142 C2=-0.0051 b=0.051	C1=0.0171 C2=0.0207 b=-0.027	C1=0.0163 C2=-0.0008 b=0.015	C1=0.0223 C2=0.0650 b=-0.04	C1=0.0150 C2=0.0234 b=-0.04
						R2=0.8584	R2=0.9457	R2=0.9149	R2=0.9310	R2=0.9437
						C1=0.0140	C1=0.0170	C1=0.0163	C1=0.0218	C1=0.0143
						C2=0.0003	C2=-0.0003	C2=0.0002	C2=-0.0012	C2=0.0003
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑆 𝐿 + 𝐶 3 𝑆 𝑊 + 𝑏	C3=0.0002	C3=0.0018	C3=0.0002	C3=0.0025	C3=0.0024
						b=0.0421	b=-0.0513	b=0.0054	b=-0.0476	b=-0.074
						R2=0.8554	R2=0.9461	R2=0.9154	R2=0.9283	R2=0.9402
						C1=0.0138	C1=0.0170	C1=0.0163	C1=0.0219	C1=0.0142
						C2=0.0004	C2=-0.0003	C2=0.0002	C2=-0.0015	C2=0.0004
						C3=0.0029	C3=0.0348	C3=0.0030	C3=0.0590	C3=0.0406
						b=0.0438	b=-0.1146	b=0.0005	b=-0.1713	b=-0.141
						R2=0.8573	R2=0.9461	R2=0.9154	R2=0.9287	R2=0.9313
						C1=0.0141	C1=0.0170	C1=0.0163	C1=0.0224	C1=0.0146
						C2=0.0182	C2=-0.0061	C2=0.0048	C2=-0.0618	C2=-0.0070
						C3=0.0002	C3=0.0017	C3=0.0002	C3=0.0025	C3=0.0021
						b=-0.0049	b=-0.0377	b=-0.0055	b=0.0861	b=-0.0499
						R2=0.8598	R2=0.9462	R2=0.9156	R2=0.9304	R2=0.9465
						C1=0.0138	C1=0.0170	C1=0.0163	C1=0.0221	C1=0.0147
	𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝐶 3 𝑙𝑜𝑔𝑆 𝑊 + 𝑏	C2=0.0170 C3=0.0028 b=0.0011	C2=-0.0084 C3=0.0361 b=-0.1003	C2=0.0045 C3=0.0022 b=-0.0065	C2=-0.0671 C3=0.0656 b=-0.0302	C2=-0.0049 C3=0.0402 b=-0.1304
						R2=0.8584	R2=0.9460	R2=0.9154	R2=0.9313	R2=0.9450

Table V-8. Regression result for the 10 proposed formulas for the 5 different countries. The cells in orange indicate the best fitting in-between data and the new formulas.

  𝑇 = 𝐶 1 . 𝐻 + b 𝑇 = 𝐶 1 𝐻 + 𝐶 2 𝑙𝑜𝑔𝑆 𝐿 + 𝐶 3 𝑆 𝑊 + 𝑏 𝑇 = 𝐶 1 𝐻 + 𝐶 2 (

				𝑆 𝑊 𝑆 𝐿	) + 𝑏
			C1=0.0141	
		C1=0.0142	C2=0.0182	
	Spain	b=0.050	C3=0.0002	NOT USED
		R2=0.8590	b=-0.0049	
			R2=0.8598	
			C1=0.0170	
		C1=0.0173	C2=-0.0061	
	Lebanon	b=-0.032	C3=0.0017	NOT USED
		R2=0.9449	b=-0.0377	
			R2=0.9462	
			C1=0.0163	
		C1=0.0164	C2=0.0048	
	Peru	b=0.013	C3=0.0002	NOT USED
		R2=0.9152	b=-0.0055	
			R2=0.9156	
	Iran	C1=0.0224 b=-0.041 R2=0.9270	NOT USED	C1=0.0223 C2=0.0569 b=-0.10 R2=0.9329
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and consequently, the corresponding buildings will be less damaged in case of stronger input ground motion. 

Building

Coincidence of soil and building frequencies and related site amplification

The coincidence of building and site resonance frequencies under seismic loading is one of the critical points to be addressed in this study. Considering this point, a set of parameters are defined as below:

• Rsbf: Ratio between soil and building fundamental frequency (fs/fb). fs in 1D soil is fundamental frequency of the soil in 1D (f01d). For the sake of simplicity and due to the difficulty in measuring f02d in several valleys, we considered fp2d for soil resonance frequency