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1.2

Context

Seismic vulnerability : susceptibility of a building to undergo of
the damage during a seismic movement.

Vulnerable conventional houses 1 :

1[Okazaki, 2006]
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Context

1 Need for understanding mechanisms controlling
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estimation;
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evaluation methods of the seismic vulnerability of
structures;
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Context

1 Need for understanding mechanisms controlling
liquefaction induced damage in earthquake loss
estimation;

2 Improve and validate traditional approaches and
evaluation methods of the seismic vulnerability of
structures;

3 Several non linear phenomena :
• Soil behaviour,
• Building damages,
• Soil-Structure interaction,
• Soil Foundation interface,
• . . .
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1.3

Context

1 Need for understanding mechanisms controlling
liquefaction induced damage in earthquake loss
estimation;

2 Improve and validate traditional approaches and
evaluation methods of the seismic vulnerability of
structures;

3 Several non linear phenomena :
• Soil behaviour,
• Building damages,
• Soil-Structure interaction,
• Soil Foundation interface,
• . . .

4 Use of numerical methods in order to facilitate the
comprehension of the global problem via parametric
analyses.
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1.6

Codes approach ( Performance Base Design)

Push-Over curve:

Pushover curve

Displacement

Force

Vb

xt

xt

w1
λF1

w2
λF2

wi
λFi

wn
λFn

Vb

Incremental lateral loading (static), Fixed base condition



Research in progress
concerning the

seismic vulnerability

Fernando
LOPEZ-CABALLERO

Introduction

Some definitions
Codes approach (PBD)

Including SSI effects

Soil Liquefaction
Studied site

Laboratory test simulation

Seismic hazard

Liquefaction analyses

SSI analyses
Structural model

Structural response

Reliability analyses

Vulnerability reduction
Soil inclusions

Reliability analyses

1.7

Codes approach ( Performance Base Design)

Push-Over curve 2 :

0 0.05 0.1 0.15 0.2 0.25
0

2

4

6

8

10

12
x 10

5

Top drift [m]

B
as

e 
S

he
ar

 [N
]

Pushover

b02

0 5 10

0

2

4

6

8

10

12

14

16

18

20

y [m]
z 

[m
]

Top drift = 0.058m (x10)

b

2[Saez, 2009]
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1.7

Codes approach ( Performance Base Design)

Push-Over curve 2 :
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1.7

Codes approach ( Performance Base Design)

Push-Over curve 2 :
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1.8

Including of SSI effects

Proposed approaches [Saez, 2009] :
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1.8

Including of SSI effects

Proposed approaches [Saez, 2009] :
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1.10

Studied site

Reference case 3 :
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3[Lopez-Caballero and Modaressi-Farahmand-Razavi, 2008]
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1.11

GEFDYN - ECP’s numerical tool

The ECP’s elastoplastic multi-mechanism model, “ Hujeux”
model. 4

• The model is written in terms of effective stress,

• Coulomb type failure criterion,

• Critical state concept,

• Progressive friction mobilization with shear,

• Roscoe’s dilatancy law,

• Isotropic yield surface.

4[Aubry et al. 1982, Hujeux, 1985, Aubry and Modaressi, 1996]
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1.12

Laboratory test simulation

Saturated sand :
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1.13

Laboratory test simulation

Saturated sand :
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1.14

Seismic hazard

Response spectra of input earthquake motions ( outcropping) :
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5[Pousse et al. 2006]
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1.15

Soil Response

Liquefaction profile :
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1.15

Soil Response

Liquefaction profile :
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1.16

Soil Response

Definition of liquefied layer thickness :
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1.17

Soil Response

Fragility values and functions for liquefaction thickness :
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1.18

Liquefaction analyses

Ground response analysis :
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1.19

Liquefaction analyses

Response spectra at FF surface :
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Liquefaction analyses

Response spectra at FF surface :
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Liquefaction analyses

Response spectra at FF surface :
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Liquefaction analyses

Response spectra at FF surface :
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1.19

Liquefaction analyses

Response spectra at FF surface :
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1.21

Numerical model

Geometry and used mesh :
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1.22

Structural model

SDOF Capacity Curve :
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Structural response

Co-seismic uniform structural settlement :
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Structural response

Co-seismic uniform structural settlement :
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Structural response

Seismic structural response :

0 0.1 0.2 0.3 0.4 0.5
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

−3

I
Arias out

 [m/s]

In
te

r−
st

or
y 

dr
ift

 [.
]

Inter story drift



Research in progress
concerning the

seismic vulnerability

Fernando
LOPEZ-CABALLERO

Introduction

Some definitions
Codes approach (PBD)

Including SSI effects

Soil Liquefaction
Studied site

Laboratory test simulation

Seismic hazard

Liquefaction analyses

SSI analyses
Structural model

Structural response

Reliability analyses

Vulnerability reduction
Soil inclusions

Reliability analyses

1.24

Structural response

Seismic structural response :
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Reliability analyses

Global seismic response of structure :
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Vulnerability reduction

Illustration of a soil mitigation method :
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Soil mitigation method

Effect on liquefaction :
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Soil mitigation method

Co-seismic uniform structural settlement :
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Soil mitigation method

Seismic structural response :
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Soil mitigation - Rigid inclusions

Performance assessment :
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Reliability analyses

Global seismic response of structure :
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