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Ground	  Motion	  Measures	  

Qualitative	  

*  Macroseimic	  Intensity	  
*  Empirical	  classification	  	  of	  the	  

earthquake	  intensity	  by	  
ordinale	  scales	  

*  Intensity	  Data	  Points	  (IDPs)	  are	  
typically	  measures	  of	  non-‐
numeric	  concepts	  like	  
moderate,	  damaging,	  
catastrophic,	  ecc	  

Quantitative	  

q Amplitude	  Parameters	  
o  Time	  history	  

q Frequency	  Content	  Parameters	  
o  Fourier	  Spectra	  
o  Response	  Spectra	  

q Dutation	  

Instrumental	  seismology	  Observational	  seismology	  



Macroseismic	  Intensity	  
Mallet’s	  Investigation	  of	  the	  1857	  Neapolitan	  Earthquake	  

……first	  principles	  of	  observational	  seismology	  

“An	  earthquake	  consists	  in	  the	  transmission	  
through	  the	  solid	  crust	  of	  the	  earth	  of	  

	  a	  wave	  of	  elastic	  compression”	  



Macroseismic	  Intensity	  
Database	  of	  historical	  seismology	  and	  macroseismic	  data	  



Instrumental	  	  
Ground	  Motion	  Parameters	  

http://itaca.mi.ingv.it 



q The	  attenuation	  of	  the	  ground-‐motion	  parameters	  
plays	  a	  key	  role	  in	  the	  evaluation	  of	  expected	  ground	  
shaking	  levels	  	  

q The	  implementation	  of	  data	  processing	  tools	  and	  
accelerometric	  archives	  allowed	  the	  calibration	  of	  
Ground	  Motion	  Prediction	  Equations	  based	  on	  
physical	  quantities	  (PGA,	  PGV,	  PSA,…)	  	  

Ground	  Motion	  Attenuation	  



Ground	  Motion	  Prediction	  Equations	  	  



Ground	  Motion	  Prediction	  Equations	  	  

Bindi	  et	  al.,	  2014	  



Ground	  Motion	  Prediction	  Equations	  
Northern	  Italy:	  calibration	  of	  novel	  GMPEs	  	  

( ) ( ) basSsofDM FFFMRFMFaY +++++=  ,log10

( ) ( ) ( )221 rrM MMbMMbMF −+−=
Magnitude	  term	  

Mr is the reference magnitude 

jjsof EfF =
Style	  of	  faulting	  term	  (dummy)	  	  

Site	  term	  (dummy)	  	  

Basin	  effect	  term	  (dummy)	  	  

(with j = NF, TF, UN) 

jjS SsF = (with j = A, B, C) 

Black	  lines	  mark	  the	  contribution	  of	  
2012	  Emilia	  seismic	  sequence	  

basbasbasF Δ= δ (for sites located within the  
alluvial basins, denoted as C1) 

Ground motion parameters Y: PGA, PGV, SA (5% 
damping, 0.04 ≤ T ≤ 4sec) for GeoH and vertical-
to-horizontal ratios 

26thIUGG - IASPEI Symposia – June 22 – July 2 2015, Prague  (Lanzano	  et	  al.,	  submitted	  to	  BSSA)	  



Ground	  Motion	  Prediction	  Equations	  
Northern	  Italy:	  calibration	  of	  novel	  GMPEs	  	  
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Distance	  term	  

NA	  Northern	  
Apennines	  

PEA	  Po	  Plain	  
and	  Eastern	  
Alps	  

Rh is a hinge distance 
On the basis of the data is fixed 
at 80km 
 
c1j and c2j are evaluated: 
j=1 sites on PEA and R ≤ Rh 
j=2 sites on PEA and R > Rh 
j=3 sites on NA and R ≤ Rh 
j=4 sites on NA and R > Rh 

3.4833.0 +⋅−= sref LONLAT
The equation of the separation line is: 

26thIUGG - IASPEI Symposia – June 22 – July 2 2015, Prague  (Lanzano	  et	  al.,	  submitted	  to	  BSSA)	  



Ground	  Motion	  Prediction	  Equations	  
Northern	  Italy:	  calibration	  of	  novel	  GMPEs	  	  

Slope	  change	  

Same	  attenuation	  

Po	  plain	  and	  Eastern	  Alps	  (PEA)	  

Northern	  Apeninnes	  (NA)	  

Rh	  

Rh	  

26thIUGG - IASPEI Symposia – June 22 – July 2 2015, Prague  (Lanzano	  et	  al.,	  submitted	  to	  BSSA)	  



q On	   the	   other	   hand,	   it	   is	   very	   hard	   to	   relate	   physical	  
quantities	  as	  PGA,	  PGV,	  PSA	  to	  earthquake	  damage	  

q It	  is	  advisable	  to	  study	  empirical	  relationship	  between	  
macroseismic	   intensity	   and	   ground-‐motion	  
parameters	  	  

Earthquake	  damage	  



Correlations	  between	  	  
Macroseismic	  Intensity	  and	  	  

Instrumental	  Ground-‐Motion	  Parameters	  



q The	   methodology	   is	   given	   by	   simple	   predictive	  
relationships	   between	   macroseismic	   intensity	   and	   GMP	  
as	  only	  independent	  variable	  (Bilal	  and	  Askan	  2014).	  	  

q To	   account	   for	   the	   uneven	   distribution	   of	   GMP	  
corresponding	   to	   single	  macroseismic	   intensity,	   a	  mean	  
of	  GMP	  is	  assigned	  to	  each	  macroseismic	  intensity	  level.	  

New	  relationships	  	  
for	  the	  italian	  region	  



New	  relationships	  	  
for	  the	  italian	  region	  

53	  earthquakes	  
[1976-‐2003]	  +	  2009	  

q The	   methodology	   is	   given	   by	  
simple	   predictive	   relationships	  
between	  macroseismic	   intensity	  
and	   GMP	   as	   only	   independent	  
variable	  (Bilal	  and	  Askan	  2014).	  	  

q To	   account	   for	   the	   uneven	  
d i s t r i b u t i o n 	   o f 	   G M P	  
co r r e spond i ng	   t o	   s i ng l e	  
macroseismic	   intensity,	   a	   mean	  
of	   GMP	   is	   assigned	   to	   each	  
macroseismic	  intensity	  level.	  



New	  relationships	  	  
for	  the	  italian	  region	  

119	  datapoints	  



New	  relationships	  	  
for	  the	  italian	  region	  



*  Data	  research	  for	  I≥8	  and	  I<5	  

*  Modelling	  and	  Physical	  Interpretation	  of	  
	  new	  empirical	  functional	  as	  

I=f(GMP)+G(Mw)+H(R)	  

Future	  developments	  


