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The aim of this presentation is to point out: 

•  Common global principles experimented by our 
team when mapping earthquake effect at large 
scale 

•  Successive steps of resulting operating system 

•  Tentative of improvement 

•  Requested evolution : What is expected from 
specialist of different domain. 
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Context and common features of the approaches 

•  Requested by central directions of Ministries (Planning, 
Environment) 

•  Because it is financially impossible to analyze precisely 
and retrofit the whole elements of road and the whole 
building stock:  

•  Prioritization scheme are first requested 
•  Vulnerability // Importance // seismicity 
•  = first estimate of mecanical vulnerability or damage 
•  To plan rescue itinerary or building 
•  To be applied every where on French territory  
•  To be applied by non-specialist 
•  Large scale, economic, rapid: very few f ield 

investigation allowed 

Major projects: RISKUE, GEM-GEP, SISROUTE, FORESIGHT, several 
recent test in the context of risk  mapping  

global 
principles  
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Bases of proposed approaches : 

•  The Hazard is mainly represented by PGA (peak ground 
acceleration of the soil) 

•  Induced phenomena are considered not to occur 
under a threshold value of PGA 

•  The response of the structure to the hazard is assessed 
via parameters that can be easily obtained  

•  Object behavior empirical law are inferred from 
earthquake effect observation (literature review, 
numerical simulation) 

global 
principles  
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Along an itinerary (SISROUTE) :  

  bridge 

  Retaining wall 

  Tunnel 

  Simple element of road 

Homogeneous element identification 

 On a territory : 

  urban district 

  area homogeneous vs earth. hazard 

STEP 1 
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Bridge 

Retaining wall 

Topography 

Bridges identification and 
characteristics 

Homogeneous element identification 

along an itinerary (SISROUTE) 

STEP 1 
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Z1 

Z2 

Z3 

Z4 

v 

v 

v 

v 

v 

Homogeneous element identification 

Urban area (ex : Saint Etienne, Alpes) 

STEP 1 
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Local hazard assessment: site effect 

Soil amplification:   x PGA 

STEP 2 
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Rock fall PGA threshold values 

 Wilson and Keefer (1985) 

Landslide PGA threshold values 

Hazard parameter assessment:  

 induced phenomena 

STEP 2 

Duval et al (2006) 
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Hazard parameter assessment:  

 induced phenomena 

After Youd and Perkins (1978) and Hazus99 

Liquefaction PGA threshold values 

STEP 2 
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Liquefaction Landslide Rock fall 

« La Clapière » 

Alluvial fans 

Hazard parameter assessment 

Induced hazards threshold values  

STEP 2 

Bertrand et al, 2006 
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Vulnerability assessment vs vibrations 
 and induced hazard: principes 

Object vulnerability      Acrit 

Acrit vs vibration (failure)  

Acrit vs induced phenomena (failure)  
(except for building) 

For each object  

the values of targeted simple parameters 

STEP 3 
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the SISMOA method (Thibault and Davi , 2006) 

The first step of the analysis consisted in assessing the 
vulnerability of bridges based on geometrical and 
typological criteria : 

V = Vgeneral x max (Vdeck ; Vpiers ; Vabutments) 

Induced effects related risks on bridges : 
Bridges vulnerabilities to liquefaction and landslide are based on 
foundations type, depth and eventual tubing. 

Vulnerability to rock falling is based on deck and supports 
materials, size and redundancy as well as existing protections 
(wires, protective screen, ditch …) 

Vulnerability assessment vs vibrations 
 and induced hazard: case of bridges 

STEP 3 
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Sliding Overturning Soil punching 
Wall internal 

shear failure 

Based on simple criteria,  
Vulnerability (Acrit) is defined  
for Vibration and induced effects 

Vulnerability assessment vs vibrations 
 and induced hazard: case of retaining walls 

STEP 3 
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Roof shape 

Soil condition and basement quality  

Typology : - Masonry structure - Reinforced concrete structure 
                     - Wood structure - Steel structure 
                     - Adobe 

Elevation regularity 

Horizontal regularity 

Construction age (pre-code) 

Building typology survey  
based on a visual expertise and some basic criteria. 

Vulnerability assessment vs vibrations 
 and induced hazard: case of urban area 

STEP 3 



CETE Méditerranée  Provence 2009   16 

Z1 

Z2 

Z3 

Z4 

VI=65 

VI=56 VI=59 

Vulnerability assessment vs vibrations 
 case of urban area: 

building typology by district: VI 

STEP 3 
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PGA in g 

1) Using empirical attenuation law (Ambraseys,1996) 

Hazard assessment  

2) Using predefined values of PGA 

Any earthquake  
(M, location) 

Choice of scenario: PGA assessment on rock 
STEP 4 
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Hazard assessment  
Choice of scenario: PGA assessment soil 

coeff 

STEP 4 
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FSi 
(security 
factor) 

Avib/Ti Induced 
phenomenon 
occurrence 

0 Below 0.5 The phenomenon 
can not appear 

Between 0 
and 0.4 

Between 
0.5 and 

0.8 

The phenomenon is 
not very probable 

Between 
0.4 and 

0.6 

Between 
0.8 and 

1.2 

The phenomenon is 
probable 

Between 
0.6 and 1 

Over 1.2 The phenomenon 
certainly appear 

Hazard assessment -  tentative of improvement 

Induced hazards security factor 

Bertrand et al, 2007 

STEP 4 
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Fragility curves: 

(Giovinazzi and Lagomarsino, 2003) 

Building damage assessment 

Intensity deduced from 
Acceleration (empirical law)  

VI=20 
VI=60 

STEP 5 
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Damage  
 distribution 
 (EMS98 grades) 

Building damage assessment 
STEP 5 
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R =  fobject (Avib,Vphenomenum) 
with 0 < R < 1 

Vphenomenum is Acrit   

Road cut off assessment 

Duval et al, 2006 

STEP 6 
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Liquefied zones 

Falling rocks 

Landslide 

M = 5.7 

Depth = 300 m 

0.30 g 

0.20 g 

0.10 g 

0.35 g 

0.05 g 

0.00 g 

Existing alternative roads 

Road section response to the chosen 
seismic scenario : 

Principles of Geographic Information System 

Road cut off assessment STEP 6 
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A recent survey: trying to take into account nearby 
buildings that could collapse on itinerary 

Road failure assessment: tentative of improvement 

CETE Méditerrranée, 2008 
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Difficulties encountered: 
•  Hazard and vulnerability are roughly assessed  
•  but a single limited object can generate large consequences 

(specially for itinerary) 
•  Hard to assess uncertainties at the different levels of the 

approaches (hazard and vulnerability) 

Possible improvement:  

•  The “statistical” approach used for urban area must be used 
very carefully, another more accurate approach is clearly 
needed. 

•  Improving the threshold values for induced phenomena 
•  PGA is certainly not the key parameter  especially for 

l iquefact ion but also for s t ructure: Changing the 
representation of threshold type instead of PGA (duration, 
cycle number, Arias intensity …)  

Mapping earthquake effects at large scale 
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Methodology overview 


