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•  Basic	  staMon	  informaMon	  

Iden%fying	  numbers	  
	  
Name	  (descrip%ve)	  
	  
Geode%c	  coordinates	  
	  
Sta%on	  housing	  (GMX	  first	  le@er)	  



Role	  and	  Contents	  
•  Repository	  of	  informaMon	  

for	  recording	  staMons	  
contribuMng	  data	  to	  flaOile	  

•  Basic	  staMon	  informaMon	  
•  Vs30	  from	  measurements	  

Profile	  depth,	  z	  
	  
Vsz	  (when	  z	  <	  30	  m)	  
	  
Vs30	  (extrap.	  when	  necessary)	  
	  
Data	  source	  



Role	  and	  Contents	  
•  Repository	  of	  informaMon	  

for	  recording	  staMons	  
contribuMng	  data	  to	  flaOile	  

•  Basic	  staMon	  informaMon	  
•  Vs30	  from	  measurements	  
•  Site	  proxies	  

Geotechnical	  categories	  (GMX	  
3rd	  le@er	  A-‐E)	  
	  
Surface	  geology	  &	  10	  arc-‐sec	  
slope	  (mostly	  CA)	  
	  
30	  arc-‐sec	  slope	  	  
	  
Terrain-‐type	  proxy	  
	  
Eleva%on	  (Taiwan)	  



Role	  and	  Contents	  
•  Repository	  of	  informaMon	  

for	  recording	  staMons	  
contribuMng	  data	  to	  flaOile	  

•  Basic	  staMon	  informaMon	  
•  Vs30	  from	  measurements	  
•  Site	  proxies	  
•  Depth	  parameters	  

SFBA	  model,	  USGS/Aagaard:	  
z1.0,	  z1.5	  ,	  z2.5	  
	  
Two	  So.	  Cal.	  Models	  (CVM-‐S4	  
&	  CVM-‐H11.1.0:	  z1.0,	  z2.5	  
	  
Japan	  model,	  NIED:	  z1.0,	  z1.5	  ,	  
z2.5	  



Vs30	  Terms	  

•  Vs30	  from	  data	   Alternate	  extrapola%on	  
models	  when	  z	  <	  30	  m	  (CA,	  
Japan	  –	  Kiknet,	  China)	  
	  
Assigned	  uncertainty	  of	  
σlnV=0.1	  when	  z	  ≥	  30	  m,	  
increases	  for	  lower	  z	  



Vs30	  Terms	  

•  Vs30	  from	  data	  
•  Vs30	  from	  proxy	  

Used	  only	  when	  no	  measurements	  
available	  
Proxies	  analyzed	  by	  region	  for	  bias	  
and	  dispersion	  
Weighted	  es%mates	  and	  σlnV	  
provided.	  Applicable	  proxies	  
indicated	  for	  each	  site	  in	  database.	  	  

California	  example	  
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Data	  Overview	  
NGA-‐West2	  
•  4160	  sites	  (1611	  in	  NGA)	  
•  Geographic	  distribuMon	  
•  Availability	  of	  proxies:	  

–  GMX	  3rd	  leZer:	  80%	  
–  Surf.	  Geol.:	  35%	  (CA)	  
–  Slope:	  99%	  

•  Vs30	  from	  measurements	  vs	  
proxy	  

	  	  



QuesMons?	  	  
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Context	  

•  Code-‐based	  ground	  
moMons	  	  

–  Ground	  moMon	  
parameters	  evaluated	  
for	  rock	  condiMons	  

–  Site	  factors	  by	  site	  class	  

–  Combined	  to	  form	  MCE	  
response	  spectrum	  

Ss	  ×	  Fa	  =	  SMS	   S1	  ×	  Fv	  =	  SM1	  
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NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  

Derived	  for	  Vs30-‐based	  
site	  categories	  A-‐E	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  

Intui%ve	  trends	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  

Applied	  in	  combina%on	  
with	  na%onal	  maps.	  SS	  
and	  S1	  @	  Vs30	  =	  760	  m/s	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  
•  Background	  

Developed	  	  in	  1992	  
workshop	  (used	  in	  1994	  
NEHRP	  Provisions)	  
	  
Contemporaneous	  na%onal	  
maps:	  Algermissen	  et	  al.,	  
1990	  
	  
GMPE:	  Schnabel	  &	  Seed,	  
1973	  



Schnabel	  &	  Seed,	  1973	  
	  
Combina%on	  of	  rock	  
recordings	  (likely	  Vs30	  ≈ 
600	  m/s)	  &	  deconvoled	  
soil	  recordings	  (Vs	  =	  2400	  
m/s)	  
	  
Reported	  to	  apply	  for	  
11000	  h/s	  =	  3400	  m/s	  
	  
	  



Algermissen	  et	  al.,	  1990	  (MF	  2120)	  
	  
Indicates	  Vs	  =	  750-‐900	  m/s	  
	  
Contradicts	  the	  u%lized	  GMPE	  
	  
Regardless,	  applies	  for	  hard	  rock	  
site	  condi%ons	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  
•  Background	  
•  Development	  

Empirical	  weak	  mo%on	  
amplifica%on	  (PGAr	  ≈	  
0.1	  g)	  
	  



Rock	   Soil	  

SFBA	  Sta%on	  pairs,	  1989	  
Loma	  Prieta	  Eq.	  (35	  
pairs)	  

Ref:	  Borcherdt	  and	  Glassmoyer,	  1994	  
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Flin	  =	  linear	  site	  amplificaMon	  
Vref	  =	  reference	  velocity	  
c	  =	  slope	  parameter	  
	  
Borcherdt,	  1994	  

Linear	  site	  amplifica%on:	  

Vref	  ≈1050	  m/s	  



Category	  boundaries	  and	  amplifica%on	  levels	  
set	  by	  commi@ee	  consensus	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  
•  Background	  
•  Development	  

Empirical	  weak	  mo%on	  
amplifica%on	  (PGAr	  ≈	  
0.1	  g)	  
	  
Simula%on-‐based	  
nonlinearity	  
	  



1-‐D	  Ground	  Response	  
simula%ons	  
	  
RepresentaZve	  Vs	  
profiles	  
	  
MRD	  curves	  from	  VuceZc	  
&	  Dobry	  1991;	  Seed	  et	  al.	  
1984	  
	  
Results	  synthesized	  as:	  
	  
	  
	  
	  
by	  Borcherdt,	  1994;	  
Dobry	  et	  al.,	  2000	  
	  

( ) am
refsa VVF −= 30

( ) vm
refsv VVF −= 30

Vref	  =1050	  m/s	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  
•  Background	  
•  Development	  

Empirical	  weak	  mo%on	  
amplifica%on	  (PGAr	  ≈	  
0.1	  g)	  
	  
Simula%on-‐based	  
nonlinearity	  
	  
General	  compa%bility	  
between	  Algermissen	  
PSHA	  maps	  &	  site	  
factors	  
	  



NEHRP	  Site	  Factors	  

•  Role	  of	  NEHRP	  
Provisions	  

•  Factors	  Fa	  and	  Fv	  
•  Background	  
•  Development	  

•  Subsequent	  use	  (since	  
1994)	  	  

Change	  of	  na%onal	  
maps:	  
	  
1996:	  Set	  to	  B-‐C	  boundary	  
(Vs30	  =	  760	  m/s);	  Frankel	  et	  
al.,	  1996	  
	  
Mix	  of	  category-‐based	  and	  
Vs30-‐based	  GMPEs	  
	  
2008:	  NGA	  GMPEs	  for	  
WUS	  with	  Vs30=760	  m/s	  
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NGA-‐West2	  Site	  Factors	  

•  Task	  8	  commiZee	  found	  discrepancies	  
between	  NEHRP	  and	  original	  NGA	  site	  factors	  	  

•  Site	  amplificaMon	  model	  developed	  to	  guide	  
evaluaMon	  of	  new	  factors	  

•  Proposal	  developed	  based	  on	  model	  
(tabulated	  factors	  &	  equaMons)	  

•  Alternate	  proposal	  by	  dissenMng	  commiZee	  
member	  



Data	  SelecMon	  Criteria	  

•  July	  2012	  flaOile.	  8611	  records.	  346	  events	  
•  Minimum	  of	  10	  records	  /	  event	  

•  Data	  with	  Rjb	  <	  100	  km	  only	  

•  Records	  omiZed	  having	  unknown	  ground	  
moMons,	  M,	  R,	  or	  Vs30	  



Site	  Model	  

•  Consider	  GMPE	  for	  rock	  site	  condiMons	  
(Vs30=760	  m/s)	  

•  Misfits	  expected	  for	  recording	  on	  soil	  
•  Compute	  residuals	  between	  data	  and	  rock	  
GMPE	  

•  Construct	  a	  site	  amplificaMon	  model	  to	  
remove	  trends	  with	  site	  parameters	  



Model	  Summary	  
•  Combined	  model	  

•  Linear	  term	  

	  
•  Nonlinear	  term	  
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f2	  =	  f(Vs30,	  PGAr)	  
f3	  =	  0.1	  g,	  f1	  =	  0	  

Vref	  =	  760	  m/s	  
c	  =	  slope	  term	  for	  Vs30-‐scaling	  
Δc	  =	  regional	  correcMon	  



Steps	  in	  Model	  Development	  

•  EvaluaMon	  of	  nonlinearity.	  Guided	  by	  data	  
trends	  and	  simulaMon	  results	  

•  EvaluaMon	  of	  Vs30-‐scaling,	  including	  regional	  
effects	  

•  Analysis	  of	  residuals	  to	  check	  performance	  



Nonlinearity	  

•  Data	  analysis	  
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Bin	  residuals	  (Rij)	  by	  Vs30:	  	  

Plot	  against	  PGAr	  

Nonlinear	  regression	  
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CD	  
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Nonlinearity	  



Nonlinearity	  

•  Data	  analysis	  
•  InterpretaMon	  of	  
simulaMon	  results	  
(Kamei	  et	  al.,	  2012)	  

Fit	  slope	  parameter	  
to	  simulaMon	  results	  

1	  
b	  



Nonlinearity	  

•  Data	  analysis	  
•  InterpretaMon	  of	  
simulaMon	  results	  
(Kamei	  et	  al.,	  2012)	  

•  Plot	  b	  vs	  Vs30	  and	  select	  
model	  that	  captures	  
trends	  



Nonlinearity	  



Vs30-‐Scaling	  

•  Remove	  nonlinearity	  
from	  residuals	  

( )nlji
lin
k FRR ln, −=



Vs30-‐Scaling	  

•  Remove	  nonlinearity	  
from	  residuals	  

•  Plot	  adjusted	  residuals	  
against	  Vs30,	  compute	  
slope	  



Vs30-‐Scaling	  



Vs30-‐Scaling	  



Vs30-‐Scaling	  

•  Remove	  nonlinearity	  
from	  residuals	  

•  Plot	  adjusted	  residuals	  
against	  Vs30,	  compute	  
slope	  

•  Regional	  variaMons	  in	  
slope	  observed	  



Vs30-‐Scaling	  

•  Remove	  nonlinearity	  
from	  residuals	  

•  Plot	  against	  Vs30,	  
compute	  slope	  

•  Regional	  variaMons	  in	  
slope	  observed	  

•  Parameter	  c	  set	  from	  
combined	  data	  set,	  Δc	  
from	  regional	  results	  

Period	  
(sec)

c Δ c	  (CA) Δ c	  (JP) Δ c	  (TW)

0.01 -‐0.53 -‐0.01 0.30 -‐0.15
0.02 -‐0.52 0.03 0.30 -‐0.17
0.03 -‐0.51 0.05 0.34 -‐0.19
0.05 -‐0.43 0.06 0.49 -‐0.25
0.075 -‐0.38 0.05 0.60 -‐0.28
0.1 -‐0.43 0.05 0.53 -‐0.26
0.15 -‐0.51 0.05 0.31 -‐0.18
0.2 -‐0.61 0.01 0.15 -‐0.08
0.25 -‐0.66 -‐0.03 0.03 -‐0.01
0.3 -‐0.73 -‐0.06 -‐0.01 0.04
0.4 -‐0.77 -‐0.04 -‐0.10 0.04
0.5 -‐0.81 -‐0.08 -‐0.12 0.08
0.75 -‐0.89 -‐0.08 -‐0.19 0.10
1 -‐0.92 -‐0.02 -‐0.13 0.05
1.5 -‐0.91 0.09 0.02 0.01
2 -‐0.90 0.19 0.16 -‐0.03
3 -‐0.89 0.21 0.23 -‐0.21
4 -‐0.89 0.28 0.28 -‐0.27
5 -‐0.85 0.32 0.29 -‐0.29
7.5 -‐0.75 0.32 0.35 -‐0.25
10 -‐0.69 0.48 0.31 -‐0.23

( ) ( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
Δ+=

ref

s
lin V

VccF 30lnln



NEHRP	  /	  ASCE	  Factors	  

•  Extensive	  deliberaMons	  over	  >	  2	  years.	  	  
•  Use	  Vref	  =	  760	  m/s	  
•  Use	  Δc	  =	  0	  
•  Select	  representaMve	  Vs30	  within	  categories	  
•  Use	  mean	  values	  of	  f2	  across	  period	  ranges	  for	  
Fa	  and	  Fv	  for	  each	  Vs30	  

•  Convert	  PGAr	  to	  Ss	  and	  S1:	  

•  Use	  mean	  values	  of	  c	  across	  period	  ranges	  
r

rs

PGAS
PGAS

×≈

×≈

7.0
3.2

1



NEHRP	  /	  ASCE	  Factors	  



NEHRP	  /	  ASCE	  Factors	  
F a	  

Site
Class PEER ASCE PEER ASCE PEER ASCE PEER ASCE PEER ASCE
A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 1.0 0.9 1.0 0.9 1.0 0.9 1.0 0.9 1.0
C 1.3 1.2 1.2 1.2 1.2 1.1 1.2 1.0 1.2 1.0
D 1.6 1.6 1.4 1.4 1.3 1.2 1.2 1.1 1.1 1.0
E 1.7 2.5 1.3 1.7 1.1 1.2 0.9 0.9 0.8 0.9

F v

Site
Class PEER ASCE PEER ASCE PEER ASCE PEER ASCE PEER ASCE
A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 1.0 0.9 1.0 0.9 1.0 0.9 1.0 0.9 1.0
C 1.4 1.7 1.4 1.6 1.4 1.5 1.4 1.4 1.4 1.3
D 2.0 2.4 1.8 2.0 1.7 1.8 1.6 1.6 1.5 1.5
E 2.6 3.5 2.1 3.2 1.8 2.8 1.6 2.4 1.5 2.4

S s 	  <	  0.25 S s 	  =	  0.5 S s 	  =	  0.75 S s 	  =	  1.0 S s 	  >	  1.25

S 1 	  <	  0.1 S 1 	  =	  0.2 S 1 	  =	  0.3 S 1 	  =	  0.4 S 1 	  >	  0.5

Favorable	  PUC	  response	  in	  Oct	  2012	  mee%ng	  



NEHRP	  /	  ASCE	  Factors	  

Alternate	  proposal	  
•  Reference	  condiMon	  taken	  as	  Class	  B	  (not	  Vs30	  =	  
760	  m/s).	  Vref	  ≈	  1050	  m/s	  per	  Borcherdt	  (1994)	  

•  NEHRP	  coefficients	  compared	  to	  2008	  NGA	  site	  
terms	  adjusted	  for	  Vref	  =	  1050	  m/s	  

•  NEHRP	  factors	  modified	  to	  remove	  misfits	  
•  Both	  proposals	  currently	  out	  for	  balloMng	  in	  Task	  
8	  working	  group	  

•  Proposal	  with	  most	  votes	  goes	  to	  PUC	  



Conclusions	  &	  RecommendaMons	  

•  Vs30	  remains	  the	  baseline	  site	  parameter	  

•  NGA-‐West2	  GMPEs	  will	  have	  nonlinear	  Vs30-‐based	  
site	  terms	  
–  Nonlinearity	  from	  data	  and	  simulaMons	  

–  Regional	  Vs30-‐scaling.	  Why?	  

•  Pending	  changes	  to	  NEHRP/ASCE	  site	  factors	  
–  Lack	  of	  consensus	  on	  Vref	  

–  Vs30-‐scaling	  based	  on	  global	  data	  

–  Reduced	  levels	  of	  nonlinearity	  (esp.	  C	  &	  D)	  





Site	  Factors	  in	  GMPEs	  
•  UMlizaMon	  of	  Vs30	  

•  DerivaMon	  of	  site	  
factors	  

•  NGA-‐NEHRP	  
comparisons	  

	  

Results	  indicate	  similar	  
Vs30	  scaling	  (parameter	  c)	  



Large	  
epistemic	  
uncertainty	  
for	  E	  
	  
Misfits:	  
• 	  Fa	  (B,	  E)	  
• 	  Fv	  (general)	  
• 	  Fv	  slopes	  (C,	  	  
D)	  
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Effect	  of	  
changing	  
NEHRP	  
Vref=760	  m/s	  
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