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Bilan du projet  

Bilan d’activité  

L’objectif global de ce projet de recherche de longue haleine, qui s’inscrivait au départ dans le grand 

projet franco-libanais LIBRIS, est l’initiation de recherches explorant les effets de la coïncidence de 

fréquences du bâtiment et du sol, sur un plan théorique et en vue d'applications pratiques 

essentiellement à l'échelle d'un quartier ou d'une ville, mais aussi éventuellement à l'échelle d'un 

bâtiment, développées dans une thèse financée par l'IRD sur le sujet: "Prise en compte du contenu 

spectral dans les évaluations de vulnérabilité et de risque sismiques", avec une application à 

Beyrouth. L'objet du financement attribué par le labex était focalisé sur la réalisation d'une série de 

mesures en bâtiment (330 bâtiments en tout) dans la ville de Beyrouth, ville exposée à un fort aléa 

sismique lié à la grande faille du Levant. Ces mesures ont été exploitées pour établir une relation 

préliminaire de correspondance fréquence / hauteur ou dimensions du bâtiment, et une relation 

probable entre l’amortissement et la fréquence. Cette exploitation a donné lieu à plusirus 

présentations et article de conférence, et un article est en cours de soumission (résumé ci-dessous). 

Resonance frequency is a key parameter in the seismic design of a structure, thus dynamic 

parameters of buildings in Beirut (Lebanon) were investigated based on ambient vibration method for 

risk and vulnerability assessment. Lebanon is threatened by a high seismic hazard due to its major 

faults, combined to a high seismic risk caused by urban, economic and political chaos in addition to 

the lack of a seismic design code implementation. For this study, ambient vibration recordings have 

been done on 330 RC buildings, frequency parameters extracted and statistically analyzed to identify 

correlations with physical building parameters (height, horizontal dimensions, age) and site 

characteristics (rock sites or not). The study shows that (i) only the building height or number offloors 

(N) is statistically relevant for the estimation of the fundamental period T and (ii) the correlation 

between T and N is linear and site dependent: T≈ N/24 for rock sites and N/18 for soft sites. Moreover 

the measured damping exhibits a striking correlation with the frequency: the taller the building the 

lower is the damping,  however part of the large discrepancy with building code recommendations may 

be due to the very low level of excitation. 

Illustrations - avec légende et crédit (à envoyer également séparément) 
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4.2 Beirut geology

Lebanon is characterized by a complex geology with a strong variability of soils within small areas. Beirut

major geologic format ions can be described as sandy areas including red sands, on its center axis from deposits

of alluvial sand originated by two main hilly limestones and marly limestones from the Cretaceous period as on

the Ashrafieh and Tallet el Khayyat hills (Dubert ret 1944)[20]. Other sand dunes can be found mainly in the

south of Beirut such as Ramlet el Baydah, with yellowish sandy soil and embankments on the marit ime borders.

Yellow sandy levels are also located on the northern entry of the city such as Bourj Hammoud and Daora. More

complex sediments with alluvial sand and clayed levels are located in Nahr Beirut . Researchers found complex

correlat ions between seismic response of soil and geological variabilit y (Brax 2013)[6]. Several areas are prone to

large probability of liquefact ion during a seismic event due to the elevated water table and small percentage of

fines in sandy areas (Harb 2003)[43]. Such geologic hazard did not prevent the city from get t ing overpopulated,

reaching almost full saturat ion of land occupancy.

Fig. 2 shows the map of the fundamental frequencies of soil in the region of Beirut achieved by Brax (2013)[6].

It is clear that the heterogeneous soil can be divided into two dist inct types: rock soil with a frequency threshold

equals to 20 Hz, and soft soil. Certain regions located on the boundaries between rock and soft sites areconsidered

as t ransit ion zone where a criteria is adopted to classify the soil as rock or soft : if the st ructure’s frequency is

smaller than the soil’s frequency then the building is considered as const ructed on rock site because the lat ter

does not affect its behavior and can not enter into resonance. This map also shows the locat ion of 330 buildings

measured in Beirut in the framework of ANR libris project described in Sect ion 5 (Salameh et al. 2014)[77]. The

buildings are dist ributed with respect to the two soil types and the criteria described.
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Fig. 2: Map of the interpolated fundamental frequencies in the region of Beirut and locat ion of 330 buildings

measured in Beirut on rock and soft soil (Brax 2013)[6]. Frequency is given in hertz. Mapping using the UTM

(Universal Transverse Mercator) coordinate system (Zone: 36)

 

Fig. 1: Map of the interpolated fundamental frequencies in the region of Beirut and location of 330 

buildings measured in Beirut on rock and soft soil (Brax 2013)[6]. Frequency is given in Hertz. 

Mapping using the UTM (Universal Transverse Mercator) coordinate system (Zone: 36)  
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the slopes of the two regressions (Student Test) reveal that there is no significant relat ionship between the two

correlat ions on soft and rock sites. The slight ly higher period on soft soils (about 25%) is fully consistent with

the observed higher damping on soft soils as illust rated in Fig. 7b: soil-st ructure interact ion is a likely candidate

to explain such differences, with both slight ly lengthened periods and increased damping due to radiat ion from

the foundat ion. Linear correlat ions between damping and fundamental frequency seem to exist fro the two types

of soil however with lower correlat ion coefficients due to the large variability (Eq. 17,18):

ϵ ≈ 0.58f 0, on rock soil with R2 = 0.53 (17)

ϵ ≈ 0.3f 0 + 0.28, on soft soil with R2 = 0.3 (18)
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Fig. 7: Correlat ion, for rock and soft sites, between: a) fundamental periods (T) and number of floors (N), b)

damping and fundamental frequency: The slight ly higher period on soft soils is fully consistent with the

observed larger damping. The solid lines correspond to the linear regression and the dash-dot ted lines to 95%

confidence interval. The dashed line represents the constant value equal to 5% considered in seismic codes.

An other comparison is established between the measured frequencies and the linear part of the capacity

curve in the empirical methods of the large-scale vulnerability est imat ion based on the st ructural characterist ics

of the building (HAZUS 1999[34] ; Risk-UE 2003[64]). In these methods, building is defined with respect to its

typology and its height : for reinforced concrete buildings, Low-Rise= 1 to 3 floors, Medium-Rise= 4 to 7 floors,

High-Rise= higher than 7 floors. Most of the buildings in Beirut are classified as type RC1 (concrete moment-

resist ing frames) in Lagomarsino et al. (2006) (Risk-EU project )[53,64], whereas its classified as C1 (ou C3)

moderate code in Hazus (FEMA)[34]. Fig. 8 reveals a st rong discrepancy: the curves used are not consistent with

reality and overest imate the experimental period up to 25 floors and probably underest imate it over 25 floors,

which has a st rong influence on the damage est imat ion in the seismic risk and vulnerability assessment . Therefore

the in-situ recording of ambient vibrat ions is a very important tool to calibrate and adjust the linear part of the

capacity curves.

 

 

Fig. 2: Correlation, for rock and soft sites, between: a) fundamental periods (T) and number of floors 

(N), b) damping and fundamental frequency: The slightly higher period on soft soils is fully consistent 

with the observed larger damping. The solid lines correspond to the linear regression and the dash-

dotted lines to 95% confidence interval. The dashed line represents the constant value equal to 5% 

considered in seismic codes.  

 

Production scientifique (articles scientifiques, actes de congrès…) 

 Articles 

o Salameh, C., B. Guillier, J. harb, C. Cornou, P.-Y. Bard, C. Voisin et A. Mariscal, 2015. 

Seismic response of Beirut (Lebanon) buildings : Instrumentale results from ambien 

vibrations. In preparation for Bulletin of Earthquake Engineering 

 Diplôme de fin d'études 

o Salameh, C., 2012. Prise en compte du contenu spectral dans les évaluations de 

vulnérabilité et de risque sismiques : Application à Beyrouth. Mémoire de diplôme 

d'Ingénieur Civil, Université Libanaise, Septembre 2012, 79 pages 

o  

 Actes de congrès 

o Salameh, C., A. Mariscal, J. Harb, P.-Y. Bard, B. Guillier, C. Cornou, and C. Voisin. 

Dynamic properties of beirut buildings: Instrumental results from ambient vibrations. 

Second European Conference on Earthquake Engineering and Seismology 

(2ECEES), Istanbul, Turkey, Paper #, 12 pages. 

 Conférences 

o Salameh, C. (2014). Propriétés dynamiques du bâti beyrouthin à partir des mesures 

de bruit ambiant, Colloque de clôture projet "LIBRIS": risque sismique : aleas, 

vulnerabilites et incertitudes, Beyrouth, 18-20 Novembre 2014. 
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o Bard, P.-Y. (2014). Du séisme à l'endommagement, , Colloque de clôture projet 

"LIBRIS": risque sismique : aleas, vulnerabilites et incertitudes, Beyrouth, 18-20 

Novembre 2014. 

Bilan financier succinct (avec suivant les cas : co-financements éventuels, équipements 

achetés, missions, recrutements divers, fonctionnements divers…) 

Les 6000 € attribués par le projet ont été dépensés comme suit:  

 frais de terrain pour mesures sur bâtiment à Beyrouth (frais d'envoi de stations d'acquisition, petit 

matériel) 

 Financement d'un stage de 2 mois (juin-juillet 2012, voyage + séjour) pour C. Salameh (stage de 

fin d'études Université Libanaise) 

 

 

Annexes si besoin ou lien sur des sites existants et pérennes jusqu’à la fin du 

Labex (2020) 


