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Resumen

El  siguiente  trabajo  analiza  las  aplicabilidades  de  

diferentes  ecuaciones  predictivas  del  movimiento  

del  suelo  en  estadios  regionales.  Para  ello  se  han  

de  residuales.  Tanto  la  normalidad  como  la  adecu-

ación  del  modelo  están  conformes  siempre  que  los  

conjuntos  de  datos  sean  similares;;  sin  embargo,  

cuando  el  modelo  se  utiliza  para  la  predicción  de  

datos  en  diferentes  regiones  existe  deviación  de  

la  normalidad.  Por  ejemplo,  un  conjunto  de  datos  

-

dos  en  una  red  sísmica  fue  predicha  mediante  las  

et  al

desviaciones  de  adecuación.  Por  otra  parte,  si  se  

utiliza  el  modelo  que  hemos  derivadio  a  base  de  

adecuada.  Finalmente,  se  examina  la  dependencia  

de  las  ecuaciones  predictivas  de  los  mapas  de  zo-

nilización  sísmica  regionales.  Se  obtuvo  un  mapa  

era  similar  cuando  se  empleaban  dos  ecuaciones  
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-

is  seen  that  as  long  as  the  data  set  is  similar  to  

for   dataset   other   than   that   used   for   preparing  
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Introduction

requires   an   estimate   of   the   expected   ground  

motion  at  the  site  of  interest.  The  most  common  

mean   of   estimating   expected   ground   motion  

motion   model   as   seismologists   prefer   to   call   it  

is  a  mathematical  based  expression  that  relates  

associated   standard   deviation.   The   inclusion  

similar   active   tectonic   regions   have   been  

et  al

models  have  been  developed  under  this  project.  

et  

al

set   utilized,   model   parameterizations   and  

et  

al

conclude   that   although   some   regions   seem  

constrained,  models.

et  al

adequacies  for  predicting  values  other  than  that  

adequacies.

Residual  in  GMPE:  Concept

  
Y b f M f R f M R f Pi= 1 1 2 3 4( ) ( ) ( , ) ( )ε

Y   is   the  strong  motion  parameter  to  
be  predicted,  f1 M
scale  M;;  f2 R
R;;  f3 M,  R oint  function  of  M  and  R;;  f4 Pi

  

in  Y

cation  in  support  of  a  lognormal  distribution  for  

random  residual  comes  from  statistical  tests  on  

the  observed  scatter  about   the  predicted  value  

all   computations   related   to   the   ground  motion  

presence  of   fat   tail   in   the  distribution   function.  

assumption   is  to  construct  a  plot  of  cumulative  

in   an   increasing   order.   This   graph   is   a   straight  

as  normal  distribution.  Flattening  at  the  extreme  

or  heavier  tails  than  the  normal,  the  least  square  

inadequacies.   The   model   inadequacies   in   the  
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there   are   no   obvious  model   defect.   The  model  

in  this  plot.

Data  Set:

Accelerographs  have  been  installed  in  an  area  of  

parameters  of  events  recorded  at  three  or  more  

than  three  stations  have  been  determined  using  

balance  accelerometer  has  been  installed  at  each  

records   collected   from   the   accelerograph   have  

been  processed  using   the  procedure  suggested  

steps   involve   baseline   correction,   instrumental  

of  m
b s

  scale  has  been  used  in  

,  seismic  

moment  is  calculated  from  the  source  spectrum  

at   each   station   calculated   after   correcting   the  

entire   record   for   geometrical   and   anelastic  

attenuation.   The   S   phase   has   been   used   from  

each  record  and  is  corrected  for  geometrical  and  

Q

used  for  calculating  source  displacement  spectra  

for   all   records.   The   calculated   seismic  moment  

is  converted   into  moment  magnitude  using   the  

  

M Mw o= −2
3

10 710log ( ) .

Figure   1.   Normal   pro-

-

et  al
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Data   set   used   in   the   present   paper   includes  

Figure  2.

Figure  3.  
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et  al

et  al

            Log10

10

includes   accelerations   from   distance   ranging  

using  damped  least  square  inversion  method.  The  

obtain  relation  is  based  on  regression  model  given  

et  al

  
ln( ) . . . . ln( )PGA M r rw= − + + − +336 2 58 018 2 96 15

  

                                                  ln( ) . . . . ln( )PGA M r rw= − + + − +336 2 58 018 2 96 15

is  moment  magnitude  and  

data:

  
ln( ) . . . ln . ln( )PGA M r Ew= − + − − +5 8 2 62 0 16 1 33 15

  

                                                

ln( ) . . . ln . ln( )PGA M r Ew= − + − − +5 8 2 62 0 16 1 33 15

   is   the   moment  

Figure  4.
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Bhatia  et  al

  

Loga g M r r( ) . . log .= − + − −1 02 0 249 0 00255
  

Testing  normality  and  model  adequacies  on  
GMPE:

this  process   is   calculation  of   random   residuals.  

logarithm   of   actual   and   predicted   values.   The  

random  residuals  are  arranged  in  an  increasing  

order   and   are   plotted   against   cumulative  

departures   from   a   straight   line   indicate   that  

the  distribution  is  not  normal.  A  departure  from  

t   or   F  

et   al

seen  that  as  long  as  the  plot  of  random  residuals  

band   there   are   no  model   inadequacies.   Strong  

deviations   of   random   residuals   from   this   band  

and  strange  patterns  often   resulted  due   to   the  

et  al

Figure  5.
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The   plot   of   random   residual   versus   cumulative  

horizontal  band  of  residual  in  all  range  of  actual  

data  defend  that  the  model  is  adequate  to  predict  

Funnel   pattern   in   the   plot   of   random   residual  

that  variance  increases  as  Y  decreases  and  this  

can  be  attributed  from  less  number  of  data  point  

in  high  magnitude  range.

also   falls   in   a   straight   line   indicating   it   to   be  

than   that   used   for   developing   the   respective  

means   there   is   a   problem   of   underestimation.  

The  problem  of  underestimation  can  also  be  due  

Figure  6.  
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Figure   7.  
obtained   from   regression   relation  

Figure   8.  
obtained   from  regression  model  of  

et   al
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Figure   10.
plots   of   random   residual   produced  

Figure   9.  
obtained   from   regression   model   of  

et  al

distance  as  one  of  the  distance  dependent  

included   because   of   its   frequent   use   in   strong  

et  al

et   al.,  

et   al

et   al

match   in   terms   of   predicted   parameter,   strict  

a  major  parameter  for  seismic  hazard  zonation.
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Estimation   of   seismic   hazard   map   using  
different  GMPE:

seismic   hazard  map   of   the   region,   the   seismic  

using  a  semi  empirical  approach.  This  method  of  

et  

al

is   dependent   on   the   semi   empirical   simulation  

the   preparation   of   seismic   zonation   maps   for  

Figure  11.
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problem   of   overestimation   and   deviation   from  

lineaments  in  the  region.  The  length  of  a  possible  

rupture  along  these  lineaments  is  measured  from  

ruptures  along   these   lineaments   are   calculated  

record  using  semi  empirical  technique.

rupture   along   each   selected   lineament   using  

,  P ,...,P
am

possibilities   of   nucleation   points.   For   a   rupture  

divided   into   subfaults   of   size   n×n   there   are  

n×n  possibilities  of  nucleation  points.  Therefore  

the   process   of   simulation   generates   a   dataset  

ruptures.   The   database   includes   contributions  

the  observation  site.

magnitude   relation   for   this   region   is   calculated  

given  as:

each  point  is  computed.  Contours  of  the  expected  

zones.  These  zones  are  used  to  get  the  value  of  

of  a  seismic  hazard  zonation  map.

from   the   tectonic   and   geological   map   of   the  

attenuation   models   have   been   obtained   for  

et   al

°  to  33° °  to  
°

°   to   33°   and  
°   °  

for  modeling   lineaments   in   the  Kumaon   region  

et  al

used  for  preparing  seismic  hazard  in  this  paper  is  

        

term  of  distance  parameter.  The  seismic  hazard  

database  is  used  in  seismic  hazard  zonation  there  

is  no  drastic  difference   in   the  obtained   seismic  

hazards   of   the   region   using   similar   technique.  

This   test   demonstrates   importance   of   proper  

Conclusions

against  the  data  that  are  present  in  that  region  

data  set  is  similar  as  the  one  used  for  generating  
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Figure   12.

of   seismic   zonation   map.   The   ruptures  

Figure  13.
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for   predicting   dataset   other   than   that   used   for  

the   other   side   the   regression  model   developed  

obtained   seismic   zonation   map,   the   region   of  

for  seismic  zonation  and  other  uses.
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