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INTRODUCTION	
  -­‐ 	
  KMI	
  

Kinemetrics,	
  Inc.	
  
§ Founded	
  in	
  1969	
  
§ OYO	
  Corp	
  owned	
  in	
  1991	
  
§  ISO9001	
  since	
  1999	
  
§ $35M	
  FY2012	
  revenue	
  
(mostly	
  interna?onal)	
  

HQ’s	
  in	
  Pasadena	
  CA	
  with	
  
Sales	
  and	
  Project	
  offices	
  in	
  
Switzerland	
  &	
  Abu	
  Dhabi	
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Designs	
  and	
  manufactures	
  sensors,	
  
digi?zers	
  and	
  so^ware	
  

Designs	
  High-­‐End	
  Sensors	
  

Designs	
  High-­‐End	
  Digi?zers	
  

Cost-­‐Effec?ve	
  Products	
  

INTRODUCTION	
  -­‐ 	
  KMI	
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INTRODUCTION	
  -­‐ 	
  OSS	
  

Open	
  
Systems	
  
Services	
  

Specialized	
  team	
  of	
  
experts	
  in:	
  
§ 	
  Geosciences	
  
§ 	
  Earthquake	
  Engineering	
  
§ 	
  IT	
  &	
  Telemetry	
  
§ 	
  KMI	
  &	
  Other	
  
Technology	
  

Comprehensive	
  
applicaEon-­‐driven	
  
soluEons	
  &	
  services	
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INTRODUCTION	
  -­‐ 	
  OSS	
  

Seismic	
  Monitoring	
  
Seismic	
  Networks	
  	
  
Ocean	
  Boeom	
  Seismometers	
  
Volcano	
  Monitoring	
  
Environmental	
  Monitoring	
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INTRODUCTION	
  -­‐ 	
  OSS	
  

ENGINEERING	
  
Strong-­‐Mo?on	
  Networks	
  	
  
Structural	
  Monitoring	
  
NPP	
  &	
  Nuclear	
  Treaty	
  Verifica?on	
  
Construc?on	
  Monitoring	
  



INTRODUCTION	
  -­‐ 	
  OSS	
  

EMERGENCY	
  RESPONSE	
  

Equipment	
  (sensors)	
  

Telemetry	
  

Data/Display	
  
Center(s)	
  

Emergency	
  Management	
  

Response	
  Planning	
  

Real-­‐?me	
  loss	
  es?ma?on	
  	
  

Processing	
  &	
  
Visualiza?on	
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INTRODUCTION	
  -­‐ 	
  OSS	
  

SOCIAL	
  MEDIA	
  
We’re	
  everywhere	
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THE	
  PROBLEM	
  

•  In	
  the	
  US,	
  the	
  typical	
  business	
  emergency	
  plan	
  
calls	
  for	
  employees	
  to	
  Drop,	
  Cover,	
  and	
  Hold	
  
during	
  an	
  earthquake,	
  and	
  then	
  to	
  evacuate	
  the	
  
building	
  if	
  it	
  is	
  damaged	
  and	
  safe	
  to	
  do	
  so.	
  

•  At	
  this	
  point,	
  occupants:	
  employees	
  and	
  
managers,	
  may	
  find	
  themselves	
  in	
  the	
  situa?on	
  
of	
  being	
  unable	
  to	
  determine	
  what	
  is	
  the	
  
condi;on	
  of	
  their	
  building	
  and	
  if	
  its	
  safe	
  to	
  
reoccupy	
  un?l	
  it	
  is	
  inspected	
  and	
  deemed	
  safe	
  
by	
  a	
  city	
  or	
  county	
  building	
  inspector.	
  This	
  
usually	
  takes	
  3-­‐10	
  days	
  a^er	
  the	
  earthquake.	
  

•  Even	
  when	
  a	
  building	
  inspector	
  has	
  reached	
  the	
  
building,	
  it	
  could	
  take	
  a	
  lot	
  of	
  ;me	
  to	
  complete	
  a	
  
visual	
  inspec?on	
  and	
  o^en	
  is	
  recommended	
  a	
  
more	
  detailed	
  structural	
  evalua;on.	
  



11	
  

THE	
  FACTS	
  



•  Naval	
  Hospital	
  Bremerton	
  
•  Nisqually	
  Earthquake	
  of	
  
February	
  28,	
  2001	
  -­‐	
  6.8	
  
magnitude	
  

•  Evacua?on	
  was	
  ordered	
  
•  Further	
  Damage	
  inspec?on	
  
and	
  evalua?on:	
  no	
  significant	
  
structural	
  damage	
  

•  Pa?ent	
  confidence	
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THE	
  FACTS	
  



Preparedness	
  
•  Understa?ng	
  Seismic	
  Risk	
  	
  
•  Pre-­‐Earthquake	
  Assessments	
  
•  Monitoring	
  with	
  instrumenta?on	
  
•  Response	
  Plan	
  
•  Post-­‐Earthquake	
  Assessments	
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THE	
  SOLUTION	
  



•  City	
  of	
  San	
  Francisco	
  –	
  BROP	
  
– Financial	
  Ins?tu?ons	
  
– Federal	
  Buildings	
  
– CALTRANS	
  (CA	
  DOT)	
  
	
  	
  	
  

•  US	
  Navy	
  –	
  RiedMiddleton’s	
  REAP	
  
– Bremerton	
  Hospital	
  
– San	
  Diego	
  Medical	
  Center	
  
– Undisclosed	
  Facili?es	
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CASE	
  STUDIES	
  



•  What	
  is	
  BORP?	
  	
  
The	
  Building	
  Occupancy	
  Resump?on	
  Program	
  (BORP)	
  is	
  a	
  
program	
  that	
  allows	
  San	
  Francisco	
  building	
  owners	
  to	
  pre-­‐
cer?fy	
  private	
  post-­‐earthquake	
  inspec?on	
  of	
  their	
  buildings	
  
by	
  qualified	
  engineers	
  	
  

•  Why	
  BORP?	
  	
  
If	
  you	
  rely	
  on	
  uninterrupted	
  occupancy	
  for	
  your	
  building,	
  
BORP	
  could	
  get	
  you	
  back	
  in	
  business	
  sooner	
  a^er	
  a	
  quake.	
  	
  

•  How	
  BORP?	
  	
  
Within	
  BORP,	
  instrumenta?on	
  is	
  recommended	
  as	
  part	
  of	
  an	
  
Emergency	
  Inspec?on	
  Program	
  for	
  all	
  highrise	
  buildings.	
  This	
  
can	
  provide	
  valuable	
  post-­‐earthquake	
  informa?on	
  about	
  the	
  
performance	
  of	
  a	
  building,	
  in	
  addi?on	
  of	
  reducing	
  the	
  
percentage	
  of	
  joints	
  required	
  to	
  be	
  inspected	
  a^er	
  an	
  
earthquake.	
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THE	
  BROP	
  PROGRAM	
  



THE	
  REAP	
  PROGRAM	
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  *	
  Courtesy	
  of	
  Dave	
  Swanson,	
  Reid	
  Middleton	
  –	
  2011	
  EERI	
  Annual	
  Mee?ng	
  Poster	
  Presenta?on	
  	
  



ABU	
  DHABI	
  

M7.7	
  -­‐	
  83km	
  E	
  of	
  Khash,	
  Iran	
  
2013-­‐04-­‐16	
  10:44:20	
  UTC	
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§  For	
  UAE	
  buildings,	
  the	
  seismic	
  hazard	
  comes	
  from	
  large	
  distant	
  earthquakes	
  
§  These	
  types	
  of	
  events	
  can	
  make	
  occupants	
  feel	
  uneasy	
  during	
  shaking	
  that	
  can	
  last	
  for	
  
extended	
  periods	
  of	
  ?me	
  



ABU	
  DHABI	
  
	
  
§  For	
  example,	
  during	
  recent	
  Iran	
  earthquakes,	
  data	
  from	
  one	
  Abu	
  Dhabi	
  building	
  
showed	
  that	
  cri?cal	
  engineering	
  response	
  parameters	
  were	
  well	
  within	
  design	
  limits.	
  
The	
  building	
  structure	
  was	
  FINE!	
  	
  

Interstory	
  Dri^	
  for	
  tall	
  building,	
  Abu	
  Dhabi	
  –	
  IRAN	
  EQ	
  2013-­‐04-­‐16	
  with	
  typical	
  seismic	
  
design	
  performance	
  levels:	
  Immediate	
  Occupancy,	
  Life	
  Safety,	
  and	
  Collapse	
  Preven?on	
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ABU	
  DHABI	
  
	
  
§  In	
  this	
  case,	
  data	
  from	
  one	
  tall	
  Abu	
  Dhabi	
  building	
  showed	
  that	
  shaking	
  was	
  above	
  the	
  
level	
  of	
  human	
  percep;on	
  for	
  over	
  an	
  hour!	
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ABU	
  DHABI	
  

WHAT	
  IS	
  NEXT?	
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OUTLINE	
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§  Enhanced	
  Rapid	
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Assessment	
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§  Summary	
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Post-­‐Earthquake	
  Assessment	
  
§  PEA	
  refers	
  to	
  the	
  decision	
  making,	
  inspec;on,	
  and	
  safety	
  evalua;on	
  of	
  a	
  
structure	
  following	
  a	
  significant	
  earthquake	
  

§  Level	
  of	
  enforcement	
  and	
  emergency	
  ac?on	
  will	
  vary,	
  but	
  many	
  buildings	
  will	
  
be	
  evacuated	
  and	
  occupants	
  not	
  allowed	
  re-­‐entry	
  un?l	
  an	
  officially	
  
sanc;oned	
  safety	
  assessment	
  

To	
  prevent	
  unnecessary	
  evacua;ons	
  and	
  minimize	
  down;me,	
  a	
  
proac?ve	
  solu?on	
  to	
  performing	
  rapid,	
  detailed,	
  and	
  accurate	
  post-­‐
disaster	
  safety	
  evalua?ons	
  of	
  cri?cal	
  and	
  essen?al	
  facili?es	
  is	
  needed	
  

§  Occupants	
  in	
  essen?al	
  facili?es	
  such	
  as	
  
hospitals,	
  emergency	
  opera?ons	
  centers,	
  
military	
  installa?ons,	
  cri?cal	
  financial	
  
ins?tu?ons,	
  and	
  nuclear	
  power	
  plants,	
  
cannot	
  easily	
  evacuate	
  or	
  sustain	
  
expensive	
  down;me	
  wai?ng	
  for	
  a	
  
detailed	
  safety	
  assessment	
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Rapid	
  Post-­‐Earthquake	
  Assessment	
  
§  Rapid	
  PEA	
  refers	
  to	
  a	
  service	
  contracted	
  by	
  engineering	
  consultants	
  that	
  serve	
  
as	
  ‘on-­‐call’	
  safety	
  inspectors	
  	
  

§  Possible	
  because	
  of	
  forward-­‐thinking	
  jurisdic?ons	
  that	
  have	
  established	
  
Building	
  Occupancy	
  Resump;on	
  Programs	
  (BORP)	
  that	
  permit	
  engineers-­‐on-­‐
call	
  to	
  be	
  pre-­‐depu?zed	
  to	
  perform	
  ATC-­‐20	
  tagging	
  in	
  lieu	
  of	
  official	
  inspectors	
  	
  

§  However,	
  in	
  large	
  urban	
  areas	
  like	
  San	
  Francisco,	
  ‘on-­‐call’	
  engineers	
  can	
  have	
  
several	
  building	
  sites	
  under	
  contract	
  and	
  easily	
  become	
  overwhelmed	
  in	
  a	
  
declared	
  state	
  of	
  emergency	
  

§  Tradi?onal	
  visual-­‐based	
  inspec?ons	
  
impose	
  high	
  costs	
  and	
  inconvenience	
  on	
  
building	
  owners	
  and	
  occupants	
  alike	
  
because	
  physical	
  access	
  to	
  structural	
  
members	
  may	
  require	
  the	
  removal	
  of	
  non-­‐
structural	
  components	
  such	
  as	
  interior	
  
par??ons	
  and	
  fire	
  proofing	
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Enhanced	
  Rapid	
  Post-­‐Earthquake	
  Assessment	
  
§  Enhanced	
  Rapid	
  PEA	
  refers	
  to	
  the	
  services	
  previously	
  described	
  but	
  enhanced	
  
by	
  u?lizing	
  informa?on	
  from	
  advanced	
  strong-­‐mo?on	
  instrumenta?on	
  	
  

§  This	
  level	
  of	
  service	
  is	
  enabled	
  for	
  buildings	
  with	
  strong-­‐mo?on	
  
instrumenta?on	
  by	
  two	
  steps:	
  	
  
1)  introducing	
  a	
  system	
  with	
  Real-­‐Time	
  Monitoring,	
  and	
  Onsite	
  Display	
  and	
  

Alarm	
  capabili?es	
  (this	
  is	
  what	
  makes	
  it	
  advanced)	
  
2)  by	
  integra;ng	
  the	
  newly	
  afforded	
  informa?on	
  within	
  the	
  overall	
  rapid	
  

post-­‐earthquake	
  assessment	
  process	
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INTRODUCTION	
  

IntegraEon	
  within	
  Post-­‐Earthquake	
  Response	
  Process:	
  use	
  informa?on	
  	
  
to	
  make	
  informed	
  decisions	
  across	
  all	
  three	
  phases	
  of	
  post-­‐earthquake	
  
response	
  

Immediate	
  Response InspecEon	
  Phase Detailed	
  EvaluaEon	
  Phase 

Day Week Month
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Day Week Month

Immediate	
  Response 
§ 	
  Onsite	
  reac?on	
  that	
  occurs	
  immediately	
  a^er	
  
shaking	
  stops	
  and	
  “dust	
  seeles” 
§ 	
  The	
  natural	
  inclina?on	
  of	
  occupants	
  is	
  to	
  evacuate	
  
a^er	
  a	
  large	
  earthquake,	
  thus	
  the	
  immediate	
  goal	
  of	
  
this	
  phase	
  is	
  to	
  enable	
  con;nued	
  use	
  or	
  avoid	
  
unnecessary	
  evacua?on	
  or	
  facility	
  shutdown	
   
§ 	
  Onsite	
  alarms	
  provide	
  confidence	
  to	
  opera?on	
  
personnel	
  that	
  it	
  is	
  OK	
  to	
  stay	
  inside	
  and	
  con?nue	
  
“business	
  as-­‐usual”	
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InspecEon	
  Phase 
§ 	
  Ini?ated	
  ASAP,	
  but	
  can	
  be	
  a	
  few	
  days	
  or	
  weeks	
  
depending	
  on	
  extent	
  of	
  regional	
  damage	
  and	
  
contractual	
  arrangement 
§ 	
  Building	
  Response	
  informa?on	
  are	
  used	
  to	
  aid	
  
engineers	
  in	
  the	
  inspec;on	
  and	
  tagging	
  process	
  by	
  
targe?ng	
  areas	
  that	
  exceeded	
  predetermined	
  
thresholds 
§ 	
  More	
  detailed	
  response	
  analyses	
  can	
  be	
  quickly	
  
performed	
  and	
  results	
  presented	
  in	
  a	
  brief	
  handout	
  to	
  
supplement	
  the	
  immediate	
  informa?on	
  provided 

Day Week Month
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Detailed	
  EvaluaEon	
  Phase 
§ 	
  Extends	
  over	
  a	
  period	
  of	
  months 
§ 	
  earthquake	
  (and	
  a^ershock)	
  response	
  informa?on	
  can	
  aid	
  
in	
  the	
  subsequent	
  engineering	
  evalua?on	
  for	
  assessing	
  
poten?al	
  damage	
  and	
  extent	
  of	
  required	
  repairs.	
  This	
  is	
  
par?cularly	
  applicable	
  for	
  pre-­‐Northridge	
  SMRF’s	
  
connec?ons	
  which	
  are	
  suscep?ble	
  to	
  weld	
  fractures	
  that	
  are	
  
difficult	
  to	
  detect	
  and	
  expensive	
  to	
  repair 
§ 	
  Computer	
  models	
  of	
  buildings	
  can	
  be	
  calibrated	
  against	
  
actual	
  response	
  data	
  increasing	
  confidence	
  in	
  the	
  predic?ve	
  
analysis	
  regarding	
  performance	
  of	
  the	
  repaired/strengthened	
  
building	
  in	
  future	
  earthquakes	
   

Day Week Month



EX2:	
  CriEcal	
  Financial	
  InsEtuEon	
  
§  In	
  2006,	
  a	
  client	
  located	
  downtown	
  San	
  
Francisco	
  opted	
  to	
  implement	
  a	
  BORP	
  program	
  
enhanced	
  with	
  a	
  structural	
  monitoring	
  system	
  

§  Two	
  separate	
  buildings,	
  31	
  and	
  42	
  channel	
  
systems	
  	
  

§  The	
  larger	
  system	
  is	
  installed	
  in	
  a	
  building	
  with	
  
two	
  structures	
  seismically	
  isolated	
  by	
  expansion	
  
joints	
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EX2:	
  CriEcal	
  Financial	
  InsEtuEon	
  
§  In	
  2011,	
  this	
  par?cular	
  system	
  captured	
  
responses	
  to	
  two	
  small	
  earthquakes	
  of	
  
M4.0	
  and	
  M3.8	
  with	
  epicenters	
  near	
  
Berkeley	
  approximately	
  10	
  miles	
  away	
  	
  

§  The	
  system	
  triggered	
  on	
  accelera?ons	
  
but	
  not	
  dri^	
  

§  Small	
  earthquakes	
  help	
  to	
  refresh	
  
stakeholders	
  of	
  system	
  u;lity	
  and	
  also	
  
help	
  to	
  discover	
  minor	
  configura?on	
  
issues	
  

§  Long-­‐term	
  maintenance	
  programs	
  
maximize	
  up;me	
  and	
  assure	
  issues	
  get	
  
resolved	
  prior	
  to	
  poten?al	
  events	
  

§ Rights	
  to	
  ownership	
  language	
  should	
  be	
  
included	
  in	
  relevant	
  lease	
  agreements	
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  of	
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  Reid	
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  Mee?ng	
  Poster	
  Presenta?on	
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EX3:	
  US	
  NAVY	
  REAP	
  
§  In	
  2010,	
  San	
  Diego	
  Hospital	
  system	
  captured	
  responses	
  to	
  the	
  M7.2	
  Mexicali	
  
earthquake	
  approx	
  200km	
  away	
  

§  People	
  felt	
  it,	
  and	
  the	
  system	
  recorded	
  small	
  building	
  movements	
  in	
  nursing	
  towers	
  
§  In-­‐depth	
  analysis	
  was	
  quickly	
  done	
  and	
  the	
  report	
  helped	
  to	
  make	
  the	
  decision	
  that	
  a	
  
detailed	
  safety	
  evalua?on	
  was	
  not	
  necessary	
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§  The	
  analysis	
  included	
  response	
  
spectra	
  at	
  the	
  base	
  and	
  XY	
  par;cle	
  
mo;on	
  at	
  the	
  roof	
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1	
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3	
  

2:	
  EEsalat	
  HQs	
  

3:	
  Sun	
  &	
  Sky	
  Towers	
  

1:	
  The	
  Landmark	
  

4:	
  ADNEC	
  	
  
Capital	
  Gate	
  

5:	
  Al	
  Dar	
  
HQs	
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EX4:	
  Abu	
  Dhabi	
  Building	
  Network	
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EX4:	
  Abu	
  Dhabi	
  

M7.7	
  -­‐	
  83km	
  E	
  of	
  Khash,	
  Iran	
  
2013-­‐04-­‐16	
  10:44:20	
  UTC	
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EX4:	
  Abu	
  Dhabi	
  
§  For	
  UAE	
  buildings,	
  the	
  seismic	
  hazard	
  comes	
  from	
  large	
  distant	
  earthquakes	
  
§  These	
  types	
  of	
  events	
  can	
  make	
  occupants	
  feel	
  uneasy	
  during	
  shaking	
  that	
  can	
  last	
  for	
  
extended	
  periods	
  of	
  ?me	
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EX4:	
  Abu	
  Dhabi	
  
§  For	
  example,	
  during	
  recent	
  Iran	
  earthquakes,	
  data	
  from	
  one	
  Abu	
  Dhabi	
  building	
  
showed	
  that	
  cri?cal	
  engineering	
  response	
  parameters	
  were	
  well	
  within	
  design	
  limits.	
  
The	
  building	
  structure	
  was	
  FINE!	
  	
  

Interstory	
  Dri^	
  for	
  tall	
  building,	
  Abu	
  Dhabi	
  –	
  IRAN	
  EQ	
  2013-­‐04-­‐16	
  with	
  typical	
  seismic	
  
design	
  performance	
  levels:	
  Immediate	
  Occupancy,	
  Life	
  Safety,	
  and	
  Collapse	
  Preven?on	
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Source:	
  US	
  DOT	
  FTA-­‐VA-­‐90-­‐1003-­‐06	
  Transit	
  Noise	
  and	
  Vibra?on	
  
Impact	
  Assessment	
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EX4:	
  Abu	
  Dhabi	
  
§  In	
  this	
  case,	
  data	
  from	
  one	
  tall	
  Abu	
  Dhabi	
  building	
  showed	
  that	
  shaking	
  was	
  above	
  the	
  
level	
  of	
  human	
  percep;on	
  for	
  over	
  an	
  hour!	
  



It’s easier to get funding when the system is part of a larger retrofit or new 
design construction project 

Engineering implementation work and cost can be significant 
* See 15WCEE paper for full list of tasks typically required of design professionals * 

Generally, cabling does not present a significant cost compared to system and 
implementation costs, however; restricted access and the existence of 
hazardous materials may change this	
  

It’s simpler to obtain a standalone DSL line for remote access and real-time 
monitoring than to utilize an existing infrastructure because network admins 
are reluctant to provide support and access through firewalls	
  

While false positives are rare and can be minimized by careful selection of 
trigger logic, they can happen; so executing evacuations or other actions 
based on automatically generated system output should be avoided	
  

Real-time remote monitoring is crucial to ensure that the system is always 
operational and improves the likelihood of the data being available outside the 
affected region after a large earthquake	
  

Funding	
  

ImplementaEon	
  

Independent	
  
CommunicaEon	
  

Human	
  in	
  
the	
  Loop	
  

Remote	
  
Command	
  
&	
  Control	
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§  Introduc?on	
  
§  Enhanced	
  Rapid	
  Post-­‐earthquake	
  
Assessment	
  

§  Seismic	
  Monitoring	
  for	
  Large	
  FaciliEes	
  
§  Structural	
  Health	
  Monitoring	
  
§  Summary	
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SEISMIC	
  MONITORING	
  

Background	
  
§ In	
  1988,	
  EPRI	
  conducted	
  a	
  study	
  (NP-­‐5930)	
  that	
  set	
  out	
  to	
  determine	
  what	
  
cons?tutes	
  damaging	
  earthquake	
  mo;on	
  and	
  to	
  develop	
  criteria	
  for	
  
determining	
  exceedance	
  of	
  the	
  Opera?ng	
  Basis	
  Earthquake	
  (OBE)	
  

§ In	
  this	
  study,	
  several	
  ground	
  mo?on	
  characteris?cs	
  were	
  inves?gated	
  and	
  
trends	
  were	
  established	
  based	
  on	
  observed	
  structural	
  damage	
  for	
  over	
  250	
  
earthquake	
  histories	
  

§ The	
  conclusion	
  reached	
  was	
  that	
  a	
  combina?on	
  of	
  two	
  parameters	
  is	
  best	
  
suited	
  for	
  assessing	
  the	
  poten?al	
  damage	
  of	
  a	
  given	
  ground	
  mo?on	
  history;	
  

PSA	
  =	
  peak	
  spectral	
  response	
  pseudo-­‐accelera?on	
  
CAV	
  =	
  cumula?ve	
  absolute	
  velocity	
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Background,	
  Cont	
  
§ In	
  1997	
  the	
  NRC	
  published	
  a	
  regulatory	
  guide	
  (NRC-­‐1.166)	
  that	
  provided	
  
details	
  on	
  implementa?on	
  of	
  post-­‐earthquake	
  ac?ons	
  for	
  nuclear	
  power	
  
plants	
  (NPPs)	
  

§ It	
  included	
  PSA	
  and	
  CAV	
  as	
  well	
  as	
  a	
  new	
  exceedance	
  check	
  using	
  velocity	
  
response	
  spectra	
  

§ If	
  a	
  M5	
  or	
  greater	
  EQ	
  occurs	
  
within	
  a	
  200	
  km	
  radius,	
  a	
  
NPP	
  must	
  shutdown	
  unless	
  
it	
  can	
  reliably	
  advise	
  the	
  
NRC,	
  within	
  four	
  hours,	
  that	
  
the	
  earthquake's	
  effects	
  on	
  
the	
  plant	
  have	
  not	
  
exceeded	
  its	
  OBE	
  or	
  CAV	
  
design	
  requirements	
  

SEISMIC	
  MONITORING	
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Next-­‐Gen	
  Seismic	
  Monitoring	
  SoluEon	
  
§ Rather	
  than	
  trigger	
  on	
  earthquake,	
  calculate	
  spectra,	
  compare	
  results	
  to	
  
design	
  curves,	
  and	
  report	
  on	
  exceedance	
  and	
  issue	
  alarms,...	
  

§ Next	
  Genera?on	
  Seismic	
  Monitoring	
  solu?on	
  calculates	
  response	
  spectra	
  in	
  
real-­‐;me	
  and	
  issues	
  alarms	
  based	
  on	
  exceedance	
  

§ BRTT’s	
  Bighorn,	
  part	
  of	
  Antelope	
  Environmental	
  Data	
  Collec?on	
  So^ware	
  
Package	
  (for	
  data	
  collec?on	
  for	
  very	
  large	
  networks	
  and	
  real-­‐?me	
  seismic	
  
data	
  analyses)	
  

SEISMIC	
  MONITORING	
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SEISMIC	
  MONITORING	
  

Bighorn	
  (BRTT)	
  
§ Provides	
  a	
  very	
  fast	
  method	
  for	
  compu?ng	
  con?nuous	
  ?me-­‐dependent	
  
response	
  spectra	
  for	
  large	
  numbers	
  of	
  channels	
  

§ Includes	
  built-­‐in	
  web	
  display	
  system	
  

*	
  Courtesy	
  of	
  BRTT	
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SEISMIC	
  MONITORING	
  

Bighorn	
  (BRTT),	
  cont	
  

*	
  Courtesy	
  of	
  BRTT	
  



46	
  

SEISMIC	
  MONITORING	
  

Bighorn	
  (BRTT),	
  cont	
  
§ SOH	
  monitoring	
  for	
  each	
  facility	
  
and	
  for	
  en?re	
  network	
  of	
  plants	
  

*	
  Courtesy	
  of	
  BRTT	
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SEISMIC	
  MONITORING	
  

*	
  Courtesy	
  of	
  BRTT	
  

Bighorn	
  (BRTT),	
  cont	
  
§ Real-­‐?me	
  calcula?on	
  of	
  response	
  spectra	
  includes	
  crea?ng	
  frequency-­‐slice	
  
waveforms	
  and	
  compu?ng	
  peak	
  values	
  over	
  moving	
  ?me	
  windows	
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SEISMIC	
  MONITORING	
  

Bighorn	
  (BRTT),	
  cont	
  

*	
  Courtesy	
  of	
  BRTT	
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SEISMIC	
  MONITORING	
  

*	
  Courtesy	
  of	
  BRTT	
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SEISMIC	
  MONITORING	
  

Summary	
  
§ New	
  Development	
  
§ Bighorn	
  represents	
  a	
  paradigm	
  shi^	
  in	
  how	
  emergency	
  management	
  
of	
  mul?ple	
  large	
  facili?es	
  can	
  u?lize	
  advantages	
  of	
  strong-­‐mo?on	
  
networks	
  

§ The	
  result	
  is	
  a	
  simpler	
  more	
  robust	
  computa?on	
  algorithm	
  with	
  less	
  
failure	
  points	
  

Event?	
  

Process	
  

Trigger?	
  

Data	
  

Ac?on	
  

Data	
   Ac?on	
  Process	
  
Trigger?	
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§  Strong-­‐Mo?on	
  Instrumenta?on	
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  Rapid	
  Post-­‐earthquake	
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§  Real-­‐Time	
  Monitoring	
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  Facili?es	
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  Health	
  Monitoring	
  
§  Summary	
  



I-­‐35W	
  Bridge	
  Collapse	
  Arabdrill	
  19,	
  UAE	
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What	
  is	
  Structural	
  Health	
  Monitoring	
  (SHM)?	
  

§ The	
  con;nuous	
  and	
  automated	
  process	
  of	
  assessing	
  a	
  structures’	
  state-­‐
of-­‐health,	
  i.e.,	
  extent	
  of	
  damage	
  

§ The	
  goal	
  is	
  to	
  detect	
  damage	
  before	
  it	
  reaches	
  a	
  cri?cal	
  state	
  

§ SHM	
  implies;	
  permanent	
  instrumenta?on,	
  real-­‐?me	
  processing,	
  damage	
  
detec?on	
  (and	
  loca?on)	
  algorithms,	
  and	
  some	
  online	
  aler?ng	
  system	
  



Types	
  of	
  SHM	
  –	
  Local	
  v	
  Global	
  

§ Local	
  SHM	
  measures	
  micro	
  responses	
  and	
  detects	
  localized	
  damage,	
  but	
  
usually	
  requires	
  sophis?cated	
  equipment	
  (ultrasound,	
  x-­‐ray,	
  piezoelectric	
  
actuators)	
  or	
  very	
  dense	
  networks	
  

§ Global	
  SHM	
  uses	
  sparse	
  deployments	
  to	
  measure	
  global	
  responses	
  such	
  
as	
  accelera?on	
  or	
  inter-­‐story	
  dri^	
  but	
  requires	
  complex	
  damage	
  
detec?on	
  algorithms	
  and	
  has	
  difficulty	
  to	
  localize	
  damage	
  	
  

(Scalea,	
  UCSD)	
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(IRIB	
  SHM	
  System,	
  UD)	
  



(Farrar,	
  Los	
  Alamos)	
  

(Naeim,	
  JAMA)	
  

STRUCTURAL	
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Global	
  SHM	
  Approaches	
  
§ Vibra?on-­‐based	
  (track	
  changes	
  in	
  
modal	
  proper?es	
  or	
  wave	
  
propaga?ons)	
  

§ Model	
  Upda?ng	
  (automated	
  FEM)	
  
§ Combina?on	
  Suite	
  of	
  Response	
  
Quan??es	
  (damage	
  index)	
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SHM	
  Issues	
  –	
  is	
  it	
  worth	
  it?	
  
§ Onset	
  of	
  damage	
  can	
  be	
  fast	
  (earthquake)	
  or	
  slow	
  (fa?gue,	
  aging)	
  
§ For	
  dynamic	
  events,	
  ‘Improved	
  Safety’	
  is	
  generally	
  not	
  the	
  impervious	
  
incen?ve	
  its	
  usually	
  made	
  out	
  to	
  be	
  because	
  if	
  there	
  is	
  dangerous	
  damage	
  
in	
  civil	
  structures,	
  you	
  do	
  not	
  need	
  any	
  sensors	
  to	
  see	
  it	
  

§ The	
  real	
  benefit	
  of	
  SHM	
  comes	
  when	
  you	
  can	
  reduce	
  repair	
  costs	
  or	
  prolong	
  
life	
  of	
  a	
  structure	
  by	
  detec?ng	
  onset	
  of	
  slow	
  damage	
  before	
  it	
  gets	
  too	
  big.	
  	
  
Challenge:	
  Global	
  SHM	
  algorithms	
  typically	
  require	
  significant	
  	
  amount	
  of	
  
damage	
  before	
  its	
  observed	
  	
  

No	
  
Damage	
  

Beyond	
  
Repair	
  

Invisible	
  
Damage	
  

Obvious	
  
Damage	
  

SHM	
  

Measurable	
  
Change	
  

$ $$ $$$$ 
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SHM	
  Issues	
  –	
  is	
  it	
  worth	
  it?	
  
§ Despite	
  these	
  issues,	
  the	
  civil-­‐engineering	
  community	
  definitely	
  agrees	
  SHM	
  
is	
  worthy	
  endeavor	
  

§ Academic	
  research	
  efforts	
  are	
  plen?ful	
  and	
  solu?ons	
  consistently	
  proposed	
  
§  In	
  industry,	
  SHM	
  specifica?ons	
  are	
  finding	
  there	
  ways	
  onto	
  major	
  project	
  
tenders	
  

Ø  Mul?ple	
  sensor	
  types	
  
Ø  Some?mes	
  with	
  big-­‐picture	
  objec?ves,	
  but	
  not	
  usually	
  
Ø  Price	
  expecta?on	
  ?ed	
  to	
  hardware,	
  not	
  level	
  of	
  service	
  
Ø  Projects	
  tend	
  to	
  become	
  academic	
  s?ll	
  

§ On	
  technology	
  side,	
  our	
  challenge	
  s?ll	
  lies	
  within	
  implementa?on	
  of	
  a	
  fully	
  
integrated	
  SHM	
  system	
  (mul?ple	
  sensors,	
  common	
  acquisi?on,	
  different	
  
processing	
  approaches,	
  and	
  expert	
  consul?ng….)	
  



Biaxial	
  Tiltmeter	
  

DifferenEal	
  GPS	
  

LPR	
  Corrosion	
  
LVDTs	
   Fiber	
  OpEcs	
  

Other	
  Structural	
  Sensors	
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Tensioned	
  wire	
  vibrates	
  (when	
  plucked)	
  at	
  freq	
  propor?onal	
  to	
  strain	
  

•  Sta?c	
  Measurements	
  
• Highly	
  suscep?ble	
  to	
  temp	
  gradients,	
  built-­‐
in	
  temp	
  sensor	
  (thermistor)	
  

•  Electromagnet	
  used	
  to	
  pluck	
  wire	
  
•  Readout	
  is	
  frequency	
  not	
  voltage	
  
• Manufacturers:	
  Geokon,	
  Starmass,	
  Slope	
  
Indicator,	
  Geomechanics	
  

Pressure	
  Concrete	
  
Strain	
  

Load	
  Cell	
  Rebar	
  Strain	
   Displacement	
  

3D-­‐Displacement	
  

Vibra?ng	
  Wire	
  Sensors	
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Weather	
  StaEon	
  
PrecipitaEon	
  Sensor	
  

Radar	
  Level	
  Sensor	
  

Ambient	
  Air	
  

Air	
  Duct	
  

Environmental	
  Sensors	
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  Monitoring	
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SUMMARY	
  

1.  Enhanced	
  Rapid	
  Post-­‐earthquake	
  Assessment	
  is	
  useful	
  for	
  
cri?cal	
  and	
  essen?al	
  facili?es	
  
Ø  Advanced	
  systems	
  with	
  integra?on	
  into	
  3-­‐phase	
  

response	
  
2.  NG	
  strong-­‐mo?on	
  monitoring	
  for	
  large	
  or	
  mul?ple	
  facili?es	
  

using	
  real-­‐?me	
  response	
  spectra	
  computa?ons	
  	
  
Ø  Paradigm	
  shi^	
  in	
  SM	
  processing	
  

3.  SHM	
  fron?ers	
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