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§  Near-­‐fault	
  ground	
  mo<ons	
  may	
  contain	
  long-­‐period	
  coherent	
  
velocity	
  pulses.	
  

§  Such	
  pulses	
  are	
  generated	
  by	
  succession	
  of	
  high	
  frequency	
  
accelera<on	
  peaks	
  or	
  integra<on	
  of	
  dis<nguishable	
  accelera<on	
  
pulses.	
  These	
  pulses	
  could	
  be	
  detrimental	
  for	
  structures.	
  	
  	
  

§  Current	
  intensity	
  measures	
  (IMs)	
  are	
  not	
  robust	
  enough	
  to	
  capture	
  
the	
  destruc<ve	
  power	
  of	
  impulsive	
  near-­‐fault	
  ground	
  mo<ons.	
  	
  

1999	
  M7.4	
  Kocaeli	
  and	
  M7.2	
  Düzce	
  Earthquakes	
  revealed	
  the	
  
devasta<ng	
  impacts	
  of	
  near-­‐fault	
  strong	
  velocity	
  pulses	
  

MOTIVATION	
  



INPUT	
  ENERGY,	
  DISSIPATION	
  AND	
  DAMAGE	
  

Structural	
  damage	
  during	
  strong	
  ground	
  shaking	
  is	
  
associated	
  with	
  both	
  the	
  seismic	
  input	
  energy	
  and	
  the	
  
ability	
  of	
  structural	
  components	
  to	
  dissipate	
  energy	
  
through	
  viscous	
  damping	
  and	
  inelas<c	
  cyclic	
  response.	
  	
  
	
  
	
  
Energy	
  balance	
  equa<on:	
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Near-­‐fault	
  records	
  may	
  
generate	
  sudden	
  energy	
  
input	
  which	
  is	
  larger	
  than	
  the	
  
accumulated	
  energy	
  at	
  the	
  
cessa<on	
  of	
  mo<on.	
  	
  
	
  
These	
  energy	
  jumps	
  arise	
  
due	
  to	
  existence	
  of	
  dis<nct	
  
accelera<on	
  pulses	
  
associated	
  with	
  long	
  period	
  
velocity	
  pulses	
  contained	
  in	
  
the	
  near	
  fault	
  records.	
  	
  

HIGH	
  INPUT	
  ENERGY	
  DEMAND	
  IN	
  NEAR-­‐FAULT	
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EFFECTIVE	
  CYCLIC	
  ENERGY	
  (ECE)	
  
“ECE” is the peak-to-peak  
energy demand (sum of  
hysteretic and damping 
 energies) imposed on a  
structure over an  
“effective duration” that 
is equivalent to the time  
between two zero-crossings  
of the “effective velocity pulse”  
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Incremental 
energy due to 

viscous 
damping	
   Incremental recoverable 

and irrecoverable strain 
energy.  
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COMPARISON	
  OF	
  ECE	
  WITH	
  OTHER	
  DEMAND	
  PARAMETERS	
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ECE	
  is	
  beVer	
  correlated	
  with	
  peak	
  seismic	
  demand	
  for	
  a	
  range	
  of	
  	
  
system	
  parameters	
  than	
  other	
  IMs	
  

Note:	
  Inelas<c	
  SDF	
  system	
  has	
  a	
  bilinear	
  hysteric	
  model,	
  and	
  constant	
  duc<lity	
  =	
  6	
  



ECE-­‐BASED	
  IM	
  

ECE	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  a	
  reliable	
  measure	
  of	
  the	
  cri<cal	
  seismic	
  
energy	
  transferred	
  to	
  a	
  structural	
  system	
  and	
  producing	
  
the	
  maximum	
  cyclic	
  deforma<on	
  in	
  a	
  single	
  effec<ve	
  
cycle.	
  On	
  the	
  basis	
  of	
  this	
  finding,	
  an	
  alterna<ve	
  IM	
  
based	
  on	
  ECE	
  is	
  developed:	
  
	
  

  
γ eff =

(ΔEI ,max ) / m
ωD

m	
  =	
  mass	
  of	
  the	
  system,	
  	
  
	
  	
  	
  	
  =	
  natural	
  frequency,	
  and	
  	
  
D	
  =	
  maximum	
  displacement	
  demand.	
  	
  
ω

  
(ΔEI ,max )



COMPARISON	
  OF	
  ECE-­‐BASED	
  IM	
  WITH	
  OTHER	
  
NON-­‐DIMENSIONAL	
  IMs	
  

   “ECE”                                                                                          EH / EI  
    

ECE-­‐based	
  IM	
  is	
  more	
  accurate	
  because	
  it	
  provides	
  smaller	
  
dispersion.	
  	
  

Note:	
  Inelas<c	
  SDF	
  system	
  has	
  a	
  bilinear	
  hysteric	
  model,	
  and	
  constant	
  duc<lity	
  =	
  6	
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•  The	
  use	
  of	
  elas<c	
  response	
  spectra	
  as	
  ground	
  mo<on	
  
intensity	
  measures	
  does	
  not	
  account	
  for	
  the	
  effects	
  of	
  
loading	
  history	
  (the	
  elas<c	
  response	
  spectra	
  of	
  a	
  
ground	
  mo<on	
  <me	
  history	
  and	
  its	
  transpose	
  are	
  
iden<cal).	
  	
  

•  Effec<ve	
  Cyclic	
  Energy	
  (ECE)	
  has	
  been	
  shown	
  by	
  Kalkan	
  
and	
  Kunnath	
  (2007)	
  to	
  correlate	
  well	
  with	
  the	
  peak	
  
displacement	
  demand	
  to	
  near-­‐fault	
  ground	
  mo<ons	
  
and	
  is	
  also	
  sensi<ve	
  to	
  the	
  loading	
  history.	
  

CONCLUSIONS	
  (1/2)	
  



•  ECE	
  as	
  an	
  intensity	
  measure	
  accounts	
  for	
  both	
  the	
  
characteris<cs	
  of	
  ground	
  mo<on	
  and	
  the	
  inelas<c	
  
response	
  of	
  the	
  structure.	
  

•  It	
  is	
  demonstrated	
  that	
  the	
  ECE	
  of	
  a	
  MDF	
  system	
  can	
  
be	
  approximated	
  by	
  the	
  ECE	
  of	
  the	
  inelas<c	
  equivalent	
  
SDF	
  oscillators	
  at	
  the	
  first	
  few	
  modal	
  periods	
  of	
  the	
  
structure.	
  	
  

•  Use	
  of	
  ECE	
  	
  in	
  the	
  development	
  of	
  a	
  structural	
  seismic	
  
demand	
  model	
  is	
  shown	
  to	
  improve	
  the	
  sufficiency	
  of	
  
the	
  model.	
  	
  

CONCLUSIONS	
  (2/2)	
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