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Objectives

for predicting ground
shaking hazard taking into account site effects
and (southern Spain), a
region of low to moderate seismicity, for Seismic
Hazard Mapping.

based on building types conditions and Damage
Probability Matrix and for
Seismic Risk Mapping.

Disaster
Emergency Preparedness. (GIS application)




Euro-Mediterranean
Seismic Hazard map

Spanish Seismic Code
Seismic Hazard map




DATE Mw Imax (EMS) Epicenter
24 April 1431 (6.8) (VI11-1X) Granada
July, 1431 (7.0 (1X) Granada
(Ene.) 1494 (6.5 (VIHI-1X) Mélaga
5Abr. 1504 (6.2 VII-1X Carmona (SE)
9 Nov. 1518 (6.2) VIH-IX Vera (AL)
22 Sept. 1522 ( 7.0 IX Almeria
3 Sep. 1531 (6.3) VIH-IX Baza (GR)
31 Dic. 1658 (6.3 VI Almeria
28 Ago. 1674 (6.3) VIH-IX Lorca (MU)
9 Oct. 1680 (6.2) IX Malaga
1 Nov. 1755 (8.5) X CabodeS. Vicente
13 Ene. 1804 (6.2 VIII Motril (GR)
25 Ago. 1804 (6.3) 1X Dalias (AL)
27 Oct. 1806 (5.9) VII-IX Santa Fé (GR)
25 Dic. 1884 (6.8) X Arenasdd Rey (GR)
16 Jun. 1910 6.3 VII-VIII Adra (AL)
Seismicity of the Southern 1982-2002

Iberian Peninsula and
neighboring areas 1048-2003







Seismic Hazard map of the NCSE-02







O Reevaluated




1522 Epicentre

~ Reichertery
Hlubscher, 2005

Gracia et al, 2006
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f

Zone of EQ influence
|

Zonation

NCSE-02

Zonation Models (original + Azores +

NorthAfrica)

Model 1 Lépez-Casado et al., (1995) + Zona 12
(NCSE-02) + Hamdache (1998)

Model 2 Lépez-Casado et al. (1995) + Zona 12
(NCSE-02) + Aoudia et al., (2000)

Model 3 NCSE-02 + Hamdache (1998)

Model 4 NCSE-02 + Aoudia et al., (2000)

Model 5 GSHAP

Zpnation
Aoueta260




Zonation L 6pez-Casado et al. (1995)

Zonation NCSE-02

1 6.5

Zona 1l 7.2 0.436 2.434 0.130 2.296
Zona 2 7.1 0.460 2.556 2 7.3 0.166 2.098
Zona 3 7.0 0.666 2.542 3 71 0.238 2.151
Zona 4 7.2 1.703 2.581 4 7.3 0.221 2.270
Zona 5 5.7 0.275 3.928 5 5.7 0.128 2.590
Zona 6 7.2 0.553 2.353 6 6.5 0.113 2.505
Zona 7 7.3 0.214 2.484 7 6.8 0.181 2.664
Zona 8 5.6 0.214 3.173 8 7.2 0.376 2542
Zona 9 6.8 0.272 2.758 9 7.0 0.241 2372
Zona 10 7.3 0.185 2.339 10 7.2 0.440 2.692
Zona 11 7.1 0.985 2.305 11 7.0 0.235 2.296
Zona 12 9.0 2.245 2.079 12 6.1 0.197 3.051
Zona 13 5.7 0.152 3.210 13 71 0.236 2321
Zona 14 5.6 0.281 2.931 14 5.3 0.143 3.864
Zona 15 7.1 0.324 2.250 15 7.2 0.250 2.234

16 6.2 0.106 2.775
Zona 24 5.9 0.122 2.436 17 6.5 0.173 2.814

18 7.2 1.184 2.931




Magnitude Distance Predicted
parameter
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PSH assessment for hard rock conditions adopting
a logic-tree computational procedure.

Probabilistic Seismic Hazard Assessment
logic tree two nodes

5 different models of
seismic sources zonings 6 differents
ground motion models

Zonation models Attenuation models




PGA 475 years

Zonified Method

PGA 975 years



475-year return period

SA(0.15) SA (0.2 s)

SA(0.55) SA(1.05s)



975-year return period

SA(0.15) SA (0.2 5)

SA(0.5s) SA(1.0s)
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Zonified Method

475-year

Non-zonified Method
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Ground shaking amplification
Lithological Map

320
132
32



Shear wave
SOILTYPE GROUND velocity
DESCRIP VP mis PGA
-TION AF
UBC | EC8 | PW uUBC ECS8
Sa Hard rock >1500 0.9
A 260 >800
Sq g Rock 1500 1.0
Verydense | 355 | 360-
Sc B I soil and soft 1.2
rock 760 800
Stiff soil 180— | 180-—
S C 11 260 260 1.4
S D softsoll 1 180 | <180 | 18
. : $,<100
Se E Special soils s, lig 2.0




Amplification Factors (Ag)

Soil Type A for SA(w)
Ar

NEH for
Present RP- | pga | 0.1s | 015s | 02s | 03s | 05s | 1.0s| 155 | 20s
wor k

2003
I(A) A |087| 08 | 082 | 08 | 080 | 080 | 0.80 | 0.80 | 0.80
I(B) B [1200| 200 | 200 | 200 | 200 | 200 | 1.00 | 1.00 | 1.00
I C |120| 1220 | 120 | 120 | 126 | 139 | 170 | 170 | 170
i D |140| 150 | 155 | 160 | 1.70 | 1.90 | 2.40 | 2.40 | 2.40
IV(A) E |180| 215 | 233 | 250 | 263 | 288 | 350 | 350 | 3.50
IV(B) F | 20 | 225 | 238 | 25¢ | 263+ | 2.88* | 35¢ | 35¢ | 35+




Map for soil amplification factors for
Peak Ground Acceleration PGA



475-year

475
975-year

975-year



475-year

SA(0.15) SA (0.2 5)

SA(0.55) SA(1.059)



475-year
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e To calculate Seismic Risk of Andalusia,



Building Vulnerability.




MATRIZ MT1-8

VULNERABILIDAD

ZONA 1

ARQUITECTONICA

a, APLICACION 0,08y 0,169

NNSS VIGENTES MV-101 PGS-1 PDS-1 NCSE- NCSE-

94 02
<1900 1901- 1921- 1941 - 1951- 1965- 1971- 1977- 1997- 2005
1920 1940 1950 1964 1970 1976 1996 2004

A 0,34 0,42 0,20 0,17 0,11 0,06 0,04 0,01

B 0,66 0,58 0,73 0,64 0,63 0,46 0,41 0,36

C 0,07 0,19 0,26 0,48 0,55 0,63 0,34 0,25

D 0,66 0,75

E

F

Results



Results:

High Low
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Risk results



Risk results

(L =slight, M = moderate, G = serious)



Risk results

(L =slight, M = moderate, G = serious)



Seismic Risk for Andalusia region (475 years)

Number of expected uninhabitables buildings
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Maximum number of people needing shelter
for the maximum shaking expected in 475 .



Conclusions

seismic hazard and earthquake risk assessment
Hazard
results
weighted
mean of all possible solutions

ground—motion attenuation

site amplification factors



organized in a GIS mapped
Earthquake Emergency Planning seismic risk mitigation



