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The improvement of confidence levels could be achieved with the inclusion of more 

accelerometric data with sufficient magnitude values and the most rigorous 

homogenization of the magnitude scales. 

Another proposal of future works is to extend the comparisons of accelerometric data 

to the whole Mediterranean area. This will allow us to verify if the observed behaviors 

must be atributed to the magnitude range or if the Mediterranean area has a regional 

behavior. 

The NERIES project (Network of Research Infraestructures for European Seismology, 

FP6-2004-infraestructures-5, 2006-2009) can help in the next future in this aspect, 

because the definition of protocols and communication system that will allow to access 

easily to the European accelerometric data is being carried out. This database will 

concentrate a huge quantity of European data. This availability of European 

accelerometric data will be an important goal to develop new ground motion predictive 

equations. 

 

- Local scale: 

The Benchmark exercise analysis at the Volvi valley has been completed. The 

extracted conclusions are very useful for future local effects studies in other regions. 

However, other Benchmark exercises will be useful to generalize these conclusions.  

Important consequences from the analysis of the Benchmark exercise is the 

application of one of the proposed theoretical methodologies to the Pyrenean valley of 

Cerdanya. The results presented in this thesis (chapter 5) constitute a beginning of a 

comparative study. It is necessary to perform more seismic modelling methods in the 

valley for such purpose. 

Also, more geophysical experiments are needed to provide accurate geophysical data 

that describe the valley structure in a more realistic way, fact that will provide more 

reliability to the modeling results. 

According to the seismic modeling, future works would be focused in the 

accomplishment of computations using real input motions. Also, it is interesting the use 
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more realistic sources to study directivity effects according to the location of the sources 

with respect to the valley. 

To validate the seismic modeling it would be also needed to dispose of real seismic 

records in the area. This will allow to make comparisons between the simulated motions 

and the real ones. This implies the need of deploying strong ground motion 

instrumentation in the area with surface and borehole instruments. 

The future application of numerical modeling in other 2D profiles in the valley as well 

as the creation of a 3D model for the application of 3D modeling of the Cerdanya valley 

will be of great interest and will improve the results. 
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Atenuación sísmica en la parte Oeste de la vertiente mediterránea 
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Tabla A.2. Coeficientes de la ecuación predictiva de las ordenadas del espectro de aceleración, 
SA, ( σ±+−+= rfCrMfCfCfSA LH )·(log)·()()(log 4102110 ) para ho = 10 km. El PGA y el SA 
están expresados en cm/s2. 

 
ho = 10 m 

T(s) Freq (Hz) C1(freq) C2(freq) C4 (freq) Sigma 

10.0000 0.1000 -3.7 0.69 0.0011 0.598 

9.0090 0.1110 -3.7 0.72 0.0009 0.589 

8.0000 0.1250 -3.8 0.76 0.0008 0.584 

6.9930 0.1430 -3.9 0.80 0.0007 0.589 

5.9880 0.1670 -3.9 0.85 0.0006 0.590 

5.4945 0.1820 -4.0 0.88 0.0005 0.592 

5.0000 0.2000 -4.1 0.93 0.0004 0.593 

4.5045 0.2220 -4.1 0.93 0.0003 0.595 

4.0000 0.2500 -4.1 0.96 0.0002 0.604 

3.8023 0.2630 -4.1 0.97 0.0001 0.606 

3.5971 0.2780 -4.1 0.98 0.0000 0.606 

3.4014 0.2940 -4.1 0.99 0.0000 0.603 

3.3333 0.3000 -4.1 0.98 0.0000 0.602 

3.2051 0.3120 -4.1 0.99 0.0000 0.603 

3.0030 0.3330 -4.1 1.01 0.0000 0.603 

2.8011 0.3570 -4.0 1.01 -0.0001 0.597 

2.5974 0.3850 -4.1 1.02 -0.0001 0.589 

2.5000 0.4000 -4.1 1.04 -0.0002 0.586 

2.3981 0.4170 -4.1 1.04 -0.0002 0.584 

2.1978 0.4550 -4.0 1.04 -0.0003 0.575 

2.0000 0.5000 -3.9 1.05 -0.0004 0.577 

1.7986 0.5560 -3.9 1.07 -0.0005 0.582 

1.6667 0.6000 -3.9 1.08 -0.0006 0.582 

1.6000 0.6250 -3.9 1.09 -0.0007 0.584 

1.4993 0.6670 -3.8 1.09 -0.0008 0.585 

1.4286 0.7000 -3.7 1.09 -0.0008 0.584 

1.4006 0.7140 -3.7 1.09 -0.0008 0.584 

1.3004 0.7690 -3.7 1.10 -0.0009 0.590 

1.2500 0.8000 -3.6 1.10 -0.0009 0.590 

1.2005 0.8330 -3.6 1.09 -0.0010 0.588 

1.1111 0.9000 -3.4 1.08 -0.0010 0.581 

1.1001 0.9090 -3.4 1.08 -0.0010 0.580 

1.0000 1.0000 -3.3 1.06 -0.0011 0.576 

0.9091 1.1000 -3.2 1.07 -0.0012 0.569 

0.9001 1.1110 -3.2 1.07 -0.0012 0.568 

0.8503 1.1760 -3.2 1.07 -0.0012 0.566 
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T(s) Freq (Hz) C1(freq) C2(freq) C4 (freq) Sigma 

0.8333 1.2000 -3.2 1.07 -0.0012 0.567 

0.8000 1.2500 -3.1 1.05 -0.0013 0.569 

0.7692 1.3000 -3.0 1.04 -0.0013 0.571 

0.7502 1.3330 -2.9 1.03 -0.0013 0.569 

0.7143 1.4000 -2.8 1.02 -0.0014 0.560 

0.6998 1.4290 -2.8 1.02 -0.0014 0.556 

0.6798 1.4710 -2.7 1.01 -0.0014 0.548 

0.6667 1.5000 -2.7 1.01 -0.0015 0.544 

0.6601 1.5150 -2.7 1.00 -0.0015 0.543 

0.6402 1.5620 -2.6 1.00 -0.0015 0.539 

0.6250 1.6000 -2.6 1.00 -0.0015 0.536 

0.6200 1.6130 -2.6 0.99 -0.0015 0.534 

0.5999 1.6670 -2.5 0.99 -0.0015 0.532 

0.5882 1.7000 -2.5 0.99 -0.0016 0.531 

0.5800 1.7240 -2.5 0.98 -0.0016 0.530 

0.5599 1.7860 -2.4 0.98 -0.0016 0.528 

0.5556 1.8000 -2.4 0.98 -0.0016 0.527 

0.5400 1.8520 -2.4 0.98 -0.0017 0.523 

0.5263 1.9000 -2.4 0.97 -0.0017 0.518 

0.5200 1.9230 -2.4 0.97 -0.0017 0.516 

0.5000 2.0000 -2.3 0.96 -0.0017 0.509 

0.4801 2.0830 -2.2 0.95 -0.0018 0.505 

0.4762 2.1000 -2.2 0.94 -0.0018 0.504 

0.4600 2.1740 -2.1 0.93 -0.0019 0.502 

0.4545 2.2000 -2.0 0.92 -0.0019 0.501 

0.4399 2.2730 -1.9 0.90 -0.0019 0.499 

0.4348 2.3000 -1.9 0.90 -0.0019 0.498 

0.4200 2.3810 -1.8 0.88 -0.0019 0.492 

0.4167 2.4000 -1.7 0.87 -0.0019 0.491 

0.4000 2.5000 -1.6 0.85 -0.0019 0.484 

0.3846 2.6000 -1.5 0.84 -0.0020 0.479 

0.3799 2.6320 -1.5 0.83 -0.0020 0.477 

0.3704 2.7000 -1.5 0.82 -0.0020 0.474 

0.3600 2.7780 -1.4 0.81 -0.0021 0.474 

0.3571 2.8000 -1.4 0.81 -0.0021 0.473 

0.3448 2.9000 -1.2 0.79 -0.0021 0.470 

0.3400 2.9410 -1.2 0.78 -0.0021 0.469 

0.3333 3.0000 -1.1 0.77 -0.0021 0.468 

0.3200 3.1250 -1.0 0.75 -0.0022 0.464 

0.3170 3.1550 -1.0 0.75 -0.0022 0.463 

0.3030 3.3000 -0.9 0.73 -0.0023 0.457 
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T(s) Freq (Hz) C1(freq) C2(freq) C4 (freq) Sigma 

0.3000 3.3330 -0.9 0.73 -0.0023 0.457 

0.2900 3.4480 -0.9 0.72 -0.0023 0.456 

0.2800 3.5710 -0.8 0.72 -0.0024 0.456 

0.2778 3.6000 -0.8 0.72 -0.0024 0.455 

0.2632 3.8000 -0.7 0.70 -0.0025 0.449 

0.2597 3.8500 -0.7 0.70 -0.0025 0.448 

0.2500 4.0000 -0.6 0.68 -0.0025 0.444 

0.2400 4.1670 -0.5 0.66 -0.0026 0.442 

0.2381 4.2000 -0.5 0.66 -0.0026 0.442 

0.2273 4.4000 -0.4 0.65 -0.0027 0.440 

0.2198 4.5500 -0.3 0.64 -0.0027 0.438 

0.2174 4.6000 -0.3 0.63 -0.0027 0.438 

0.2083 4.8000 -0.2 0.62 -0.0027 0.435 

0.2000 5.0000 -0.1 0.61 -0.0028 0.435 

0.1905 5.2500 -0.1 0.59 -0.0028 0.435 

0.1900 5.2630 0.0 0.59 -0.0028 0.435 

0.1818 5.5000 0.1 0.56 -0.0029 0.432 

0.1800 5.5560 0.1 0.55 -0.0029 0.431 

0.1739 5.7500 0.3 0.52 -0.0029 0.427 

0.1700 5.8820 0.3 0.51 -0.0029 0.427 

0.1667 6.0000 0.4 0.50 -0.0029 0.427 

0.1600 6.2500 0.4 0.49 -0.0029 0.427 

0.1538 6.5000 0.5 0.48 -0.0029 0.429 

0.1500 6.6670 0.5 0.47 -0.0029 0.432 

0.1481 6.7500 0.6 0.46 -0.0029 0.433 

0.1429 7.0000 0.7 0.43 -0.0030 0.431 

0.1400 7.1430 0.8 0.42 -0.0030 0.429 

0.1379 7.2500 0.8 0.42 -0.0030 0.429 

0.1333 7.5000 0.9 0.40 -0.0031 0.428 

0.1300 7.6920 0.9 0.40 -0.0031 0.428 

0.1290 7.7500 0.9 0.40 -0.0032 0.428 

0.1250 8.0000 1.0 0.39 -0.0032 0.426 

0.1200 8.3330 1.0 0.38 -0.0033 0.428 

0.1176 8.5000 1.0 0.38 -0.0033 0.428 

0.1111 9.0000 1.1 0.36 -0.0033 0.429 

0.1100 9.0910 1.1 0.36 -0.0033 0.430 

0.1053 9.5000 1.1 0.35 -0.0033 0.433 

0.1000 10.0000 1.1 0.35 -0.0033 0.438 

0.0952 10.5000 1.1 0.35 -0.0033 0.446 

0.0909 11.0000 1.1 0.35 -0.0033 0.445 

0.0900 11.1110 1.1 0.35 -0.0034 0.445 
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T(s) Freq (Hz) C1(freq) C2(freq) C4 (freq) Sigma 

0.0870 11.5000 1.1 0.35 -0.0034 0.442 

0.0850 11.7650 1.1 0.34 -0.0034 0.441 

0.0833 12.0000 1.1 0.34 -0.0034 0.441 

0.0800 12.5000 1.1 0.34 -0.0035 0.445 

0.0769 13.0000 1.1 0.34 -0.0035 0.447 

0.0750 13.3330 1.1 0.34 -0.0035 0.444 

0.0741 13.5000 1.1 0.34 -0.0035 0.443 

0.0714 14.0000 1.1 0.35 -0.0036 0.442 

0.0700 14.2860 1.1 0.35 -0.0036 0.443 

0.0690 14.5000 1.1 0.35 -0.0036 0.445 

0.0667 15.0000 1.1 0.36 -0.0037 0.447 

0.0650 15.3850 1.0 0.36 -0.0037 0.449 

0.0625 16.0000 1.0 0.37 -0.0036 0.452 

0.0600 16.6670 1.0 0.36 -0.0037 0.456 

0.0588 17.0000 1.0 0.35 -0.0037 0.456 

0.0556 18.0000 1.0 0.35 -0.0037 0.459 

0.0530 18.8680 1.0 0.36 -0.0037 0.458 

0.0500 20.0000 1.0 0.36 -0.0037 0.461 

0.0455 22.0000 0.9 0.36 -0.0037 0.471 

0.0400 25.0000 0.9 0.37 -0.0036 0.477 

0.0357 28.0000 0.8 0.39 -0.0036 0.473 

0.0340 29.4120 0.7 0.40 -0.0035 0.470 

0.0323 31.0000 0.7 0.40 -0.0035 0.466 

0.0300 33.3330 0.6 0.41 -0.0035 0.462 

0.0294 34.0000 0.6 0.41 -0.0034 0.462 

      

 

 

 

 

 

 

 

 

 

 

 

 



Apéndice A 

 328

 



Apéndice B 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apéndice B:  
 

Validación de técnicas de simulación numérica del movimiento sísmico del suelo 
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Figura C.1. Registros sísmicos temporales de la componente U y W simulados utilizando el 
Modelo 1 de estructura y materiales elásticos. La señal está escalada en amplitud por 100. 
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Figura C.2. Espectro de la componente U y W simulados utilizando el Modelo 1 de estructura y 
materiales elásticos. La señal está escalada en amplitud por 1000. 
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Figura C.3. Registros sísmicos temporales de la componente U y W simulados utilizando el 
Modelo 1 de estructura y materiales ligeramente viscoelásticos. La señal está escalada en 
amplitud por 100. 
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Figura C.4. Espectro de la componente U y W simulados utilizando el Modelo 1 de estructura y 
materiales ligeramente viscoelásticos. La señal está escalada en amplitud por 1000. 
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Figura C.5. Registros sísmicos temporales de la componente U y W simulados utilizando el Modelo 1 
de estructura y materiales altamente viscoelásticos. La señal está escalada en amplitud por 100. 
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Figura C.6. Espectro de la componente U y W simulados utilizando el Modelo 1 de estructura y 
materiales altamente viscoelásticos. La señal está escalada en amplitud por 1000. 
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Figura C.7. Registros sísmicos temporales de la componente U y W simulados utilizando el 
Modelo 2 de estructura y materiales elásticos. La señal está escalada en amplitud por 100. 
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Figura C.8. Espectro de la componente U y W simulados utilizando el Modelo 2 de estructura y 
materiales elásticos. La señal está escalada en amplitud por 1000. 
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Figura C.9. Registros sísmicos temporales de la componente U y W simulados utilizando el Modelo 2 
de estructura y materiales ligeramente viscoelásticos. La señal está escalada en amplitud por 100. 
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Figura C.10. Espectro de la componente U y W simulados utilizando el Modelo 2 de estructura y 
materiales ligeramente viscoelásticos. La señal está escalada en amplitud por 1000. 
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Figura C.11. Registros sísmicos temporales de la componente U y W simulados utilizando el Modelo 1 
de estructura y materiales altamente viscoelásticos. La señal está escalada en amplitud por 100. 
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Figura C.12. Espectro de la componente U y W simulados utilizando el Modelo 2 de estructura y 
materiales altamente viscoelásticos. La señal está escalada en amplitud por 1000. 
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Figura C.13. Fotogramas de la evolución del frente de ondas planas propagándose en el valle. (cont.). 
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Figura C.14. Fotogramas de la evolución del frente de ondas planas propagándose en el valle. 
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Figura C.15. Espectros de la componente U simulados para todos los casos.  
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Figura C.16. Espectros de la componente W simulados para todos los casos. 
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