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What	
  size	
  earthquakes	
  concern	
  
the	
  strong	
  mo)on	
  seismologist	
  
and	
  the	
  earthquake	
  engineer?	
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  of	
  J.	
  Anderson	
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First	
  significant	
  record:	
  March	
  10,	
  1933.	
  	
  Mw=6.4	
  

Peak	
  ver)cal	
  
Peak	
  component	
  

Mean	
  horizontal	
  =	
  	
  

� 

156 ×193 =174



Strong-motion stations are recording ground-motion close 
 to earthquakes without saturation	
  



Observa)ons	
  
•  Most	
  important	
  sources	
  of	
  strong	
  mo)on	
  data	
  

–  COSMOS	
  (hDp://www.cosmos-­‐eq.org/)	
  
–  Pacific	
  Earthquake	
  Engineering	
  Research	
  Center	
  (hDp://
peer.berkeley.edu/nga/)	
  

–  Japan	
  K-­‐Net	
  and	
  KiK-­‐Net	
  (hDp://www.k-­‐
net.bosai.go.jp/;	
  hDp://www.kik.bosai.go.jp/)	
  



Example	
  of	
  high	
  quality	
  databases	
  recently	
  used	
  for	
  
Ground-­‐Mo)on	
  predic)on	
  (Share,	
  FP7	
  project)	
  

•  ITACA	
  (Italy)	
  1165	
  records	
  (3	
  components)	
  from	
  202	
  events	
  
•  NGA	
  (US,	
  Taiwan)	
  3551	
  records	
  (3	
  components)	
  from	
  173	
  worldwide	
  

events)	
  
•  TNSMD	
  (Turkey)	
  4607	
  records	
  (3	
  components)	
  from	
  2996	
  events	
  occured	
  

in	
  and	
  around	
  Turkey	
  (between	
  1976	
  and	
  2007).	
  1679	
  records	
  from	
  745	
  
events	
  are	
  selected.	
  

•  ESMD:	
  462	
  records	
  (3	
  components)	
  from	
  110	
  events	
  (major	
  earthquakes	
  
occurred	
  in	
  and	
  around	
  Europe	
  between	
  1973	
  and	
  2003)	
  oba)ned	
  from	
  
the	
  Volume	
  2	
  CD-­‐Rom	
  (Ambraseys	
  et	
  al.,	
  2004).	
  

•  KIK-­‐Net	
  (Japan)	
  4704	
  records	
  (6	
  components	
  for	
  each	
  recording:	
  3	
  surface	
  
level	
  and	
  3	
  below	
  surface)	
  from	
  596	
  events	
  occurred	
  in	
  Japan	
  (between	
  
1998	
  and	
  2004).	
  

•  Cauzzi	
  and	
  Faccioli	
  :	
  1163	
  records	
  (2	
  horizontal	
  components)	
  from	
  60	
  
worldwide	
  events	
  (mainly	
  from	
  the	
  USA,	
  Italy,	
  Iceland,	
  Turkey	
  and	
  Japan).	
  

Courtesy	
  of	
  Sinan	
  Akkar	
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  al.,	
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Nation-wide 
Strong Motion 
Networks 
in Japan 

Courtesy	
  of	
  
	
  Pr.	
  Midorikawa	
  



We collected strong motion records on ground in the 2011 Tohoku earthquake from nation-
wide networks;  
Total 2367 (1223 from K-NET & KiK-net, 1144 from JMA, Prefectures and others)  

3 

The peak horizontal accelerations higher 
than 500 cm/s2 are observed at 210 sites 
and accelerations higher than 1000 cm/s2 
are at 34 sites, respectively. 

The peak horizontal velocities higher 
than 50 cm/s are observed at 110 sites 
and velocities higher than 100 cm/s are 
at 3 sites, respectively. 

Courtesy	
  of	
  Pr.	
  Midorikawa	
  



K-­‐NET	
  
Tsukidate	
  

Clay	
  

Rock	
  

Soil	
  Profile	
  at	
  K-­‐NET	
  Tsukidate	
   6	
  Courtesy	
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  Midorikawa	
  



3 years of data 2004-2008 in Japan !! 



K-NET/KiK-net acceleration (EW) for the 2011 Tohoku eq. 
Noguchi and Furumura (2011) 



K-NET/KiK-net displacement (EW) for the 2011 Tohoku eq. 
Noguchi and Furumura (2011) 



Ground-­‐mo)on	
  parameters	
  
	
  

•  PGA	
  
•  PGV	
  
•  Dura)on	
  
•  Fourier	
  spectrum	
  
•  Response	
  spectrum	
  



PGA	
  

PGV	
  



Source	
  :	
  Archuleta	
  et	
  al.,	
  1997	
  (gauche),	
  Kramer,	
  1997	
  (droite)	
  



Dura)on	
  :	
  defini)on	
  1	
  	
  

Source	
  :	
  Kramer,	
  1997	
  



Source	
  :	
  Kramer,	
  1997	
  

Dura)on	
  :	
  defini)on	
  2	
  	
  





Fourier	
  spectrum:	
  Defini)on	
  

•  For	
  any	
  )me	
  series	
  g(t),	
  the	
  Fourier	
  spectrum	
  
is:	
  

� 

G(ω) = g t( )
−∞

∞

∫ exp iω t( )dt



Fourier	
  transform	
  and	
  sampling	
  

Source	
  :	
  Reynolds,	
  1997	
  



Fourier	
  transform	
  

•  An	
  important	
  property	
  is	
  how	
  the	
  Fourier	
  transform	
  of	
  a	
  
deriva)ve	
  of	
  a	
  )me	
  series	
  is	
  related	
  to	
  the	
  Fourier	
  
transform	
  of	
  the	
  )me	
  series	
  itself.	
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hDp://www.ce.berkeley.edu/~mahin/CE227web/Bozorgni-­‐CampbellCh_BerteroBozorgnia.pdf	
  

SDF:	
  single	
  degree	
  of	
  freedom	
  



Response	
  spectrum	
  

 u



       T1 ≈ 0                              T2                                            T3                                T4 

                T1             T2                  T3                        T4 

a2 
a1 
 
a3 
a4 

T	
  period,	
  ζ	
  damping	
  	
  



Building code data 

T [s] 

a max [m/s2] 

T [s] 

a max [m/s2] 



 

Sd = u max

Sv = u max ω0Sd = PSV

SA = u max ω0
2Sd =ω0PSV = PSA

Response	
  spectrum	
  and	
  pseudo-­‐response	
  spectrum	
  

	
  
Sa(T=0,	
  ζ)	
  =	
  PGA	
  	
  whateverζ	
  
Sd(T=∞,	
  ζ)	
  =	
  PGD	
  whatever	
  ζ	
  
	
  
	
  
	
  
	
  

Links	
  between	
  Sa	
  and	
  ground-­‐mo)on	
  	
  

PSA,	
  PSV	
  and	
  PSD	
  are	
  not	
  used	
  if	
  T>>1s	
  or	
  Ϛ	
  >20%	
  



Response	
  and	
  Fourier	
  spectra	
  are	
  different	
  !!!!	
  



NRC	
  RG	
  I.60	
  response	
  spectrum	
  

PS	
  92	
  (Building	
  codes	
  normalized	
  spectra)	
  

El	
  Centro	
  



How	
  size	
  of	
  earthquake	
  maDers	
  
	
  





K-NET/KiK-net acceleration (EW) for the 2011 Tohoku eq. 
Noguchi and Furumura (2011) 
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K-NET/KiK-net displacement (EW) for the 2011 Tohoku eq. 
Noguchi and Furumura (2011) 
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Corner	
  Frequency	
  
(approx)	
  

Scaling	
  of	
  strong	
  mo)on	
  in	
  
Guerrero,	
  Mexico	
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Excep)onal	
  Accelera)ons	
  (Before	
  Tohoku	
  
earthquake)	
  

1.  Nahanni	
  1985	
  Site	
  1,	
  2380	
  cm/s2	
  	
  	
  
2.  Northridge	
  Tarzana,	
  1970	
  cm/s2	
  	
  
3.  Cape	
  Mendocino,	
  1843	
  	
  cm/s2	
  	
  
4.  2004	
  Niigata	
  Kawaguchi,	
  1839	
  cm/s2	
  	
  
5.  Imperial	
  Valley	
  1979	
  El	
  Centro	
  Array	
  #6,	
  1778	
  cm/s2	
  	
  
6.  2004	
  Niigata	
  Tohkamachi,	
  1765	
  cm/s2	
  	
  
7.  Northridge	
  Pacoima	
  Dam,	
  1743	
  cm/s2	
  	
  
8.  2003	
  Miyagi	
  Oki	
  MYG011	
  Oshika,	
  1587	
  cm/s2	
  	
  
9.  2004	
  Niigata	
  NIG019	
  Ojiya,	
  1533	
  cm/s2	
  	
  
10.  Gazli	
  Karakyr,	
  1430	
  cm/s2	
  	
  
Total	
  of	
  35	
  records	
  with	
  PGA>980	
  cm/s2	
  	
  

Courtesy	
  of	
  J.	
  Anderson	
  



Excep)onal	
  Veloci)es	
  (Before	
  Tohoku	
  
earthquake)	
  

1.  Chi	
  Chi	
  TCU068,	
  318	
  cm/s	
  
2.  Chi-­‐Chi	
  TCU052,	
  200	
  cm/s	
  
3.  Kobe	
  Takatori,	
  170	
  cm/s	
  
4.  Northridge	
  Rinaldi	
  Receiving	
  Sta)on,	
  160	
  cm/s	
  
5.  Kashiwazaki	
  Niigata-­‐2007-­‐	
  NIG018,	
  152	
  cm/s	
  
6.  Chi-­‐Chi	
  TCU065,	
  151	
  cm/s	
  
7.  Landers	
  Lucerne,	
  147	
  cm/s	
  
8.  Niigata	
  2004-­‐	
  Kawaguchi,	
  144	
  cm/s	
  
9.  Cape	
  Mendocino,	
  138	
  cm/s	
  
10.  Niigata	
  NIG019,	
  137	
  cm/s	
  
Total	
  of	
  41	
  records	
  with	
  PGV>100	
  cm/s	
  

Courtesy	
  of	
  J.	
  Anderson	
  



Betbeder-­‐Ma)bet,	
  2003	
  


