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How  accurate  are  numerical  methods  
that  are  use  for  design  of  cri.cal  
infrastructure?  
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Perlea	
  and	
  Beaty	
  (2010)	
  -­‐	
  Success	
  Dam	
  DeformaLon	
  contours	
  for	
  MCE	
  	
  



Q.  How  accurate  are  numerical  
methods  for  liquefac.on?


• Answer:	
  	
  We	
  don’t	
  know,	
  but	
  we	
  should!	
  

• This	
  presentaLon	
  summarizes	
  some	
  results	
  
from	
  an	
  NSF-­‐NEES	
  “Planning	
  Project”	
  designed	
  
to	
  help	
  answer	
  the	
  quesLon.	
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LEAP  –  Liquefac.on  Experiments  and  Analysis  Projects


An	
  internaLonal	
  effort	
  to	
  produce	
  a	
  set	
  of	
  high	
  quality	
  
test	
  data	
  for	
  validaLon	
  of	
  numerical	
  methods	
  of	
  
liquefacLon	
  analysis.	
  A	
  wide	
  range	
  of	
  problems	
  
requires	
  a	
  wide	
  range	
  of	
  experiments	
  –	
  mulLple	
  leaps.	
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LEAP  –  Liquefac.on  Experiments  and  Analysis  Projects


• ValidaLon	
  is	
  accomplished	
  through	
  a	
  combinaLon	
  of	
  	
  
A.	
  before-­‐the-­‐event	
  (true)	
  “pre”-­‐	
  dicLons	
  
B.	
  aber-­‐the-­‐event	
  (blind)	
  simulaLons,	
  	
  
C.	
  aber-­‐the-­‐event	
  simulaLons	
  comparing	
  divulged	
  results	
  for	
  
an	
  array	
  of	
  sensors	
  and/or	
  a	
  	
  sequence	
  of	
  events.	
  	
  (Validates	
  
the	
  numerical	
  method,	
  but	
  does	
  not	
  validate	
  a	
  persons	
  ability	
  
to	
  “pre”-­‐dict	
  the	
  parameters.)	
  

•  LEAP	
  database	
  is	
  to	
  archive	
  data	
  from	
  experiments	
  
and	
  simulaLons	
  to	
  enable	
  calibraLon,	
  verificaLon,	
  
and	
  validaLon	
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  Zeghal,	
  Abdoun,	
  Kokkali	
  	
  
Cambridge	
  (UK):	
  Madabhushi,	
  Haigh,	
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  S.	
  
Madabhushi	
  
NaJonal	
  Central	
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  (Taiwan):	
  Hung,	
  Lee,	
  Cheng	
  
Kyoto	
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  Iai,	
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  Ren,	
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  (China):	
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  Chen,	
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  Washington:	
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  (now	
  at	
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Databases  for  calibra.on,  verifica.on,  and  valida.on




Soil  proper.es  and  Element  Tests
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  Example	
  triaxial	
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  data	
  in	
  the	
  LEAP	
  database	
  (Vasko,	
  2015)	
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Databases  for  verifica.on  and  valida.on
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Dr	
  =	
  65%	
  



Centrifuges  use  in  LEAP-­‐GWU-­‐2015


	
  Facility g* Shaking	
  	
  
direcJon 

	
  Centrifuge	
  radius	
  to	
  1/3	
  
depth	
  of	
  the	
  model	
  soil	
  

(m) 
Cambridge 40.0	
   TangenLal 3.61	
   

Kyoto 44.4	
   TangenLal 2.527	
   
Davis 43.0	
   TangenLal 1.035 

Nat.	
  Central	
  U 26.0	
   Axial 2.085	
   
RPI 23.0	
   Axial 	
  2.7 

Zhejiang	
   26.0	
   Axial 4.183 
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Databases  for  verifica.on  and  valida.on




Mo.on  #2  –  base  accelera.on  and  
velocity
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Cyclic  displacements  
are  well  repeated  but  
residual  displacements  
are  quite  sensi.ve  to  
differences  in  the  
experiments
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Lateral	
  displacements	
  in	
  repeated	
  experiments	
  
	
  



Pore  pressures  
Mo.on  #2
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Accelera.ons  
Mo.on  #2
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RMSE	
  is	
  computed	
  based	
  on	
  the	
  normalized	
  excess	
  pore	
  
pressure	
  

Comparison  between  predic.ons  and  
experiment
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Conclusions

•  6	
  centrifuge	
  faciliLes	
  performed	
  comparable	
  
experiments	
  that	
  were	
  used	
  for	
  a	
  predicLon	
  exercise.	
  	
  
•  It	
  is	
  important	
  to	
  repeat	
  experiments!	
  
•  Cyclic	
  displacements	
  are	
  easy	
  to	
  duplicate	
  	
  
•  Residual	
  displacements	
  are	
  sensiLve	
  to	
  variaLons	
  between	
  
experiments	
  
•  Variability	
  allows	
  us	
  to	
  be(er	
  understand	
  the	
  sensiLvity	
  of	
  
performance	
  to	
  differences	
  in	
  iniLal	
  condiLons	
  
•  Provides	
  important	
  basis	
  for	
  judging	
  the	
  quality	
  of	
  the	
  data	
  
and	
  the	
  quality	
  of	
  a	
  validaLon	
  

•  LEAP	
  databases	
  of	
  soil	
  properLes	
  and	
  specificaLons	
  
are	
  now	
  public	
  
•  h(ps://nees.org/resources/13507/;	
  	
  
h(ps://nees.org/resources/13689/	
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Conclusions

•  Results	
  of	
  the	
  LEAP	
  planning	
  project	
  were	
  very	
  successful.	
  	
  
•  Have	
  developed	
  a	
  protocol	
  for	
  sharing	
  and	
  archiving	
  the	
  
data	
  that	
  may	
  be	
  followed	
  and	
  improved	
  in	
  future	
  leaps.	
  	
  
•  LEAP	
  will	
  contain	
  a	
  series	
  of	
  leaps	
  

•  LEAP-­‐Kyoto-­‐2014	
  –	
  lateral	
  spreading	
  in	
  a	
  laminar	
  box	
  
•  LEAP-­‐GWU-­‐	
  2015	
  –	
  lateral	
  spreading	
  in	
  a	
  rigid	
  box	
  
•  LEAP	
  -­‐-­‐-­‐-­‐-­‐-­‐	
  	
  	
  	
  2017	
  –	
  improvement	
  and	
  quanLficaLon	
  of	
  
sensiLvity	
  and	
  reproducibility	
  of	
  simulaLons	
  and	
  experiments	
  

•  LEAP	
  -­‐	
  Earth	
  Dams?	
  	
  
•  LEAP	
  -­‐	
  Bridges	
  or	
  Soil-­‐Structure	
  InteracLon?	
  
•  Field	
  case	
  histories?	
  

•  InteracLon	
  with	
  PEER	
  	
  -­‐	
  and	
  especially	
  NGL	
  –	
  Next	
  
GeneraLon	
  LiquefacLon	
  Models.	
  	
  

19	
  



LEAP:  Liquefac.on  
Experiments  and  
Analysis  Projects

Bruce	
  Ku(er	
  and	
  	
  Trevor	
  Carey,	
  UC	
  Davis	
  

Majid	
  Manzari,	
  George	
  Washington	
  University	
  
Mourad	
  Zeghal,	
  RPI	
  

	
  	
  
	
  	
  
	
  	
  
	
   2

0



Mo.on  #4
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Response  spectra  –  Mo.on  #2
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