
	
  

	
  

Post-­‐Earthquake	
  Data	
  Collection	
  Workshop	
  

Executive	
  Summary	
  
Anchorage,	
  Alaska	
  
July	
  20-­‐22,	
  2014	
  

Overview	
  and	
  Purpose	
  

A	
  workshop	
  to	
  discuss	
  recent	
  experiences	
  and	
  future	
  needs	
  related	
  to	
  post-­‐earthquake	
  data	
  collection	
  
was	
  held	
  in	
  Anchorage,	
  Alaska	
  from	
  July	
  20	
  –	
  22,	
  2014	
  with	
  participants	
  from	
  several	
  different	
  countries	
  
including	
  New	
  Zealand,	
  Italy,	
  Chile,	
  Japan,	
  Canada,	
  and	
  United	
  States.	
  	
  Due	
  to	
  recent	
  earthquakes	
  in	
  
many	
  of	
  the	
  represented	
  countries,	
  the	
  workshop	
  provided	
  a	
  unique	
  opportunity	
  to	
  review	
  data	
  
collected	
  internationally,	
  critically	
  evaluate	
  current	
  data	
  collection	
  approaches,	
  initiate	
  collaborative	
  
international	
  research	
  efforts	
  to	
  maximize	
  the	
  knowledge	
  gained	
  from	
  recent	
  devastating	
  events,	
  and	
  
begin	
  to	
  develop	
  international	
  consensus	
  on	
  data	
  collection	
  protocols	
  for	
  future	
  events.	
  	
  

To	
  achieve	
  a	
  manageable	
  scope,	
  the	
  workshop	
  focused	
  on	
  building-­‐related	
  data.	
  	
  Lifelines	
  such	
  as	
  
roadways,	
  power	
  distribution	
  systems,	
  etc.	
  are	
  clearly	
  essential	
  for	
  resilience	
  but	
  such	
  data	
  is	
  generally	
  
collected	
  in	
  a	
  systematic	
  manner	
  already	
  since	
  lifelines	
  are	
  typically	
  managed	
  by	
  a	
  single	
  entity.	
  Data	
  
collection	
  for	
  private	
  buildings	
  is	
  considerably	
  more	
  challenging.	
  Data	
  of	
  interest	
  to	
  this	
  workshop	
  
include	
  building	
  performance,	
  business	
  interruptions,	
  housing	
  impacts	
  and	
  post-­‐earthquake	
  decisions.	
  

Support	
  and	
  funding	
  for	
  this	
  workshop	
  was	
  provided	
  by	
  the	
  University	
  of	
  British	
  Columbia,	
  Ministry	
  for	
  
Business	
  Innovation	
  and	
  Employment	
  (New	
  Zealand),	
  and	
  the	
  Earthquake	
  Engineering	
  Research	
  Institute	
  
via	
  its	
  the	
  National	
  Science	
  Foundation	
  grant	
  entitled	
  "Seismic	
  Observatory	
  for	
  Community	
  Resilience	
  -­‐	
  A	
  
Program	
  to	
  Learn	
  from	
  Earthquakes"	
  (Award	
  No:	
  1235573).	
  

	
  
Participants	
  of	
  Post-­‐Earthquake	
  Data	
  Collection	
  Workshop,	
  Anchorage,	
  Alaska,	
  July	
  2014	
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Workshop	
  Procedure	
  

On	
  Day	
  1	
  workshop	
  participants	
  from	
  Italy,	
  Japan,	
  New	
  Zealand,	
  and	
  Chile	
  shared	
  their	
  experiences	
  with	
  
data	
  collection	
  and	
  data	
  use	
  after	
  recent	
  earthquakes.	
  	
  A	
  few	
  other	
  presentations	
  also	
  were	
  given	
  to	
  
share	
  lessons	
  from	
  recent	
  efforts	
  to	
  measure	
  resilience,	
  summarize	
  the	
  key	
  features	
  and	
  challenges	
  of	
  
data	
  collection	
  tools	
  developed	
  by	
  a	
  variety	
  of	
  organizations,	
  and	
  hear	
  perspectives	
  from	
  the	
  insurance	
  
and	
  risk	
  modeling	
  communities.	
  	
  These	
  presentations	
  prompted	
  discussion	
  and	
  prepared	
  participants	
  for	
  
the	
  next	
  day	
  of	
  breakout	
  discussions.	
  	
  The	
  workshop	
  purpose	
  and	
  agenda	
  can	
  be	
  found	
  in	
  Appendix	
  I	
  
and	
  the	
  Day	
  1	
  presentations	
  can	
  be	
  found	
  in	
  Appendix	
  II.	
  

On	
  Day	
  2,	
  workshop	
  participants	
  broke	
  into	
  three	
  groups	
  for	
  half-­‐day	
  discussions	
  on	
  data	
  collection	
  
protocols	
  for	
  the	
  following	
  three	
  topics	
  areas:	
  Physical	
  Damage	
  Data	
  (led	
  by	
  Santiago	
  Pujol),	
  Impact	
  Data	
  	
  
(led	
  by	
  Mary	
  Comerio),	
  and	
  Reconstruction	
  and	
  Recovery	
  Data	
  (led	
  by	
  Stephanie	
  Chang).	
  	
  The	
  groups	
  
were	
  asked	
  to	
  consider	
  and	
  reach	
  consensus	
  on	
  (1)	
  “Why	
  do	
  we	
  collect	
  data?”,(2)	
  “What	
  do	
  we	
  
collect?”,	
  and	
  (3)	
  “How	
  do	
  we	
  collect	
  this	
  data?”	
  	
  Summary	
  presentations	
  of	
  these	
  Day	
  2	
  breakout	
  
discussions	
  can	
  be	
  found	
  in	
  Appendix	
  III.	
  

The	
  final	
  event	
  of	
  the	
  workshop	
  was	
  a	
  two-­‐hour	
  conclusion-­‐generating	
  discussion	
  based	
  upon	
  the	
  
outcomes	
  of	
  the	
  Day	
  2	
  breakouts.	
  	
  The	
  resolutions	
  and	
  action	
  items	
  from	
  this	
  discussion	
  are	
  summarized	
  
below,	
  after	
  brief	
  summaries	
  of	
  the	
  breakout	
  sessions.	
  

Damage	
  Data	
  Breakout	
  

Building	
  damage	
  data	
  is	
  collected	
  for	
  several	
  purposes	
  following	
  an	
  event:	
  guide	
  immediate	
  response	
  
and	
  building	
  management	
  (e.g.	
  placarding);	
  identify	
  knowledge	
  gaps;	
  collect	
  damage	
  statistics;	
  assesses	
  
repair	
  actions;	
  insurance	
  evaluation;	
  and	
  forensic	
  studies.	
  Data	
  from	
  the	
  latter	
  three	
  purposes	
  are	
  not	
  
typically	
  easily	
  accessible	
  due	
  to	
  privacy	
  considerations.	
  Different	
  data	
  will	
  be	
  collected	
  depending	
  on	
  
the	
  purpose	
  but	
  common	
  links	
  between	
  the	
  data	
  collected	
  would	
  serve	
  to	
  reduce	
  duplication	
  of	
  effort.	
  
Discussants	
  identified	
  data	
  fields	
  to	
  be	
  collected	
  under	
  the	
  following	
  categories:	
  	
  Earthquake,	
  Structure,	
  
and	
  Consequences	
  (Appendix	
  	
  AIII,	
  pp.	
  A431-­‐A441).	
  To	
  avoid	
  the	
  restrictions	
  of	
  established	
  checklists,	
  
damage	
  descriptions	
  can	
  use	
  narratives	
  if	
  standard	
  terms	
  and	
  keywords	
  are	
  identified	
  in	
  advance.	
  	
  	
  

The	
  importance	
  of	
  having	
  a	
  representative	
  sample,	
  including	
  both	
  damaged	
  and	
  non-­‐damaged	
  buildings,	
  
was	
  emphasized,	
  particularly	
  when	
  using	
  the	
  data	
  for	
  damage	
  statistics.	
  	
  This	
  highlights	
  the	
  need	
  for	
  
pre-­‐earthquake	
  data	
  on	
  buildings.	
  	
  In	
  addition	
  of	
  helping	
  with	
  the	
  selection	
  of	
  a	
  representative	
  sample,	
  
pre-­‐earthquake	
  data	
  enables	
  post-­‐earthquake	
  building	
  management	
  and	
  improved	
  assessment	
  of	
  
building	
  safety	
  given	
  better	
  knowledge	
  of	
  structural	
  system.	
  

Research	
  needs	
  were	
  identified	
  for	
  potential	
  collaborative	
  research	
  proposals.	
  	
  In	
  particular,	
  it	
  is	
  critical	
  
to	
  establish	
  and	
  validate	
  methods	
  for	
  measuring	
  the	
  residual	
  capacity	
  of	
  damaged	
  building	
  structures.	
  
Development	
  of	
  such	
  a	
  method	
  will	
  also	
  inform	
  the	
  post-­‐earthquake	
  data	
  collection	
  needs.	
  

Impact	
  Data	
  Breakout	
  

Impact	
  data	
  represents	
  a	
  holistic	
  view	
  of	
  the	
  impact	
  on	
  the	
  social,	
  economic	
  and	
  natural	
  environments	
  
as	
  a	
  consequence	
  of	
  damages	
  to	
  the	
  physical	
  environment.	
  The	
  critical	
  sectors	
  include	
  but	
  are	
  not	
  
limited	
  to:	
  Housing,	
  Health,	
  Education,	
  Economy	
  (Jobs),	
  Environment,	
  Communication,	
  Lifeline	
  
operability,	
  and	
  the	
  Safety	
  of	
  Civil	
  Society.	
  	
  For	
  each	
  sector,	
  it	
  is	
  important	
  to	
  define	
  critical	
  metrics	
  and	
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recognize	
  the	
  need	
  for	
  baseline	
  data	
  of	
  what	
  existed	
  before	
  as	
  well	
  as	
  after	
  the	
  event.	
  The	
  discussants	
  
recognized	
  that	
  there	
  could	
  be	
  barriers	
  to	
  access	
  for	
  such	
  data.	
  However,	
  the	
  value	
  of	
  such	
  information	
  
cannot	
  be	
  overstated.	
  Impact	
  data	
  connects	
  the	
  physical	
  damage	
  with	
  operational	
  effectiveness—to	
  
define	
  building	
  functions	
  by	
  structure	
  type	
  and	
  link	
  loss/damage	
  with	
  disruption	
  of	
  service.	
  

Minimum	
  parameters	
  for	
  a	
  baseline	
  and	
  post	
  event	
  data	
  include:	
  Population	
  of	
  the	
  impacted	
  area	
  (make	
  
up	
  by	
  census);	
  the	
  percent	
  Urbanized	
  vs	
  non-­‐urbanized;	
  the	
  number	
  of	
  Dwelling	
  Units	
  (+	
  types),	
  the	
  
number	
  of	
  Hospitals/beds	
  (+types);	
  the	
  number	
  of	
  Schools	
  (+types);	
  the	
  number	
  of	
  Government	
  
buildings;	
  the	
  number	
  of	
  Industrial/commercial	
  buildings;	
  economic	
  Productivity	
  of	
  the	
  impact	
  area;	
  
Ground	
  Surface	
  Changes	
  and	
  Lifeline	
  Status;	
  to	
  be	
  linked	
  with	
  Structural	
  and	
  Non-­‐Structural	
  Damage.	
  

Discussants	
  were	
  clear	
  that	
  data	
  protocols	
  would	
  be	
  critical	
  and	
  suggested	
  existing	
  examples	
  such	
  as	
  the	
  
GEM	
  consequence	
  protocols,	
  the	
  World	
  Health	
  Organization	
  reports,	
  Sphere	
  Standards,	
  UNDAC	
  and	
  
other	
  existing	
  models	
  as	
  a	
  starting	
  point.	
  In	
  addition	
  the	
  discussants	
  made	
  the	
  case	
  that	
  the	
  engineering	
  
community	
  needs	
  to	
  take	
  ownership	
  of	
  functionality	
  requirements	
  to	
  improve	
  Performance	
  Based	
  
Design.	
  	
  See	
  notes	
  in	
  Appendix	
  AIII,	
  pp.	
  A442	
  -­‐	
  A446.	
  

Recovery	
  Data	
  Breakout	
  

In	
  addition	
  to	
  general	
  research	
  purposes,	
  data	
  collection	
  during	
  recovery	
  is	
  primarily	
  intended	
  to	
  inform	
  
decision	
  makers	
  on	
  “how	
  recovery	
  is	
  proceeding”.	
  	
  The	
  specific	
  question	
  to	
  be	
  addressed	
  with	
  the	
  
collected	
  data	
  depends	
  on	
  the	
  phase	
  of	
  response	
  and	
  recovery	
  as	
  shown	
  in	
  figure	
  below.	
  	
  Identification	
  
of	
  data	
  to	
  be	
  collected	
  for	
  each	
  phase	
  will	
  assist	
  in	
  decision	
  making	
  after	
  future	
  events.	
  

Ty
pe

 o
f D

at
a 

Social Basic 
services 

Wellbeing, risk 
perception  

Physical 
Can the 

building be 
used? 

What do you do 
with the building? 

(demolition 
decision) 

Code 
changes 

Hard     

 Emergency Reconstruction   Recovery 

 Time 

The	
  following	
  categories	
  of	
  data	
  were	
  identified	
  by	
  the	
  discussants:	
  Damage;	
  Rebuilding;	
  Functionality;	
  
Decisions;	
  Economics;	
  Behavior;	
  Population;	
  Perceptions.	
  	
  Types	
  of	
  data	
  under	
  each	
  of	
  these	
  categories	
  
were	
  identified	
  and	
  listed	
  in	
  Appendix	
  AIII,	
  pp.	
  A447	
  -­‐	
  A453.	
  Interviews	
  with	
  staff	
  and	
  general	
  population	
  
will	
  be	
  an	
  important	
  data	
  source	
  for	
  many	
  of	
  the	
  categories	
  identified.	
  	
  	
  

Multiple	
  sources	
  and	
  approaches	
  to	
  data	
  collection	
  are	
  needed	
  to	
  achieve	
  a	
  complete	
  picture	
  of	
  “how	
  
recovery	
  is	
  proceeding”.	
  In	
  particular,	
  linking	
  different	
  data	
  sources	
  and	
  types	
  (e.g.,	
  buildings	
  with	
  
owners/tenants;	
  business	
  actions/time/impact)	
  is	
  key	
  to	
  understanding	
  cause	
  and	
  effect	
  during	
  
recovery.	
  	
  The	
  importance	
  of	
  making	
  data	
  public	
  and	
  available	
  to	
  all	
  was	
  emphasized	
  during	
  the	
  
breakout	
  session.	
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Resolutions	
  

Empirical	
  evidence	
  from	
  past	
  earthquakes,	
  documented	
  through	
  standardized	
  collection	
  of	
  data,	
  is	
  
essential	
  to	
  understanding	
  and	
  improving	
  community	
  resilience	
  to	
  earthquake	
  disasters.	
  The	
  
participants	
  involved	
  in	
  this	
  workshop	
  are	
  dedicated	
  to	
  reducing	
  earthquake	
  risk	
  and	
  increasing	
  
resilience	
  of	
  communities	
  to	
  future	
  earthquakes	
  by	
  enhancing	
  and	
  improving	
  the	
  practice	
  of	
  pre-­‐	
  and	
  
post-­‐earthquake	
  data	
  collection	
  worldwide.	
  	
  To	
  this	
  end,	
  the	
  participants	
  at	
  this	
  workshop	
  resolve	
  to:	
  

1. Cooperate	
  in	
  future	
  post-­‐earthquake	
  data	
  collection	
  and	
  sharing	
  efforts	
  to	
  the	
  extent	
  possible.	
  
2. Promote	
  a	
  culture	
  of	
  open	
  sharing	
  of	
  data	
  in	
  the	
  field	
  of	
  earthquake	
  engineering,	
  similar	
  to	
  

other	
  scientific	
  fields;	
  
3. Work	
  toward	
  international	
  agreements	
  that	
  will	
  support	
  standardization,	
  interoperability,	
  and	
  

sharing	
  of	
  data	
  collected	
  worldwide;	
  
4. Collaborate	
  in	
  the	
  development	
  of	
  a	
  document	
  identifying	
  why	
  post-­‐earthquake	
  data	
  collection	
  

is	
  critical	
  to	
  understanding	
  and	
  improving	
  community	
  resilience	
  and	
  use	
  this	
  document	
  to	
  
promote	
  the	
  importance	
  of	
  standardized	
  data	
  collection	
  with	
  government	
  agencies	
  involved	
  
with	
  post-­‐earthquake	
  recovery;	
  	
  

5. Establish	
  lines	
  of	
  communication	
  and	
  relationships	
  with	
  data	
  collectors	
  and	
  agencies	
  that	
  will	
  be	
  
involved	
  in	
  future	
  earthquake	
  response	
  and	
  recovery	
  in	
  an	
  attempt	
  to	
  initiate	
  pre-­‐earthquake	
  
data	
  collection	
  and	
  coordinate	
  data	
  collection	
  and	
  sharing	
  after	
  future	
  earthquakes;	
  

6. Explore	
  the	
  creation	
  of	
  a	
  standardized	
  taxonomy	
  that	
  describes	
  damage,	
  impacts,	
  and	
  recovery;	
  
7. Explore	
  means	
  of	
  validating	
  and	
  assigning	
  quality	
  ratings	
  to	
  post-­‐earthquake	
  data;	
  	
  
8. Promote	
  the	
  development	
  of	
  inventories	
  of	
  existing	
  infrastructure	
  to	
  benchmark	
  existing	
  

conditions,	
  train	
  users	
  in	
  data	
  collection	
  tools,	
  and	
  be	
  available	
  immediately	
  post-­‐earthquake	
  to	
  
improve	
  data	
  collection	
  and	
  damage	
  assessments;	
  

9. Promote	
  the	
  development	
  of	
  standardized	
  damage	
  descriptions	
  for	
  building	
  structures	
  to	
  
enable	
  comparison	
  of	
  performance	
  across	
  an	
  inventory	
  of	
  buildings	
  and	
  estimate	
  building	
  
residual	
  capacity;	
  

10. Compile	
  a	
  list	
  of	
  common	
  models	
  used	
  to	
  quantify	
  recovery/risk/vulnerabilities	
  that	
  would	
  
inform	
  the	
  types	
  and	
  amounts	
  of	
  data	
  to	
  be	
  collected	
  to	
  calibrate	
  the	
  models.	
  

Planning	
  details	
  of	
  the	
  above	
  resolutions	
  will	
  be	
  carried	
  out	
  based	
  on	
  further	
  mutual	
  agreement	
  and	
  
through	
  close	
  consultation	
  and	
  exchange	
  of	
  information	
  between	
  the	
  workshop	
  participants.	
  

Action	
  Items	
  

Discussion	
  led	
  to	
  the	
  following	
  action	
  items	
  to	
  be	
  implemented	
  by	
  the	
  workshop	
  participants.	
  

1. Gather	
  and	
  translate	
  data	
  collection	
  forms	
  and	
  protocols	
  from	
  each	
  country	
  in	
  one	
  place	
  to	
  
allow	
  others	
  to	
  review	
  and	
  study.	
  	
  	
  

-­‐ EERI	
  staff	
  will	
  lead	
  this	
  effort	
  and	
  host	
  forms	
  on	
  an	
  EERI	
  website.	
  	
  	
  
	
  

2. Create	
  working	
  groups	
  to	
  consider	
  how	
  to	
  attract	
  funding	
  to	
  provide	
  time	
  and	
  resources	
  to	
  act	
  
on	
  the	
  many	
  ideas	
  discussed	
  in	
  the	
  meeting	
  and	
  included	
  in	
  the	
  resolutions,	
  considering	
  but	
  not	
  
limited	
  to	
  the	
  following	
  themes:	
  

a. Standardization	
  (for	
  consistency	
  and	
  international	
  interoperability	
  of	
  data)	
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b. Defining	
  value	
  of	
  data	
  collection	
  	
  
c. Consideration	
  of	
  categorizing	
  data	
  under	
  time	
  and	
  purpose	
  	
  

	
  
3. Create	
  a	
  working	
  group	
  (perhaps	
  the	
  meeting	
  conveners)	
  to	
  develop	
  a	
  short	
  opinion	
  paper	
  

based	
  upon	
  notes	
  and	
  outcomes	
  of	
  this	
  workshop.	
  	
  

4. Conduct	
  a	
  case	
  study	
  exercise	
  to	
  share	
  existing	
  data	
  from	
  recent	
  earthquakes	
  amongst	
  
workshop	
  participants.	
  	
  This	
  case	
  study	
  exercise	
  could	
  explore	
  opportunities	
  and	
  challenges	
  to	
  
sharing	
  protocols,	
  test	
  data	
  sharing	
  platforms	
  and	
  approaches,	
  and	
  help	
  inform	
  the	
  
development	
  of	
  an	
  international	
  taxonomy	
  or	
  data	
  framework	
  to	
  standardize	
  data.	
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Appendix	
  

I	
   Meeting	
  Description,	
  Proposed	
  Agenda,	
  and	
  Participant	
  List	
   A1	
  

II	
   Sunday	
  July	
  20	
  Presentations:	
   A7	
  

	
   Welcome/introduction	
  Slides	
   A8	
  

	
   Italy	
  	
   A20	
  

	
   Chile	
   A110	
  

	
   New	
  Zealand	
   A248	
  

	
   Japan	
   A303	
  

	
   Resilience	
  Observatory	
   A402	
  

	
   Data	
  Collection	
  Tools	
   A409	
  

	
   Insurance	
  Industry	
  Notes	
   A427	
  

III	
   Monday	
  July	
  21	
  Discussion	
  Summary	
  Presentations	
  &	
  Notes:	
   A429	
  

	
   Tuesday	
  Wrap-­‐up	
  Discussion	
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Post-­‐Earthquake	
  Data	
  Collection	
  Workshop	
  
Anchorage,	
  Alaska	
  
July	
  20-­‐21,	
  2014	
  

Background:	
  
The	
  world	
  has	
  experienced	
  unprecedented	
  losses	
  from	
  earthquakes	
  in	
  recent	
  years.	
  	
  For	
  example,	
  in	
  
Christchurch,	
  New	
  Zealand,	
  the	
  impacts	
  of	
  the	
  February	
  2011	
  M6.3	
  earthquake	
  include	
  an	
  estimated	
  
$40	
  billion	
  in	
  losses	
  (equivalent	
  to	
  20%	
  of	
  New	
  Zealand’s	
  GDP),	
  demolition	
  of	
  ~70%	
  of	
  downtown	
  
buildings,	
  including	
  loss	
  of	
  more	
  than	
  50%	
  of	
  heritage	
  structures,	
  expropriation	
  of	
  hundreds	
  of	
  homes	
  in	
  
liquefied	
  suburban	
  regions,	
  closure	
  of	
  the	
  core	
  business	
  district	
  for	
  over	
  2	
  years,	
  and	
  outmigration	
  of	
  
thousands	
  of	
  residents.	
  Over	
  the	
  past	
  five	
  years,	
  earthquakes	
  have	
  also	
  impacted	
  urban	
  regions	
  in	
  Italy,	
  
Chile,	
  and	
  Japan,	
  among	
  many	
  others.	
  	
  While	
  devastating	
  for	
  the	
  communities	
  struck	
  by	
  the	
  
earthquakes,	
  these	
  events	
  and	
  their	
  impacts	
  present	
  the	
  international	
  research	
  and	
  policy-­‐development	
  
communities	
  with	
  unparalleled	
  opportunities.	
  	
  This	
  proposal	
  aims	
  to	
  harness	
  these	
  opportunities	
  
through	
  the	
  development	
  of	
  an	
  international	
  workshop	
  on	
  post-­‐earthquake	
  data	
  collection.	
  

Empirical	
  evidence	
  from	
  past	
  earthquakes	
  is	
  essential	
  to	
  understanding	
  and	
  improving	
  community	
  
resilience	
  to	
  earthquake	
  disasters;	
  however,	
  we	
  currently	
  lack	
  consensus	
  on	
  what	
  data	
  to	
  collect,	
  how	
  to	
  
collect	
  the	
  data,	
  and	
  how	
  to	
  most	
  effectively	
  use	
  it.	
  Recent	
  earthquakes	
  around	
  the	
  world	
  provide	
  us	
  
with	
  an	
  opportunity	
  to	
  review	
  data	
  collected	
  internationally,	
  critically	
  evaluate	
  current	
  data	
  collection	
  
approaches,	
  and	
  initiate	
  collaborative	
  international	
  research	
  efforts	
  to	
  maximize	
  the	
  knowledge	
  gained	
  
from	
  recent	
  devastating	
  events	
  and	
  arrive	
  at	
  international	
  consensus	
  on	
  data	
  collection	
  protocols	
  for	
  
future	
  events.	
  

Workshop	
  objectives:	
  
The	
  objectives	
  of	
  the	
  workshop	
  are:	
  

• To	
  report	
  on	
  data	
  collection	
  practices	
  from	
  recent	
  earthquakes:	
  	
  What	
  data	
  were	
  collected?
How	
  were	
  the	
  data	
  collected?	
  What	
  worked?	
  	
  What	
  did	
  not	
  work?	
  	
  What	
  data	
  were	
  lost?

• Initial	
  development	
  of	
  consensus-­‐based	
  data	
  collection	
  protocols.

To	
  achieve	
  a	
  manageable	
  scope,	
  this	
  workshop	
  will	
  focus	
  on	
  building-­‐related	
  data.	
  	
  Lifelines	
  such	
  as	
  
roadways,	
  power	
  distribution	
  systems,	
  etc.	
  are	
  clearly	
  essential	
  for	
  resilience	
  but	
  such	
  data	
  is	
  generally	
  
collected	
  in	
  a	
  systematic	
  manner	
  already	
  since	
  lifelines	
  are	
  typically	
  managed	
  by	
  a	
  single	
  entity.	
  Data	
  
collection	
  for	
  private	
  buildings	
  is	
  considerably	
  more	
  challenging.	
  Data	
  of	
  interest	
  to	
  this	
  workshop	
  
include	
  building	
  performance,	
  business	
  interruptions,	
  housing	
  impacts	
  and	
  post-­‐earthquake	
  decisions	
  
(repair	
  vs	
  demolish).	
  

It	
  is	
  also	
  anticipated	
  that	
  the	
  workshop	
  may	
  lead	
  to	
  the	
  development	
  of	
  international	
  collaborative	
  
projects	
  using	
  empirical	
  data	
  from	
  recent	
  earthquakes	
  to	
  assess	
  and	
  improve	
  community	
  resilience	
  in	
  
the	
  event	
  of	
  major	
  earthquakes.	
  

Participants:	
  
This	
  unique	
  multi-­‐disciplinary	
  workshop	
  will	
  include	
  participants	
  from	
  six	
  different	
  countries:	
  Canada,	
  
United	
  States,	
  New	
  Zealand,	
  Italy,	
  Chile,	
  and	
  Japan.	
  Notably,	
  the	
  latter	
  four	
  counties	
  have	
  all	
  
experienced	
  devastating	
  earthquakes	
  in	
  the	
  past	
  five	
  years,	
  thus	
  the	
  workshop	
  will	
  provide	
  the	
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opportunity	
  to	
  share	
  recent	
  experiences	
  and	
  develop	
  new	
  partnership	
  with	
  international	
  colleagues	
  
with	
  common	
  interests.	
  

All	
  international	
  participants	
  bring	
  direct	
  experience	
  in	
  data	
  collection	
  after	
  recent	
  earthquakes	
  in	
  their	
  
respective	
  countries.	
  	
  Data	
  have	
  been	
  collected	
  by	
  both	
  government	
  agencies	
  and	
  academic	
  institutions,	
  
and	
  hence	
  both	
  will	
  be	
  represented	
  at	
  the	
  workshop.	
  	
  Notably,	
  a	
  representative	
  from	
  the	
  insurance	
  and	
  
reinsurance	
  industry	
  has	
  been	
  asked	
  to	
  contribute	
  some	
  remarks	
  that	
  will	
  share	
  the	
  industry’s	
  
perspective	
  and	
  assist	
  in	
  identifying	
  potential	
  sources	
  of	
  funding	
  for	
  collaborative	
  research	
  proposals	
  
from	
  this	
  important	
  industry.	
  

In	
  order	
  to	
  keep	
  the	
  workshop	
  effective,	
  the	
  number	
  of	
  participants	
  will	
  be	
  limited	
  to	
  approximately	
  30,	
  
with	
  the	
  majority	
  of	
  participants	
  bringing	
  first-­‐hand	
  recent	
  experience	
  with	
  data	
  collection	
  in	
  Chile,	
  Italy,	
  
Japan,	
  and	
  New	
  Zealand.	
  

Recent	
  Earthquakes:	
  

A	
  critical	
  portion	
  of	
  the	
  workshop	
  will	
  be	
  reports	
  from	
  Italy,	
  Chile,	
  New	
  Zealand,	
  and	
  Japan	
  on	
  data	
  
collection	
  experiences	
  after	
  recent	
  earthquakes.	
  	
  Each	
  country’s	
  participants	
  will	
  work	
  together	
  to	
  
develop	
  a	
  75	
  min	
  presentation	
  (followed	
  by	
  15	
  minutes	
  of	
  questions)	
  to	
  be	
  given	
  on	
  Day	
  1	
  of	
  the	
  
workshop.	
  	
  This	
  presentation	
  should	
  be	
  coordinated	
  by	
  one	
  representative	
  from	
  each	
  country	
  but	
  can	
  
be	
  delivered	
  by	
  multiple	
  participants	
  if	
  this	
  format	
  is	
  preferred.	
  	
  To	
  provide	
  consistency	
  in	
  the	
  reporting	
  
and	
  valuable	
  information	
  for	
  the	
  Day	
  2	
  breakouts,	
  we	
  ask	
  that	
  the	
  country	
  reports	
  address	
  the	
  following	
  
questions:	
  

1. What	
  forms	
  of	
  data	
  were	
  collected	
  after	
  the	
  earthquake?	
  	
  Data	
  of	
  interest	
  to	
  this	
  workshop
include	
  building	
  performance	
  (physical	
  damage),	
  business	
  interruptions,	
  housing	
  impacts,	
  and
post-­‐earthquake	
  decisions	
  (repair	
  vs	
  demolish).	
  	
  We	
  are	
  interested	
  in	
  data	
  at	
  both	
  the	
  detailed
building	
  level	
  as	
  well	
  as	
  at	
  the	
  broader	
  community	
  level.	
  What	
  data	
  were	
  used	
  to	
  assess
building	
  residual	
  capacity	
  and	
  how	
  were	
  these	
  data	
  used	
  in	
  reconstruction	
  decisions?	
  What
should	
  be	
  implemented	
  in	
  data	
  collection	
  protocols	
  to	
  make	
  the	
  assessment	
  of	
  residual
capacity	
  more	
  reliable?

2. Have	
  any	
  relationships	
  between	
  the	
  different	
  forms	
  of	
  data	
  been	
  explored?	
  	
  For	
  example,
what	
  is	
  the	
  relationship	
  between	
  the	
  physical	
  damage	
  and	
  business	
  interruption?	
  	
  Are	
  there
other	
  factors	
  influencing	
  the	
  socio-­‐economic	
  impacts,	
  suggesting	
  other	
  forms	
  of	
  data	
  that
should	
  be	
  collected?

3. What	
  organizations	
  were	
  involved	
  in	
  collecting	
  data	
  and	
  for	
  what	
  purpose?	
  	
  Such
organizations	
  may	
  include	
  city	
  government,	
  insurance	
  companies,	
  university	
  researchers,	
  etc.
Although	
  the	
  goal	
  of	
  data	
  collection	
  may	
  be	
  different	
  for	
  each	
  organization,	
  the	
  data	
  may	
  be
similar	
  and	
  synergistic	
  efforts	
  should	
  be	
  identified.

4. What	
  barriers	
  are	
  there	
  to	
  sharing	
  data	
  across	
  different	
  organizations?	
  	
  What	
  experience	
  do
you	
  have	
  in	
  finding	
  ways	
  to	
  share	
  data	
  across	
  government	
  and	
  non-­‐government	
  entities?

5. How	
  were	
  the	
  data	
  collected?	
  Were	
  any	
  advanced	
  technologies	
  used	
  to	
  collect	
  data	
  or	
  were	
  all
data	
  collected	
  manually?	
  What	
  training	
  was	
  provided	
  for	
  data	
  surveyors?

6. What	
  data	
  were	
  lost?	
  Were	
  there	
  specific	
  data	
  that	
  were	
  not	
  collected,	
  or	
  not	
  collected	
  in	
  a
coordinated	
  manner,	
  such	
  that	
  the	
  data	
  may	
  not	
  be	
  available	
  for	
  future	
  research	
  studies?
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7. Lessons	
  from	
  the	
  data	
  collection	
  process.	
  	
  What	
  aspects	
  of	
  the	
  data	
  collection	
  process	
  seemed	
  
to	
  work	
  well?	
  	
  What	
  could	
  be	
  improved	
  upon?	
  

8. How	
  are	
  data	
  stored	
  after	
  collection	
  and	
  what	
  are	
  access	
  policies	
  for	
  this	
  data?	
  
9. Suggestions	
  for	
  the	
  development	
  of	
  consensus-­‐based	
  data	
  collection	
  protocols?	
  One	
  of	
  the	
  

primary	
  goals	
  of	
  the	
  workshop	
  is	
  the	
  initial	
  development	
  of	
  consensus-­‐based	
  data	
  collection	
  
protocols	
  for	
  application	
  after	
  future	
  earthquakes	
  around	
  the	
  world.	
  	
  What	
  experiences	
  from	
  
the	
  events	
  in	
  your	
  country	
  could	
  inform	
  the	
  development	
  of	
  these	
  data	
  collection	
  protocols?	
  

	
  
Expected	
  outcomes:	
  
The	
  workshop	
  is	
  expected	
  to	
  provide	
  the	
  impetus	
  for	
  the	
  development	
  of	
  two	
  types	
  of	
  joint	
  
international	
  research	
  proposals:	
  (1)	
  focused	
  on	
  the	
  development	
  of	
  consensus-­‐based	
  data	
  collection	
  
protocols;	
  and	
  (2)	
  focused	
  on	
  using	
  empirical	
  data	
  from	
  recent	
  earthquakes	
  to	
  assess	
  and	
  improve	
  
community	
  resilience.	
  	
  

For	
  proposal	
  type	
  #1,	
  funding	
  will	
  be	
  sought	
  from	
  public-­‐private	
  partnerships	
  between	
  government	
  
agencies	
  responsible	
  for	
  collecting	
  data	
  for	
  the	
  recovery	
  process	
  and	
  the	
  insurance	
  industry	
  interested	
  
in	
  rich	
  data	
  to	
  refine	
  natural	
  hazard	
  risk	
  models.	
  	
  This	
  effort	
  is	
  urgently	
  needed	
  to	
  ensure	
  improved	
  and	
  
consistent	
  data	
  collection	
  protocols	
  are	
  available	
  prior	
  to	
  the	
  next	
  major	
  earthquake	
  such	
  that	
  valuable	
  
data	
  are	
  not	
  lost	
  in	
  the	
  future.	
  	
  Application	
  of	
  the	
  proposed	
  procedures	
  in	
  future	
  earthquakes	
  will	
  
provide	
  an	
  excellent	
  opportunity	
  to	
  continue	
  collaborative	
  efforts	
  initiated	
  at	
  the	
  workshop.	
  

For	
  proposal	
  type	
  #2,	
  joint	
  funding	
  will	
  be	
  sought	
  from	
  several	
  national	
  research	
  agencies.	
  	
  Such	
  
proposals	
  will	
  build	
  on	
  a	
  US	
  National	
  Science	
  Foundation	
  grant	
  held	
  by	
  the	
  Earthquake	
  Engineering	
  
Research	
  Institute	
  to	
  create	
  a	
  Seismic	
  Observatory	
  for	
  Community	
  Resilience	
  with	
  the	
  goal	
  of	
  
documenting	
  and	
  understanding	
  the	
  factors	
  influencing	
  the	
  ability	
  of	
  communities	
  to	
  recover	
  after	
  
devastating	
  earthquakes.	
  	
  	
  Linkages	
  with	
  new	
  proposals	
  to	
  other	
  national	
  research	
  agencies	
  will	
  be	
  
explored	
  to	
  enable	
  international	
  workshop	
  participants	
  to	
  contribute	
  to	
  future	
  joint	
  research	
  projects.	
  

	
  
Timing	
  and	
  venue:	
  
The	
  workshop	
  will	
  be	
  held	
  over	
  1.5	
  days	
  immediately	
  prior	
  to	
  the	
  10th	
  US	
  National	
  Conference	
  in	
  
Earthquake	
  Engineering	
  in	
  Anchorage,	
  Alaska,	
  in	
  July	
  2014.	
  	
  This	
  international	
  conference	
  draws	
  
participants	
  from	
  around	
  the	
  globe,	
  and	
  hence	
  provides	
  the	
  perfect	
  opportunity	
  to	
  host	
  the	
  proposed	
  
workshop.	
  	
  Travel	
  costs	
  will	
  be	
  covered	
  by	
  the	
  participants	
  as	
  it	
  is	
  expected	
  that	
  they	
  will	
  be	
  attending	
  
the	
  conference	
  regardless	
  of	
  the	
  workshop.	
  	
  The	
  workshop	
  will	
  be	
  held	
  in	
  the	
  NCEE	
  conference	
  hotel,	
  
the	
  Anchorage	
  Hilton.	
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Proposed	
  Agenda:	
  

The	
  first	
  day	
  will	
  focus	
  on	
  experiences	
  from	
  recent	
  earthquakes,	
  while	
  the	
  second	
  day	
  will	
  provide	
  an	
  
opportunity	
  to	
  discuss	
  the	
  development	
  of	
  post-­‐earthquake	
  data	
  collection	
  protocols	
  and	
  future	
  
collaborative	
  activities.	
  

Sunday,	
  July	
  20,	
  2014	
  

8:00	
  am	
  –	
  8:30	
  am	
   Breakfast	
  
8:30	
  am	
  –	
  8:50	
  am	
   Welcome	
  and	
  objectives	
  of	
  the	
  workshop	
  
8:50	
  am	
  –	
  10:20	
  am	
   Italy	
  experience	
  (group	
  organized	
  presentation)	
  
10:20	
  am	
  –	
  10:40	
  pm	
   Break	
  
10:40	
  am	
  –	
  12:10	
  pm	
   Chile	
  experience	
  (group	
  organized	
  presentation)	
  
12:10	
  pm	
  –	
  1:00	
  pm	
   Lunch	
  
1:00	
  pm	
  –	
  2:30	
  pm	
   Japan	
  experience	
  (group	
  organized	
  presentation)	
  
2:30	
  pm	
  –	
  2:45	
  pm	
   Break	
  
2:45	
  pm	
  –	
  4:15	
  pm	
   New	
  Zealand	
  experience	
  	
  (group	
  organized	
  presentation)	
  
4:15	
  pm	
  –	
  4:35	
  pm	
   Resilience	
  Observatory	
  (Scott	
  Miles)	
  
4:35	
  pm	
  –	
  4:50	
  pm	
   Break	
  
4:50	
  pm	
  –	
  5:10	
  pm	
   Data	
  collection	
  tools	
  (EERI)	
  
5:10	
  pm	
  –	
  5:30	
  pm	
   Data	
  collection	
  and	
  collaboration	
  with	
  (re)insurance	
  industry	
  (tentative)	
  
5:30	
  pm	
  –	
  6:00	
  pm	
   Discussion	
  and	
  plans	
  for	
  Day	
  2	
  
6:00	
  pm	
  –	
  7:00	
  pm	
   Reception	
  

Monday,	
  July	
  21,	
  2014	
  

7:30	
  am	
  –	
  8:00	
  am	
   Breakfast	
  
8:00	
  am	
  –	
  9:30	
  am	
   Data	
  Collection	
  Protocols	
  Discussion:	
  (moderators)	
  

Breakout	
  1:	
  
Physical	
  Damage	
  Data	
  
(Santiago	
  Pujol	
  )	
  

Breakout	
  2:	
  
Impact	
  Data	
  
(Mary	
  Comerio)	
  

Breakout	
  3:	
  
Reconstruction	
  and	
  
Recovery	
  Data	
  
(Stephanie	
  Chang)	
  

9:30	
  am	
  –	
  9:50	
  pm	
   Break	
  
9:50	
  am	
  -­‐	
  11:30	
  am	
   Breakout	
  1	
  cont.	
   Breakout	
  2	
  cont.	
   Breakout	
  3	
  cont.	
  
11:30	
  am	
  –	
  12:00	
  pm	
   Box	
  lunch	
  and	
  planning	
  for	
  evening	
  meeting	
  

Tuesday,	
  July	
  22,	
  Evening	
  meeting:	
  

5:00	
  pm	
  –	
  7:00	
  pm	
   Workshop	
  resolutions	
  and	
  action	
  items	
  for	
  collaborative	
  proposals	
  
(with	
  hors	
  d’oeuvres)	
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Participant	
  List:	
  
Name	
   email	
   Country	
   Organization	
  

1	
   Andrew	
  King	
   A.King@gns.cri.nz	
   NZ	
  (coord)	
   GNS	
  
2	
   Peter	
  Wood	
   srlnprw@gmail.com	
   NZ	
   Min	
  of	
  Civil	
  Defence	
  
3	
   David	
  Johnston	
   David.Johnston@gns.cri.nz	
   NZ	
   GNS	
  
4	
   Mike	
  Stannard	
   Mike.Stannard@mbie.govt.nz	
   NZ	
   MBIE	
  
5	
   Quincy	
  Ma	
   q.ma@auckland.ac.nz NZ	
   Univ.	
  of	
  Auckland	
  
6	
   Stefano	
  Pampanin	
   stefano.pampanin@canterbury.ac.nz	
   NZ	
   Univ.	
  of	
  Canterbury	
  

7	
   John	
  Hare	
   JohnH@holmesgroup.com	
   NZ	
  
Holmes	
  Consulting	
  
Group	
  

8	
   Andrea	
  Prota	
   andrea.prota@unina.it	
   Italy	
  (coord)	
   UNINA	
  
9	
   Maria	
  Polese	
   mapolese@unina.it	
   Italy	
   UNINA	
  

10	
   Marco	
  Di	
  Ludovico	
   diludovi@unina.it	
   Italy	
   UNINA	
  
11	
   Gian	
  Paolo	
  Cimellaro	
   gianpaolo.cimellaro@polito.it	
   Italy	
   Torino	
  
12	
   Paolo	
  Bazzurro	
   pbazzurro@gmail.com	
   Italy	
   IUSS	
  
13	
   Juan	
  Carlos	
  de	
  la	
  Llera	
   jcllera@ing.puc.cl	
   Chile	
  (coord)	
   PUC	
  

14	
   Rene	
  Lagos	
   rlagos@renelagos.com	
   Chile	
   Rene	
  Lagos	
  Engineers	
  
15	
   Matias	
  Hube	
   mhube@ing.puc.cl	
   Chile	
   PUC	
  

16	
   Judy	
  Mitrani-­‐Reiser	
   jmitrani@jhu.edu	
  
US	
  (collaboration	
  
with	
  Chile)	
   John	
  Hopkins	
  

17	
   Toshimi	
  Kabeyasawa	
   kabe@eri.u-­‐tokyo.ac.jp	
   Japan	
  (coord)	
   Univ.	
  of	
  Tokyo	
  
18	
   Tomohisa	
  Mukai	
   t_mukai@kenken.go.jp	
   Japan	
   BRI	
  
19	
   Masaki	
  Maeda	
   maeda@archi.tohoku.ac.jp	
   Japan	
   Tohoku	
  Univ.	
  
20	
   Satoshi	
  Tanaka	
   tanaka_s@fuji-­‐tokoha-­‐u.ac.jp	
   Japan	
   Tokoha	
  Univ.	
  
21	
   Sam	
  Kono	
   kono@serc.titech.ac.jp	
   Japan	
   Tokyo	
  Tech	
  
22	
   Koichi	
  Kusunoki	
   kusunoki@eri.u-­‐tokyo.ac.jp	
   Japan	
   Univ.	
  of	
  Tokyo	
  
23	
   Toshikazu	
  Kabeyasawa	
   kabeyasawa-­‐t92ta@nilim.go.jp	
   Japan	
   MLIT	
  

24	
   Scott	
  Miles	
   scott.miles@wwu.edu	
   US	
  
Western	
  Washington	
  
Univ.	
  

25	
   Mary	
  Comerio	
   mcomerio@berkeley.edu	
   US	
   UC	
  Berkeley	
  
26	
   Steve	
  Mahin	
   mahin@bekeley.edu	
   US	
   PEER	
  
27	
   Vesna	
  Terzic	
   vesna@berkeley.edu	
   US	
   PEER	
  
28	
   Santiago	
  Pujol	
   spujol@purdue.edu	
   US	
   Purdue	
  
29	
   Ken	
  Elwood	
   elwood@civil.ubc.ca	
   Canada	
   UBC	
  
30	
   Stephanie	
  Chang	
   stephanie.chang@ubc.ca	
   Canada	
   UBC	
  
31	
   Sean	
  Wilkinson	
   Sean.wilkinson@ncl.ac.uk	
   UK	
   Newcastle	
  Univ.	
  

Students	
  
32	
   Frederic	
  Marquis	
   frederic.marquis@usherbrooke.ca	
   Canada	
   UBC	
  
33	
   Jenna	
  Kim	
   jenna.jh.kim@gmail.com	
   Canada	
   UBC	
  
34	
   Panos	
  Galanis	
   pgalan@berkeley.edu	
   US	
   UC	
  Berkeley	
  

Staff	
  
35	
   Marjorie	
  Greene	
   mgreene@eeri.org	
   US	
   EERI	
  
36	
   Heidi	
  Tremayne	
   heidi@eeri.org	
   US	
   EERI	
  
37	
   Maggie	
  Ortiz	
   maggie@eeri.org	
   US	
   EERI	
  
38	
   Alex	
  Julius	
   alex@eeri.org	
   US	
   EERI	
  
39	
   Eddie	
  Vega	
   ejvega@eeri.org	
   US	
   EERI	
  
40	
   Erik	
  McAdams	
   emcadams@eeri.org	
   US	
   EERI	
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Appendix II: 
Sunday July 20 Presentations
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Interna'onal  Post-­‐
Earthquake  Data  

Collec'on  Workshop

Sponsored	
  by	
  

EERI	
  
UBC	
  

MBIE	
  -­‐	
  NZ	
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Thank  you


• Co-­‐Organizer,	
  Stephanie	
  Chang	
  
• Marjorie	
  Greene,	
  Heidi	
  Tremayne,	
  Maggie	
  OrCz	
  @	
  
EERI	
  
•  Student	
  and	
  intern	
  support	
  
•  PanagioCs	
  Galanis	
  
•  Jenna	
  Kim	
  
•  Frederic	
  Marquis	
  

	
  
• All	
  of	
  you!	
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Workshop  mo'va'on


•  Empirical	
  evidence	
  from	
  past	
  earthquakes	
  is	
  
essenCal	
  to	
  understanding	
  and	
  improving	
  
community	
  resilience	
  to	
  earthquake	
  disasters.	
  
•  However,	
  we	
  currently	
  lack	
  consensus	
  on	
  what	
  data	
  to	
  
collect,	
  how	
  to	
  collect	
  the	
  data,	
  and	
  how	
  to	
  most	
  
effecCvely	
  use	
  it.	
  

•  10NCEE	
  provides	
  opportunity	
  to	
  consider	
  lessons	
  
from	
  recent	
  earthquakes	
  regarding	
  post-­‐
earthquake	
  data	
  collecCon.	
  
•  Italy,	
  Chile,	
  New	
  Zealand,	
  Japan	
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Workshop  objec'ves


•  To	
  report	
  on	
  data	
  collecCon	
  pracCces	
  from	
  recent	
  
earthquakes:	
  	
  	
  
•  What	
  data	
  were	
  collected?	
  	
  	
  
•  How	
  were	
  the	
  data	
  collected?	
  	
  
•  What	
  worked?	
  	
  	
  
•  What	
  did	
  not	
  work?	
  	
  	
  
•  What	
  data	
  were	
  lost?	
  

•  IniCal	
  development	
  of	
  consensus-­‐based	
  data	
  collec2on	
  
protocols	
  and	
  strategizing	
  about	
  what	
  data	
  maXers.	
  
•  IniCate	
  discussions	
  on	
  joint	
  internaConal	
  research	
  
proposals	
  on	
  related	
  topics.	
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Workshop  scope


• Buildings	
  
•  Lessons	
  may	
  come	
  from	
  lifeline	
  data	
  collecCon	
  

• Data	
  types:	
  
•  building	
  performance,	
  	
  
•  business	
  interrupCons,	
  	
  
•  housing	
  impacts,	
  
•  post-­‐earthquake	
  decisions	
  (eg	
  repair	
  vs	
  demolish)	
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Workshop  ques'ons


•  What	
  forms	
  of	
  data	
  were	
  collected	
  a9er	
  the	
  earthquake?	
  	
  
•  Have	
  any	
  rela2onships	
  between	
  the	
  different	
  forms	
  of	
  data	
  been	
  
explored?	
  	
  

•  What	
  organiza2ons	
  were	
  involved	
  in	
  collec2ng	
  data	
  and	
  for	
  what	
  
purpose?	
  	
  

•  What	
  barriers	
  are	
  there	
  to	
  sharing	
  data	
  across	
  different	
  organiza2ons?	
  	
  	
  
•  How	
  were	
  the	
  data	
  collected?	
  	
  
•  What	
  data	
  were	
  lost?	
  	
  
•  Lessons	
  from	
  the	
  data	
  collec2on	
  process.	
  	
  	
  
•  How	
  are	
  data	
  stored	
  a9er	
  collec2on	
  and	
  what	
  are	
  access	
  policies	
  for	
  
this	
  data?	
  

•  Sugges2ons	
  for	
  the	
  development	
  of	
  consensus-­‐based	
  data	
  collec2on	
  
protocols?	
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Addi'onal  points  to  frame  discussions

•  What	
  are	
  the	
  decisions	
  that	
  need	
  to	
  be	
  made	
  (on	
  buildings)	
  post-­‐EQ	
  and	
  
how	
  will	
  data	
  help	
  this	
  decision	
  making?	
  
•  e.g.	
  data	
  for	
  deciding	
  fate	
  of	
  building	
  (demoliCon),	
  data	
  for	
  zoning?	
  

•  What	
  data	
  is	
  needed	
  for	
  evaluaCng	
  and	
  adapCng	
  technical	
  decisions?	
  	
  	
  

•  Need	
  to	
  idenCfy	
  two	
  forms	
  of	
  links:	
  
•  "links"	
  that	
  allow	
  interoperability	
  between	
  data	
  collected	
  by	
  different	
  
enCCes	
  	
  	
  	
  

•  "links"	
  between	
  physical	
  damage,	
  impact,	
  and	
  recovery	
  data	
  à	
  to	
  inform	
  
reconstrucCon	
  policy.	
  

•  Bear	
  in	
  mind	
  Cme	
  frames	
  	
  
•  What	
  is	
  the	
  minimum	
  data	
  to	
  collect	
  in	
  the	
  first	
  weeks	
  following,	
  	
  
vs	
  comprehensive	
  collecCon	
  later,	
  	
  
vs	
  data	
  to	
  assess	
  residual	
  capacity	
  for	
  decisions	
  on	
  demoliCons.	
  

•  RecommendaCons	
  coming	
  out	
  of	
  this	
  workshop	
  could:	
  	
  
•  benefit	
  decision-­‐makers	
  in	
  earthquake-­‐struck	
  communiCes	
  in	
  the	
  future,	
  and	
  	
  
•  advance	
  knowledge	
  about	
  earthquake	
  disasters/recovery	
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Sunday  Agenda

8:00	
  am	
  –	
  8:30	
  am	
   Breakfast	
  	
  
8:30	
  am	
  –	
  8:50	
  am	
   Welcome	
  and	
  objecCves	
  of	
  the	
  workshop	
  
8:50	
  am	
  –	
  10:20	
  am	
   Italy	
  experience	
  (group	
  organized	
  presentaCon)	
  
10:20	
  am	
  –	
  10:40	
  pm	
   Break	
  
10:40	
  am	
  –	
  12:10	
  pm	
   Chile	
  experience	
  (group	
  organized	
  presentaCon)	
  
12:10	
  pm	
  –	
  1:00	
  pm	
   Lunch	
  (Bristol	
  Bay	
  Ballroom-­‐-­‐Katmai	
  room)	
  
1:00	
  pm	
  –	
  2:30	
  pm	
   New	
  Zealand	
  experience	
  	
  (group	
  organized	
  presenta7on)	
  
2:30	
  pm	
  –	
  2:50	
  pm	
   Resilience	
  Observatory	
  (Sco>	
  Miles)	
  
2:50	
  pm	
  –	
  3:10	
  pm	
   Break	
  
3:10	
  pm	
  –	
  3:30	
  pm	
   Data	
  collec7on	
  tools	
  (EERI)	
  
3:30	
  pm	
  –	
  5:00	
  pm	
   Japan	
  experience	
  (group	
  organized	
  presenta7on)	
  	
  
5:00	
  pm	
  –	
  5:15	
  pm	
   Break	
  
5:15	
  pm	
  –	
  5:35	
  pm	
   Data	
  collecCon	
  and	
  collaboraCon	
  with	
  (re)insurance	
  industry	
  

(Paolo	
  Bazzurro)	
  
5:35	
  pm	
  –	
  6:00	
  pm	
   Discussion	
  and	
  plans	
  for	
  Day	
  2	
  
6:00	
  pm	
  –	
  7:00	
  pm	
   RecepCon	
  (Bristol	
  Bay	
  Ballroom-­‐-­‐Katmai	
  room)	
  

-­‐  Time	
  will	
  be	
  made	
  for	
  discussion	
  	
  
-­‐  Keep	
  notes	
  for	
  further	
  discussion	
  in	
  breakouts	
  tomorrow.	
  

Shuffled	
  
presenta2ons!	
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Monday  Agenda


•  Please	
  assist	
  in	
  an	
  even	
  distribuCon	
  in	
  the	
  breakouts	
  
•  EQ	
  Country	
  parCcipants:	
  at	
  least	
  one	
  person	
  to	
  each	
  breakout	
  please	
  

7:30	
  am	
  –	
  8:00	
  am	
   Breakfast	
  	
  
8:00	
  am	
  –	
  9:30	
  am	
   Data	
  CollecCon	
  Protocols	
  Discussion:	
  (moderators)	
  	
  

Breakout	
  1:	
  
Physical	
  Damage	
  Data	
  
(SanCago	
  Pujol	
  )	
  

Breakout	
  2:	
  
Impact	
  Data	
  
(Mary	
  Comerio)	
  

Breakout	
  3:	
  
ReconstrucCon	
  and	
  
Recovery	
  Data	
  
(Stephanie	
  Chang)	
  

9:30	
  am	
  –	
  9:50	
  pm	
   Break	
  
9:50	
  am	
  -­‐	
  11:30	
  am	
   Breakout	
  1	
  cont.	
   Breakout	
  2	
  cont.	
   Breakout	
  3	
  cont.	
  
11:30	
  am	
  –	
  12:00	
  pm	
   Box	
  lunch	
  and	
  planning	
  for	
  evening	
  meeCng	
  

5:00	
  pm	
  –	
  7:00	
  pm	
   Workshop	
  resoluCons	
  and	
  acCon	
  items	
  for	
  collaboraCve	
  
proposals	
  	
  
(with	
  hors	
  d’oeuvres)	
  	
  

Tuesday  evening


Breakouts:	
  Alaska	
  Ballroom	
  -­‐	
  AleuCan,	
  2fl;	
  Lupine,	
  1fl;	
  Chartroom,	
  15fl	
  

Boardroom,	
  2fl;	
  Dena'ina	
  Conven2on	
  Center	
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Thank  you!
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Sunday  Agenda

8:00	
  am	
  –	
  8:30	
  am	
   Breakfast	
  	
  
8:30	
  am	
  –	
  8:50	
  am	
   Welcome	
  and	
  objecCves	
  of	
  the	
  workshop	
  
8:50	
  am	
  –	
  10:20	
  am	
   Italy	
  experience	
  (group	
  organized	
  presentaCon)	
  
10:20	
  am	
  –	
  10:40	
  pm	
   Break	
  
10:40	
  am	
  –	
  12:10	
  pm	
   Chile	
  experience	
  (group	
  organized	
  presentaCon)	
  
12:10	
  pm	
  –	
  1:00	
  pm	
   Lunch	
  (Bristol	
  Bay	
  Ballroom-­‐-­‐Katmai	
  room)	
  
1:00	
  pm	
  –	
  2:30	
  pm	
   New	
  Zealand	
  experience	
  	
  (group	
  organized	
  presenta7on)	
  
2:30	
  pm	
  –	
  2:50	
  pm	
   Resilience	
  Observatory	
  (Sco>	
  Miles)	
  
2:50	
  pm	
  –	
  3:10	
  pm	
   Break	
  
3:10	
  pm	
  –	
  3:30	
  pm	
   Data	
  collec7on	
  tools	
  (EERI)	
  
3:30	
  pm	
  –	
  5:00	
  pm	
   Japan	
  experience	
  (group	
  organized	
  presenta7on)	
  	
  
5:00	
  pm	
  –	
  5:15	
  pm	
   Break	
  
5:15	
  pm	
  –	
  5:35	
  pm	
   Data	
  collecCon	
  and	
  collaboraCon	
  with	
  (re)insurance	
  industry	
  

(Paolo	
  Bazzurro)	
  
5:35	
  pm	
  –	
  6:00	
  pm	
   Discussion	
  and	
  plans	
  for	
  Day	
  2	
  
6:00	
  pm	
  –	
  7:00	
  pm	
   RecepCon	
  (Bristol	
  Bay	
  Ballroom-­‐-­‐Katmai	
  room)	
  

-­‐  Time	
  will	
  be	
  made	
  for	
  discussion	
  	
  
-­‐  Keep	
  notes	
  for	
  further	
  discussion	
  in	
  breakouts	
  tomorrow.	
  

Shuffled	
  
presenta2ons!	
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Addi'onal  ques'ons  to  frame  discussions

•  What	
  are	
  the	
  decisions	
  that	
  need	
  to	
  be	
  made	
  (on	
  buildings)	
  post-­‐EQ	
  and	
  
how	
  will	
  data	
  help	
  this	
  decision	
  making?	
  
•  e.g.	
  data	
  for	
  deciding	
  fate	
  of	
  building	
  (demoliCon),	
  data	
  for	
  zoning?	
  

•  What	
  data	
  is	
  needed	
  for	
  evaluaCng	
  and	
  adapCng	
  technical	
  decisions?	
  	
  	
  

•  Towns	
  vs	
  CiCes	
  -­‐	
  different	
  data	
  needed?	
  
•  Need	
  to	
  idenCfy	
  two	
  forms	
  of	
  links:	
  

•  "links"	
  that	
  allow	
  interoperability	
  between	
  data	
  collected	
  by	
  different	
  
enCCes	
  	
  	
  	
  

•  "links"	
  between	
  physical	
  damage,	
  impact,	
  and	
  recovery	
  data	
  à	
  to	
  inform	
  
reconstrucCon	
  policy.	
  

•  Bear	
  in	
  mind	
  Cme	
  frames	
  	
  
•  What	
  data	
  is	
  available	
  (needed)	
  at	
  what	
  Cmes	
  aier	
  event?	
  
•  What	
  is	
  the	
  minimum	
  data	
  to	
  collect	
  in	
  the	
  first	
  weeks	
  following,	
  	
  
vs	
  comprehensive	
  collecCon	
  later,	
  	
  
vs	
  data	
  to	
  assess	
  residual	
  capacity	
  for	
  decisions	
  on	
  demoliCons.	
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Italy Experience  

Post Earthquake Data Collection Workshop 

  Anchorage, Alaska July 20-21, 2014. Post-Earthquake Data Collection Workshop 

Network of University Laboratories in Earthquake Engineering 
REte dei Laboratori Universitari di Ingegneria Sismica 

A20



  Anchorage, Alaska July 20-21, 2014. Post-Earthquake Data Collection Workshop 

Marco Di Ludovico  
University of Naples Federico II 
Department of Structures for Engineering and Architecture  
Email: diludovi@unina.it 

Maria Polese 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: mapolesei@unina.it 

Gaetano Manfredi 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: aprota@unina.it 

Claudio Moroni 
Civil Protection Department 
Email: Claudio.Moroni@protezionecivile.it 

Mauro Dolce 
Presidency of Council of Ministers - Civil Protection Department 
Email: Mauro.Dolce@protezionecivile.it 

Andrea Prota 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: aprota@unina.it 
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•  What is ReLUIS? 

ReLUIS – Competence Centre of Civil Protection Dept. 

 ORDINANCE OF THE PRIME MINISTER  
3274/2003 

REte dei Laboratori Universitari di Ingegneria Sismica 
Charter members: Univ. Basilicata, Napoli, Pavia and  Univ. di 

Trento) Collaboration with ENEA 

 

Competence Centres  

Network of University Laboratories in 
Earthquake Engineering 
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•  What is ReLUIS? 
• The consortium ReLUIS has many 
similarities with other earthquake 
engineering networks (i.e. Network 
for Ear thquake Engineer ing 
Simulation – NEES and Asian Pacfic 
Network for Center of Engineering 
Reaserch - ANCER). 

• ReLUIS, is a interuniversity consortium with the purpose to coordinate the 
University Laboratories activity of seismic engineering, giving scientific, 
organizational, technical and financial supports to associated University 

Laboratorio ENEA 

ReLUIS – Competence Centre of Civil Protection Dept. 
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Recent Earthquakes in Italy  

    Southern Italy Earthquake  
      23 November 1980 (Ms=6,9)	
  

    Umbria-Marche Earthquake 
    26 September 1997 (Ms=5,5) 

 L’ Aquila Earthquake   
 6 April  2009 (Mw=6,3) 

Emilia-Romagna Earthquake in 
20-29 may 2012 (Mw=5,9;5,8) 

Molise Earthquake   
 31 October 2002 (Mw=6,3) 
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Recent Earthquakes in Italy  
Ø  Southern Italy Earthquake – 23 November 1980 (Ms=6,9) 
The earthquake hit a vast area in 
Campania, Basilicata and, to a 
lesser extent, Puglia.  
•  687 municipalities were seriously 

damaged; 
•  2,914 deaths and more than 

8,800 injured 

•  February 1981 - Regulations for 
implementing the law of 1970 : instruction for 
the organization of a civil protection system; 

•  June 1981 – new Minister for Civil Protection 
(Zamberletti). 

“HURRY to save those who are still alive, 
to help who no longer has anything"  
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Recent Earthquakes in Italy  
Ø Umbria-Marche Earthquake 26 September 1997 (Ms=5,5) 

An initial earthquake tremor of magnitude 5.5 (Ms) 
hit a vast area of central Italy. Then a seismic 
sequence continued for several  months in Umbria 
and Marche, with thousands of  
tremors in a wide area, causing 11 
deaths  

Basilica of San Francesco d’Assisi 

•  For the first time the damage survey has been performed together with the 
usability survey (Aedes form)  

•  criteria for reconstruction phases: “light” and  “heavy” reconstruction; 

•  Public funds (repair+ strengthening works) based on parametric costs 
assessed according to damages and vulnerability significant parameters; 

Ø Molise Earthquake – 31 October 2002 (Ml=5,4) 
•  new seismic code (OPCM n. 3274/2003) 
•  Code provisions: seismic assessment of strategic buildings ond 

infrastructures 
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Recent Earthquakes in Italy  
Ø L’ Aquila Earthquake – 6 April 2009 (Mw=6,3) 
The main shock occurred at 
03:32  on 6 April 2009, causing 309 
deaths and over 1500 injured. 
Its  epicenter  was near  L’Aquila, 
which together with surrounding 
villages suffered most damage.  Government 

buildingin of the city 
of L’Aquila 

•  damage and seismic usability assessment of each building through in situ 
inspections; 

•  The AeDES form was adopted as a rapid tool to evaluate the safety 
conditions of the buildings; 

•  The financial support to the reconstruction process was calibrated also 
depending on the building usability rate; 

•  Reconstruction process based on light and heavy reconstruction; 

•  For each building not only repair works but also local or global strengthening 
interventions (or demolition and reconstruction) were allowed; the retrofit 
design as well as their costs were designed and computed by practitioners. 
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Recent Earthquakes in Italy  

•  Damages mainly on industrial buildings - Business interruption; 
•  additional damages provided by the earthquake of 29 may . 
•  Need to refine Usability form for precast buildings 

Ø Emilia-Romagna Earthquake – 20-29 May 2012 (Mw=5,9; 5,8) 
In May 2012, two major earthquakes 
occurred in  Northen Italy, causing 26 
deaths and widespread damage. 
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Post Earthquake Safety Evaluation of Buildings 

Damage and Safety assessment 

Ø ATC-20 
Following the San Fernando Earthquake in 1971 (South 
California), the Applied Technology Council (ATC) 
began developing Procedures for Postearthquake 
Safety Evaluations of Buildings (ATC-20) and a Field 
Manual: Postearthquake Safety Evaluations of Buildings 
(ATC-20-1). 

Ø The Aedes form 
The form and its manual derive from the experience 
gained in several earthquakes since earthquake in 
Umbria and Marche in 1997.  
Updates were made after the earthquakes of Pollino 
1998 and Molise in 2002. 
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Data collected by Aedes Form 

Ø Section 1 -  Building identification 

Ø Section 2  -  Building description: 

•  localization; 
•  n° of the survey; 
•  date of the survey. 

•  metrical data; 
•  age ( period of construction); 
•  eventually renovation; 
•  type of use and exposure. 

Ø Section 3 -  Building typology 
•  structural typology; 
•  main elements of vulnerability. 

Post Earthquake Safety Evaluation of Buildings 

The usability evaluation is not a safety assessment, nor it substitutes it. 

Buildings are intended as structural units - form takes into account only  
residential structure. 
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Data collected by Aedes Form 
Ø Section 4  -  Damage to structural    
elements and existing short term 
countermeasures: 

Ø Section 5  -  Damage to no structural 
elements and existing short term 
countermeasures: 

Post Earthquake Safety Evaluation of Buildings 

Ø Section 6 -  External risk induced by 
other construction and and existing short 
term countermeasures  

Ø Section 7  -  Soil and Foundation 

Ø Section 8  -  Usability assessment 
 

Ø Section 9 - Note 
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D1 slight damage:  
The damage not affect significantly 
the capacity of the structure; the 
damage is slight when the falling of 
objects can immediately be avoided. 

Damage Level and extension 

Post Earthquake Safety Evaluation of Buildings 
Data collected by Aedes Form 

D2-D3 medium-severe damage:  
The damage changes significantly 
the capacity of the structure, 
without getting close to the limit of 
partial collapse of the main structural 
components.  

D4-D5 very heavy damage:  
The damage significantly modifies the 
capacity of the structure, bringing it 
close to the limit of partial or total 
collapse of the main structural 
components – including collapse 
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Posting systems: 
• Inspected - Appears safe for lawful occupancy 
• Limited Entry / Restricted Use - Some restriction on 
use, controlled by building owner/manager  
• Unsafe – Entry controlled by jurisdiction 

Ø Aedes Form 

Ø ATC-20 

Post Earthquake Safety Evaluation of Buildings 

Damage and Safety assessment 

Six usability rates: 
•  Usable 
•  Unusable but usable after short 

countermeasures 
•  Partially unusable 
•  Temporarily unusable 
•  Unusable 
•  Unusable due to external risk 
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Technical management of seismic emergency –
damage survey and safety evaluation 

Training  

The training activities are carried out for: 
• practitioners  
• university professors and researchers 

•   s h a r e a u n i q u e 
a p p r o a c h a t  t h e 
national level in the 
technical management 
of seismic emergency  

•  p r o m o t e c o m m o n  
standards, procedures, 
l a n g u a g e s  a n d 
operating methods 

Objectives  

•  Homogeneous safety evaluations by experts 
from different fields and from different boards.  
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L’Aquila Earthquake 

Ø Data collected - Aedes Form 

Ø Housing impacts 
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about 72,000 buildings 
inspected 
(more than 80,000 inspection) 

7 April 

Data collected - Aedes Form 

Data collected after the earthquake 
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  A B C D E F 
Masonry 48.7% 10.7% 2.6% 1.2% 30.5% 6.3% 
Mixed 62.9% 11.3% 3.0% 0.6% 17.1% 5.1% 
RC  61.6% 19.4% 2.3% 1.1% 13.5% 2.1% 
Total 52.0% 12.5% 2.6% 1.0% 26.5% 5.4% 

Data collected after the earthquake 

Data collected - Aedes Form 

Usable 
Unusable but usable with countermeasures 
Partially unusable 
Temporarily unusable 
Unusable 
Unusable due to external risk 
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Data collected after the earthquake 
Data collected - GIS 

GIS mapping of all damaged buildings 

A38



Last Update - 18.04.2009 

Persons assisted: 
65.579  

ACCOMMODATION IN HOTELS AND PRIVATE HOUSES 
Province Persons 
Teramo 18.468 persons: 13.458 in 194 hotels and 5.010 in 1.087 

private houses 
Pescara 3.875 persons: 3.872 in 65 hotels and 3 in 1 private house 
Chieti 2.876 persons: 2.828 in 105 hotels and 48 in 6 private houses 
Ascoli Piceno 750 persons in 9 hotels 
Total 25.969 persons 

ACCOMMODATION IN TENTS 

Camps  Tents Persons 
assisted Field kitchens Advanced 

Medical Posts 
COM1 36 1.512 13.876 13 15 
COM2 24 869 5.475 16 14 
COM3 40 946 6.562 10 3 
COM4 19 906 4.518 17 3 
COM5 10 868 4.206 9 6 
COM6 14 247 1.850 4 0 
COM7 18 609 3.123 0 0 
COM8 not yet 

avail. not yet avail. not yet avail. not yet avail. not yet avail. 
TOT 161 5.957 39.610 69 41 

Data collected after the earthquake 
Housing impacts 
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Data collected after the earthquake 
Housing impacts 
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The C.A.S.E. Project 

Seismic 
Isolators 

8,000 houses for 23,500 homeless available in few 
months –  4449 apartments C.A.S.E. project   
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Typical solutions post-earthquake  

Lodging with different levels of cost and, above all, of 
comfort 

Serviceable 
Useful life 

[year] 

Surface/person 
about 
[mq] 

Surface 
media 
[mq] 

Cost /person 
[€/person] 

Cost/Yr /
person 

[€/person] 

Tents 3 6,2 - 9,4 7,8 5243 1748 
Roulotte 5 2,3 – 3,5 2,9 3125 1005 
Container 8 5 - 7,5 6,2 10875 1359 
Wooden 
houses  (MAP) 15 17,8 – 25,4 21,6 33249 2217 

Project C.A.S.E 30 22,1 – 31,6 26,9 40856 1362 

Hotel 1 7-12 9,5 5323 5323 
CAS 1 10-20 15 2000 2000 
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Typical solutions post-earthquake  

Lodging with different levels of cost and, above all, of 
comfort 

Tents  roulotte  container MAP   C.A.S.E.  Hotel      CAS 
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L’Aquila Earthquake 

Ø Data collected – Reconstruction process 

Ø Organizations involved in collecting data 
 
Ø Repair and strengthening works costs  
 
Ø Demolition and reconstruction  
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•  Reconstruction policies 

The Ordinances 

Rate A 
Rate B or C    

Rate E    

June 6 2009 – OPCM 3779 

July 9, 2009 – OPCM 3790 

Masonry aggregates 
November 12  2009 – OPCM 3820 

June 6, 2009 – OPCM 3778 

(*) 

(*) 

(*) With Annexes 
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The Reconstruction Process of private buildings 

ü   Repair intervention with a maximum 
refund of 10.000 € + 2.500 €/dwelling; 

•  Financial Support  

Rate A: Usable buildings  

“LIGTH” RECONSTRUCTION 
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The Reconstruction Process of private buildings 

ü   Repair intervention with a maximum 
refund of 10.000 € + 2.500 €/dwelling; 

•  Financial Support  

Rate A: Usable buildings  

ü  Total refund of repair intervention costs + 
local strengthening of structural or non-
structural members up to 150 €/mq.; 

Local strengthening interventions:  
•  related to single structural members; 
•  no significant mass and stiffness change; 
•  only the local member capacity increase should be computed; 
•   the global analysis of the structure is not required. 

Rate C: Partially usable building. 
Rate B: Building usable only after short term countermeasures  

“LIGTH” RECONSTRUCTION 
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•  The “Filiera” activity  

The approval process of funding requests 

ü The process consists of a series of checks by : 

1. FINTECNA: Finanziaria per i Settori Industriale e dei Servizi S.p.A. 

2. ReLUIS: Laboratories University Network of seismic engineering  

3. CINEAS: Interuniversity Consortium of Insurance Engineering 

FINTECNA - Ministry of Economy and Finance,  evaluates 
administrative check of  application and documentation.  

Compliance between: i) repair intervention and damages; 
ii) local strengthening interventions and italian seismic 
code provisions (NTC 08 and Circ. 617/2009 as well as  
specific provisions for the Abruzzo Emergency (O.P.C.M. 
3779, 3790 and Annexes by DPC). Technical check 

Finacial check 
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•  The “Filiera” activity  

The approval process of funding requests 

WHITE BOOK ON THE RECONSTRUCTION 
OF PRIVATE BUILDINGS DAMAGED BY 

THE L’AQUILA EARTHQUAKE 
 
 

A49



U.I.I = 2742 	
  
	
  

P.C. = 3033 

	
  
	
  
	
  

U.I.C. = 13562	
  

•  The “Filiera” activity  

The approval process of funding requests 

19936 FUNDING REQUESTS 

L’Aquila 

Other municipalities 

2094 

698 

2761 

272 

13087 

  475 

ü  19936 Funding requests related to L’Aquila 
city (outside the historical centre) and other 
municipalities have been analysed in the 
approval process 

U.I.I = Housing unit	
  
	
  

P.C. = Communal areas 	
   U.I.C. = Dwellings	
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•  Data Collection  

The approval process of funding requests 

19936 FUNDING REQUESTS 

AQ-E-TDA-2839-C022-1-X-X-X-X  Application	
  Digital	
  documentatio	
  

Province 

Building rate 

Municipality 

Protocol 

Building code 

Intervention types 
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•  Data Collection  

The approval process of funding requests 

•  Building address - Usability rate (B,C, or E); 
•  structural typology (RC, masonry, steel, etc.); 
•  number of stories; 
•  global surface; 
•  age of construction;  
•  number of dwellings; 
•  Approval process timing; 
•  repair and strenghtening interventions; 
•  risk indicator [α]; 
•  dwellings repair costs;  
•  Structural repair costs, local strengthening 

interventions costs (B or C buildings);  
•  seismic capacity increase interventions costs 

(E buildings) 
•  Demolition and reconstruction 

 QUERY Data	
  

Form	
  to	
  collect	
  data	
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•  The “Filiera” activity  5775 BUILDINGS 

The damaged building stock 
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•  Usability rate vs. structural type age of constr. 

2482 R.C. Buildings 1.818 Masonry Buildings 
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Age of construction 

B-C 
E-B 
E 

= 1818 

ü  RC structures:  E rate buildings decrease with recent age of 
construction (from about 60% to about 15%) 

ü  Masonry structures:  E rate buildings is almost constantly 
about  35%) 

The damaged building stock 
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2.577 R.C. Buildings 1.981 Masonry Buildings 
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n° of storeys 
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•  Usability rate vs. structural type n° of stories 

The damaged building stock 

ü  RC structures:  E rate buildings increase with number of stories 
(from about 10% to about 50%) 

ü  Masonry structures:  E rate buildings increase with number of 
stories (from about 25% to about 45%) 
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Light Reconstruction 

Rate B or C    
June 6 2009 – OPCM 3779 

(*) 

Rate A: Usable buildings  

Rate C: Partially usable building. 
Rate B: Building usable only after short term countermeasures  

2901 of L’aquila 
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•  Strong support to practioners 

Light reconstruction – Buildings Usability rate 

GUIDELINES AND CALCULATION 
EXAMPLES 

REPAIR AND STRENGTHENING OF STRUCTURAL 
ELEMENTS, INFILLS, AND PARTITIONS 

Freely downloadble on website: www.reluis.it 

THE “LIGTH” RECONSTRUCTION 

Freely downloadable at website  
www.reluis.it 
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1985	
  
2061	
  

1877	
  

9281	
  

Ax
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n°	
  of	
  grant	
  funded	
  monthly	
   N°	
  of	
  total	
  grant	
  funded	
  	
  
Total	
  grant	
  funded	
  

534.359.872	
  €	
   Date n°  requests 
approved Grant 

 
[-]  [-] [%] [€] 

December 2009 34 0% 940.492,17 

March 2010 5.957 63% 246.860.149,31            

September 2010 8.467 90% 452.717.28,51          

September 2011 9.048 96% 509.215.730,00 

March 2013 9.247 98% 532.259.802,10 

September 2013 9.281 98% 534.359.872,31 

After 1 year 90% (8467 of 10439) 
financially approved by the 
municipality 

L'Aquila	
  Usability	
  rate	
  B-­‐C	
  

Light reconstruction - Approval process  
•  Funding requests grant (B or C buildings)  

ü  Municipalities grant released:  A grant of about 452 million of 
euro at September 2010, total “ligth” reconstruction costs of 
about € 534.000.000, 00 

A
ug
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8467 
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•  3564 Private buildings 

3564 Usability rate B or C 
2211 Usability rate E 

R.C.  
49% 

 

Other 
7% 

  

0, 0% 

Usability rate B or C  
3564 Buildings 

Masonry 
44% 

 

B or C  
 62% 

 

E 
 38% 

5775 Buildings 

1738 R.C. Buildings 
1580  Masonry Buildings 
246 Other tipologies 

Light reconstruction – Buildings Usability rate 

3318 
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•  Costs on 2501 Private buildings – L’Aquila 
Buildings B or C : 
 

The grant includes the costs for repair intervention + local 
strengthening of structural or no-structural members. 

•  1.599 R.C. buildings - mean grant: 246 €/m2  

 
 

•  902 masonry buildings  mean grant : 318 €/m2  

•     

Light reconstruction – Costs 

Costs include: 
practitioners technical fees and V.A.T. 
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Light reconstruction – Costs 

n° of Buildings [-] 1599 
Mean [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  246,78	
  	
  	
  
Median [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  216,47	
  	
  
Minimum [€/m2] 41,03  
Maximum [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.090,78	
  	
  
Range[€/mq] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.049,75	
  	
  	
  
16° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  101,47	
  	
  
84° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  390,74	
  	
  
Standard Dev.[€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  154,57	
  	
  
CoV [%] 63 
Asymmetry [-] 1 
Kurtosis [-] 2 
Total grant [€] 	
  	
  	
  375.866.841,96	
  	
  
Mean grant [€] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  235.063,69	
  	
  
Mean Surface [m2] 898,28	
  

ü  Buildings grant:  Mean value of 246 €/mq.  , corresponding to 
a mean grant of about € 235.000, 00 for each building, mean 
surface of about 900 mq. 

•  R.C. Private buildings 
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Light reconstruction – Costs 

n° of Buildings [-] 902 
Mean [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  318,22	
  	
  	
  
Median [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  292,26	
  	
  
Minimum [€/m2] 	
  32,20  
Maximum [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  962,36	
  	
  
Range[€/mq] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  930,16	
  	
  	
  
16° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  147,45	
  	
  
84° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  488,10	
  	
  
Standard Dev.[€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  172,16	
  	
  
CoV [%] 54 
Asymmetry [-] 1 
Kurtosis [-] 1 
Total grant [€] 	
  	
  	
  103.418.291,36	
  	
  
Mean grant [€] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  114.6543,0	
  	
  
Mean Surface [m2] 377,	
  35	
  

ü  Buildings grant:  Mean value of 318 €/mq.  , corresponding to 
a mean grant of about € 115.000, 00 for each building, mean 
surface of about 377 mq. 

•  Masonry Private buildings 
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R.C. Buildings: 1.599 Masonry Buildings: 902 

Light reconstruction – Costs 
•  Cost rates 
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•  Repair cost rate due to dwellings: 115 €/m2 

Light reconstruction – Costs 

ü  U.I.C. grant:  Mean value of 218 €/
mq. , corresponding to a mean 
grant of about € 30.000 for each 
U.I.C.,  

•  Private buildings 

•  On each building the repair cost 
rate due to dwellings is : 93 €/m2 

Note: Computed as the repair costs of dwellings (the ones for which the 
application was submitted) divided by the cover building total surface 

Note: Computed as the repair costs of dwellings 
(the ones for which the application was submitted) 
divided by the cover building total surface 
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Light reconstruction – Repair & Strength. Costs 

•  Repair mean costs:  208 €/m2 

•  Local Strengthening mean costs:  38 €/m2 
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Local strengthening interventions 

1218  R.C buildings FRP 

CAM 

•  R.C. Private buildings 
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•  Repair mean costs:  242 €/m2 

•  Local Strengthening mean costs:  76 €/m2 

Light reconstruction – Repair & Strength. Costs 
•  Masonry Private buildings 

STEEL TIES 
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Strenghtening interventions 

1.116 masonry buildings 

ü  Local strengthening 
costs:  doubed with 
respect to RC 
buildings (in any case 
lower than maximum 
allowable 150 €/mq)  
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ReLUIS - Project on School Buildings 
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Minimum	
  Safety	
  level	
  

Removing	
  briJle	
  failure	
  mechanisms	
  

SEISMIC	
  SAFETY	
  ASSESSMENT	
  OF	
  SCHOOL	
  BUILDINGS	
  IN	
  L'AQUILA	
  
SAFETY INDEX INCREASE PROVIDED BY LOCL STRENGTHENING SOLUTIONS 

RehabilitaXon	
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Retrofitted with FRP” International Workshop Role of Research Infrastructures in 
Seismic Rehabilitation - SERIES, Istanbul, TUrkey, February 8-9, 2012, paper ID 
SS2-5, pp. 21-22. (http://web.itu.edu.tr/series).  
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“ THE HEAVY” RECONSTRUCTION 

Rate E    
July 9, 2009 – OPCM 3790 

(*) 

Rate E: Unusable building. 

1951 of L’aquila 
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The Reconstruction Process of private buildings 
•  Financial Support  

“HEAVY” RECONSTRUCTION 

The so called “E-B buildings”  in the approval process 

ü  Total refund of repair intervention costs + 
seismic strengthening up to 400-600 €/mq. 
(minimum safety level 60% of current code 
request, up to 80%) 

 
ü  In case of “E” buildings with a low level of 

structural dameges, total refund of repair 
interventions and it is also possible to 
perform only the local strengthening of 
structural or non-structural members up to 
250 €/mq. (global analysis is not obligatory)  

Rate E: Unusable building  

Rate E    July 9, 2009 – OPCM 3790 

(*) 
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Date 
n° approval 

funding 
request  Grant 

[-]  [-] [%] [€] 

March	
  2010	
   10	
   0%	
   2.520.526,28	
  

September	
  2010	
   172	
   2%	
   16.189.933,57	
  

September	
  2011	
   1.325	
   16%	
   231.255.611,15	
  

September	
  2012	
   4.595	
   54%	
   901.860.304,41	
  

September	
  2013	
   6.257	
   74%	
   1.604.415.532,45	
  

After 3 years, 50% of requests 
(4585 out of 8906) financially 
approved by the municpalities  
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n°	
  of	
  grant	
  funded	
  monthly	
  

1.604.415.532	
  €	
  
L'Aquila	
  Usability	
  rate	
  E	
  

•  Funding requests submission (E buildings)  

Heavy reconstruction - Approval process  

ü  Municipalities grant released:  A grant of about 900 million of 
euro at September 2012, total “heavy” reconstruction costs 

of about € 1.600.000.000, 00 
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•  2211 (1902 E+ 309 E-B) private buildings 

3564 Usability rate B or C 
309 Usability rate E-B 
1902 Usability rate E 

B or C  
 62% 

 

E 
 38% 

5775 Buildings 

836 R.C. Buildings 
1020  Masonry Buildings 

46 Other tipologies 

Heavy reconstruction – Buildings Usability rate 

R.C. 
44% 

Other 
2%  

, 0, 0.0% 

Usability Rate E - 1902 edifici 

Masonry 
54% 
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Costs on 762 Private building – L’Aquila 
Buildings E : 
The grant includes the costs for repair intervention + seismic 
strengthening. + energy efficiency upgrade + structural and 
geothecnical  tests.   
 

•  448 R.C. buildings - mean grant: 1030 €/m2  

 

•  314 masonry buildings  mean grant : 935 €/m2  
 

  

Heavy reconstruction – Buildings Usability rate 

(about  4 times higher than in case o B or C buildings – 
246 €/mq)  

(about  3 times higher than in case o B or C buildings – 
318  €/mq)  

Costs include: 
practitioners technical fees and V.A.T. 
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n° of Buildings [-] 448 
Mean [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.030,4	
  	
  	
  
Median [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.057,4	
  	
  
Minimum [€/m2] 168,0  
Maximum [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.826,96	
  	
  
Range[€/mq] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.658,65	
  	
  	
  
16° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  806,41	
  	
  
84° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.258,2	
  	
  
Standard Dev.[€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  240,68	
  	
  
CoV [%] 23 
Asymmetry [-] 0 
Kurtosis [-] 0 
Total grant [€] 	
  	
  	
  805.129.213,53	
  	
  
Mean grant [€] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.797.163,0	
  	
  
Mean Surface [m2] 1.733,8	
  

ü  Buildings grant:  Mean value of 1.030 €/mq.  , corresponding 
to a mean grant of about € 1.800.000, 00 for each building, 

mean surface of about 1.700 mq. 

•  R.C. Private buildings 

Heavy reonstruction – Costs 
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n° of Buildings [-] 314 
Mean [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  934,97	
  	
  	
  
Median [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  941,8	
  	
  
Minimum [€/m2] 	
  312,00  
Maximum [€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.740,68	
  	
  
Range[€/mq] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.428,58	
  	
  	
  
16° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  722,00	
  	
  
84° Percentile  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.148,63	
  	
  
Standard Dev.[€/m2] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  227,38	
  	
  
CoV [%] 24 
Asymmetry [-] 0 
Kurtosis [-] - 
Total grant [€] 	
  	
  	
  180.718.716,58	
  	
  
Mean grant [€] 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  575.537,3	
  	
  
Mean Surface [m2] 608,	
  7	
  

•  Masonry Private buildings 

Heavy reonstruction – Costs 

ü  Buildings grant:  Mean value of 935 €/mq.  , corresponding to 
a mean grant of about € 575.000, 00 for each building, mean 

surface of about 610 mq. 
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R.C. Buildings: 448 Masonry Buildings: 314 

Heavy reconstruction – Costs 
•  Cost rates 
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•  Repair cost rate due to dwellings: 170 €/m2 

Heavy reconstruction – Costs 

ü  U.I.C. grant:  Mean value of 287 €/
mq. , corresponding to a mean grant 

of about € 40.000 for each U.I.C.,  

•  Private buildings 

•  On each building the repair cost 
rate due to dwellings is : 116 €/m2 

Note: Computed as the repair costs of dwellings (the ones for which the 
application was submitted) divided by the cover building total surface 
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Heavy reconstruction – Costs 
•  R.C. Private buildings 

•  structural and geothecnical  tests costs:   10 €/mq. 
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250 R.C. Buildings  

ü  Concrete average cylindrical compressive strength 

•  Energy efficiency upgrade costs ( 394 build.): 96 €/mq.   
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Isolators Steel dampers 
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Strenghtening intervention 

448 R.C. Buildings  

•  Seismic strengthening mean costs: 344 €/m2 

Heavy reconstruction – Repair & Strength. Costs 
•  R.C. Private buildings 

•  Repair mean costs:  592 €/m2 

ü  Almost in every case 
two or more techniques 

have been used in 
combintion 

ü  Strong impetus for 
innovation  

A78



Reinforced plaster 

•  Seismic rehabilitation mean costs: 357 €/m2 

Heavy reconstruction – Repair & Strength. Costs 

•  Energy upgrade costs ( 394 buildings): 96 €/mq.   

•  Masonry Private buildings 

•  Repair mean costs:  499 €/m2 
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The Reconstruction Process of private buildings 
•  Financial Support  

 
ü   Demolition and Reconstruction or 

replacement in case of: 
 
 •  TToottaallllyy  ccoollllaappsseedd buildings 
• MMaassoonnrryy  ssttrruuccttuurreess partially collapsed (more than 25% in volume) 
•  RReeiinnffoorrcceedd  CCoonnccrreettee  SSttrruuccttuurreess, average compressive cylindrical 

strength lower than 8 MPa 
•  RReeiinnffoorrcceedd  CCoonnccrreettee  SSttrruuccttuurreess,, more than 50% of storey’s columns with 

a drift higher than 1.5%  
• DDeemmoossttrraattiinngg  tthhee  eeccoonnoommiicc  ccoonnvveenniieennccee::  ddeemmoolliittiioonnnn  aanndd  rreeccoonnssttrruuccttiioonn  

ccoossttss  lloowweerr  tthhaann  rreeppaaiirr  aanndd  ssttrreennggtthheenniinngg  (to be demonstreted) 

 ü   Specific Reccomendation for masonry aggregates 

“HEAVY” RECONSTRUCTION 

Rate E: Unusable building  
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The Reconstruction Process of private buildings 
•  Financial Support  

“HEAVY” RECONSTRUCTION 

Rate E: Unusable building  
ddeemmoolliittiioonn  aanndd  rreeccoonnssttrruuccttiioonn 

Specific form to compute demolition and 
reconstruction costs 

Cost range: 
 
1,200 - 1,700 €/mq.,  
depending on several building 
characteristics 
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•  Demolition and reconstruction:  
531 buildings (out of 1951) – 27% of the E building stock 

•  421 buildings:  repair and retrofit 
costs higher than demolition and 
reconstruction  

•  31 Buldings  forfait grant of 750 €/m2 
 
•  44 masonry buildings partially 

collapsed (more than 25% in volume)  
 
•  1 R.C. building: more than 50% of 

storey’s columns with a drift higher 
than 1.5% ;  

 
•  34 R.C. buildings: average 

compressive cylindrical strength 
lower than 8 MPa 

- Demolition and reconstruction mean cost: 1261,04 €/m2 
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Heavy reconstruction – Demolition 
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15 collapsed  R.C. buildings  
135 victims  
(43% of  309 victims of  L’Aquila earthquake) 
0.6%  of R.C. damaged building stock 

•  L’Aquila: Collapsed R.C. Buildings 

Hotel Duca degli Abruzzi collapse, 
L’Aquila 2009. 

Student’s Home 
collapse, L’Aquila 2009. 

Robustness and resilience 
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Robustness and resilience – ReLUIS – DPC projects 
ü  Within the 2014-2016 RELUIS-DPC research project, an activity is 
ongoing aimed at deriving a methodological approach to deal with 
structural robustness within the Italian national code: 

ü  DPC-RELUIS Project – Task 3.2  
 «Development of methodologies to quantify structural robustness»; 
Prota, D. Asprone, G. Manfredi (University of Naples), D. Chiaia, A. 
Fantilli (Polytechnic of Turin)   
 

ROBUSTNESS as a factor increasing RESILIENCE  

Loss 

Robustness R

F (t) % 
100 

t 

Robustness=1-Loss 

tE tE+ΔT 

Time for recovering ΔT 

Recovery path 

 da Renschler et al.  (2010)  
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TERREMOTO PARLIAMONE INSIEME 
Earthquake: let's talk together 

 

Initiative to improve community resilience 

“Earthquake I don’t risk” 

Series of events, started on 11 June 
2012, sponsored by the Civil Protection 
Department, Emilia-Romagna Region 
a n d t h e N a t i o n a l I n s t i t u t e o f 
Geophysics and Vulcanology in 
collaboration with the Network of 
University Laboratories for Earthquake 
Engineering, the Regional Health 
Service of Emil ia Romagna and 
voluntary organizat ions of c iv i l 
protection 

 
Ø  32  meetings on the Italian territory 

 

ww.protezionecivile.gov.it 

Immediately after Emilia Earthquake 

Robustness and resilience – ReLUIS – DPC projects 

Public information on risk 
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TERREMOTO IO NON RISCHIO 

102 squares in 100 Municipalities in 2012 

www.iononrischio.it 

215 squares in 200 Municipalities in 2013 

 

Initiative for seismic risk reduction 

223 squares in 203 Municipalities in 2014 (June 15th-16th) 

“Earthquake I don’t risk” 

“Earthquake I don’t risk” 

Public information on risk 

Robustness and resilience – ReLUIS – DPC projects 
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Ø   What data were used to assess building 
RESIDUAL CAPACITY and how were these 
data used in reconstruction decisions? 

Ø   WHAT SHOULD BE IMPLEMENTED in data 
collection protocols to make assessment of 
residual capacity more reliable? 
 

Post-earthquake decisions 
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 Policies for BUILDING DEMOLITION 

 demonstrating the 
ECONOMIC CONVENIENCE 

to demolish and rebuild 
instead of repair and retrofit 

(art. 5 comma 1 OPCM 
3881) 

WITHOUT 
demonstrating the 

ECONOMIC 
CONVENIENCE 

(lump sum refund) 

(art. 5 comma 2 e 3 
OPCM 3881) 

 WITHOUT 
demonstrating the 

ECONOMIC 
CONVENIENCE 

(SEVERE DAMAGES) 

(art. 5 comma 5 
OPCM 3881) 

v  excessive residual 
deformations 

(≥1.5% on more than 
50% columns of a 
storey) 

v  weak concrete (fc 
<8 Mpa) 

For R.C. buildings 

Post-earthquake decisions 
Policies after  L’Aquila earthquake 

For Masonry buildings 

v  partial failure of 
bearing walls for at 
least 25% of the 
building volume 
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Residual drifts 

Examples after  
L’Aquila 2009 

Post-earthquake decisions 
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Residual drifts: measurements after L’Aquila 2009 

Reluis  has measured permanent drifts for two damaged buildings in L’Aquila 
confronting the efficacy of traditional and innovative techniques 

plumb line total station laser-scanner 3D 

The simplest and more 
economic technique, 
may be applied only for 
accessible elements 
and is sensible to 
external interferences 
(e.g. wind) 

Traditional topographic 
technique,  very precise 
(tolerance ± 2mm). Allows 
measuring discrete points, 
that have to established a 
priori, on the element 

Innovative technique,  very 
precise (tolerance ± 2mm). 
Allows reconstructing the 
spatial coordinates of the 
surveyed object with a dense 
DEM. Specific points to be 
measured can be decided 
also a posteriori. 

Post-earthquake decisions 
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Residual drifts: measurements after L’Aquila 2009 

4 storey building in Pettino (AQ) 
D-DEM 

Building damage: a soft storey mechanism at the first level is activated. 

Example of damage on some of the columns at the first storey 

Post-earthquake decisions 
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Residual drifts: measurements after L’Aquila 2009 

For security reasons, only 
accessible or visible columns on 
the perimeter, circled in the 
bottom figure, were measured 

The measured columns 

Pilastro θB(%) θA(%) 
01 +0.74 / 
02 +0.13 / 
04 +0.96 / 
06 +0.51 / 
07 +2.52 +0.40 
32 -0.93 +0.19 

 1st level permanent drifts 
(evaluation from D-DEM data) 

Sign convention 

θB+ 

θA+ 

Post-earthquake decisions 
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Residual drifts: measurements after L’Aquila 2009 

4 storey building in Pianola (AQ) 

D-DEM 

Building damage: a soft storey mechanism at the first level is activated. 

Example of damage on some of the columns at the first storey 

Post-earthquake decisions 
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Residual drifts: measurements after L’Aquila 2009 

For security reasons, only 
accessible or visible columns on 
the perimeter, circled in the 
bottom figure, were measured 

The measured columns 

θB+ 

θA+ 
1st level permanent drifts 

(evaluation from D-DEM data) 

Pilastro θB(%) θA(%) 
01 +1.04 -0.56 
05 +0.25 +0.64 
13 -1.79 +0.60 
19 +0.77 +0.35 
17 +1.89 -0.54 
14 +0.29 0.00 

 

Permanent 
deformation of 

building in 
elevation 

(magnified 
displacements for 

representation purposes) 

Post-earthquake decisions 
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What data were used to assess building residual 
capacity and how were these data used in 

reconstruction decisions? 

Ø  No direct evaluation of Residual Capacity 

Ø  Indirect evaluation through: 

ü  residual drifts (difficult to measure; very few cases) 
à usability of this criterion depends on the 
construction type 

ü  global damage level (for very severe damage) 

ü  building tagging  (linked to damage)à influence 
on the applicable funding scheme 

Direct 
decision 

on 
demolition 
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What should be implemented in data collection 
protocols to make assessment of residual 

capacity more reliable? 

Residual Capacity as 

 representative parameter for assessment of  

building reparability in a  

Performance Based Policy framework 
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Repair/Retrofit criteria:  Policies after  L’Aquila earthquake 

Damage level 

rif

SLV

PGA
PGAP =60% 

Insignificant 
structural damage 
(Building classified 

with B/C tag) 

Heavy structural 
damage 

 (Building classified 
with E tag) 

Repair + Retrofit  
or 

repair + local upgrade 

Repair  
or  

repair + local upgrade 

Repair + Retrofit 

Reparability issues 

FEMA 308 (1998) 
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Evaluation of Residual capacity (Bazzurro et al.  2004) 

SPO2IDA +

Residual Capacity as  : 

 the minimum spectral acceleration (at elastic period T1 and with 5% 
damping) such as to determine local or global collapse during an 
aftershock 

PUSHOVER CURVES for buildings 
at variable damage levels 

Evaluation of REsidual Capacity (REC) 
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Evaluation of REsidual Capacity (REC) 

 Is seismic index;  Is,D seismic index reduced due to damage 

Is ∝ CxF with C ∝ base shear coeff. and F ductility factor 

(%)100, ⋅=
s

Ds

I
I

R Residual Capacity Index (%) 

Evaluation of Residual capacity (Bunno et al., 1999; Bunno and 
Maeda, 2001; Nakano et al. 2004) 

 rd

r

EE
E
+

=η

Reduction Factor

 

 
I II III IV V

Dissipated
Energy

Ed

Absorbable Energy 
Er

η

R

Residual
Deflection

Ultimate 
Deflection

Load

Deflection

Max 
Deflection

Damage
Class

The variation of elements capacity is expressed in function of 
 ηη (calibrated on experimental tests) 
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ASSESSMENT OF RESIDUAL CAPACITY with SPECTRAL APPROACH 
Residual Capacity RECSa: spectral acceleration corresponding to collapse 

RECag (in terms of peak ground 
acceleration): 

RECag= f(RECSa, Teq) 

RECSa found applying IN2 method for intact or 
damaged building (Polese et al., 2013) 

Evaluation of REsidual Capacity (REC) 

capbSa µCREC ⋅=

ceq TTfor ≥

Note similar i ty with 
definition of Is (and 
damaged I sd ) by 
(Nakano et al. 2004) 

 Is seismic index; Is,D seismic 
index reduced due to 
damage; Is ∝ CxF with C ∝ 
base shear coeff. and F 
ductility factor 
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Assessment OF RESIDUAL CAPACITY for Damaged buildings 

Vb 

D1 D2 D3 

V
b 

droof 

IN2 REC 

RECk 
IN2k 

1 2 

3k 

4k 5k 

INTACT STRUCTURE 

FOR EACH DAMAGED STATE DK 

droof 

Intact structure 

Dk damaged 
structure 

M M 

θ θ

Sd 

S
a 

 Pushover based 
procedure to assess 
behavior of damaged 
buildings 

 (Polese et al. 2013, 
adapted after FEMA 306) 

 need for suitable 
calibration of plastic 
hinges modification 
factors for existing 
buildings (typically 
with non-conforming 
elements) 

Evaluation of REsidual Capacity (REC) 
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PLASTIC HINGES MODIFICATION FACTORS  

for NONCONFORMING columns 
Definition of plastic hinges modification factors (after FEMA 306, 1998) 

stiffness strength Plastic 
rotation 

intact K My a 

damaged K’=λKK My’=λQMy a’=a-ad 

K 

K’ 

My 

M’y 

a 

a’ 

θy θ’y 

Modification factors should represent 
the level of damage for the element 

eff
th

pp
k k
kλ −=

stiffness 

Modification factors shall be derived 
via experimental calibration 

Modification factors as a function of local 
ductility demand (Di Ludovico et al., 2013) 

0.0

1.0

2.0

3.0

0.0 2.0 4.0 6.0 8.0 10.0

kp-p/ktheff

θθ/θθthy

AP10 AP12
M1 M2
M3 M4
M5 M6
M7 M8
M9 M10
M11 M12
R300D_c R500D_c
S300D_c Nosho

Evaluation of REsidual Capacity (REC) 
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A key aspect is the assessment of suitable REDUCTION FACTORS 

to determine residual capacity: 

Evaluation of REsidual Capacity (REC) 

Need consistent values for: 

Ø  Different element types (beams, columns, walls, ….) 

Ø  Behavior types (proposals exist in FEMA 307 & Japanise 
approach to be extended) 

Based on damage level 

(post-earthquake 

assessment) 

Based on ductility 

demand 

(modeling) 

Need: 

 

Definition of damage-ductility intervals  

for different elements and behavior types 

….and more test-based calibration of REDUCTION FACTORS  
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Definition of the damage levels for 
RC structural elements  - beams and 
columns (in Aedes) 

Damage Description 

D1 

Cracks up to 1 mm in beams and up to 0.5 mm in columns or 
walls, if not related to concrete crushing. Diagonal cracks in 
external walls up to 1 mm  (up to 2 mm if at the frame 
interface) 

D2-D3 

Cracks up to 4-5 mm in beams and up to 2-3 mm in 
columns. Imperceptible leaning. Incipient buckling of 
reinforcing bars and concrete cover spalling. Diagonal 
cracks in external walls up to few mm. 

D4-D5 
Collapse or inclination more than 1%. Crack width is 
more than 5 mm in beams and 3 mm in columns. 
Buckling of reinforcing bars. 

Examples from 
Manual 

Damage Data (speed survey form) 
The DAMAGE DATA collected in the 
Aedes survey form (speed form, for 
tagging purposes) 
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Damage data vs residual capacity 

How can we connect those damage definitions to local ductility demand 
and to the relative residual capacity variation? 

Di Ludovico et al., 2013 

Experimental  assessment through residual cracks 

Maeda et al., 2004 

Need more 
calibration based 
on (new or 
existing) 
experimental 
tests: 

Ø  for  various 
element types 

Ø  for various 
behavior modes 
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What  DAMAGE DATA is collected in the Aedes survey form (speed form, for 
tagging purposes) 

DATA available as percentage at the building level: difficult to use for 
lumped plasticity models, unless a mechanism type is assigned 

Damage data vs residual capacity 

AFTER SPEED ASSESSMENT FOR ALL DAMAGED BUILDINGS 
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What is available at the SINGLE BUILDING LEVEL (after detailed analysis by 
designer in order to obtain funding) 

ü  DETAILED 
DAMAGE 
ASSESSMENT 

ü  PHOTOS 

ü  MATERIAL 
PROPERTIES 
CHARACTERIZATION 

Damage data vs residual capacity 

AFTER DETAILED ASSESSMENT AT SINGLE BUILDING LEVEL (lengthy, but 
necessary for decision) 
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What should be implemented in data collection 
protocols to make assessment of residual 

capacity more reliable? 

The need for speed is an imperative; data 
collection cannot be slowed by requests for 
detailed data evaluation 

FOR SPEED SURVEY FORMS: 

Request to categorize damage according to:  

Element types;  

behavior modes; 

FOR DETAILED ASSESSMENT AT THE BUILDING LEVEL: 

Damage levels 

Position 

Damage distribution/
mechanism type 

Form	
  to	
  collect	
  data	
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  Anchorage, Alaska July 20-21, 2014. Post-Earthquake Data Collection Workshop 

Marco Di Ludovico  
University of Naples Federico II 
Department of Structures for Engineering and Architecture  
Email: diludovi@unina.it 

Maria Polese 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: mapolesei@unina.it 

Gaetano Manfredi 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: aprota@unina.it 

Claudio Moroni 
Civil Protection Department 
Email: Claudio.Moroni@protezionecivile.it 

Mauro Dolce 
Presidency of Council of Ministers - Civil Protection Department 
Email: Mauro.Dolce@protezionecivile.it 

Andrea Prota 
University of Naples Federico II 
Department of Structures for Engineering and Architecture 
Email: aprota@unina.it 
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thank you! 
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Alaska, July 2014

Chilean Post earthquake 
data collection 

workshop
Experience
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• Characteristics of the ground motion
• Emergency response system
• Information sources

2010 CHILE EARTHQUAKE AND
DATA COLLECTION METHODOLOGIES

GEOPHISICAL, EARTHQUAKE AND 
TSUNAMI INFORMATION

• Instrumental data
• Geotechnical data
• Tsunami data

• Hospitals, schools, ports, road network
• Potable water, communications and 

electric power systems

LIVELINES AND CRITICAL 
INFRASTRUCTURE

• Immediate damage inspections
• Detailed visual inspection of 

damaged buildings
• Structural recovery or 

rehabilitation projects 

BUILDING DATA

• Mental health
• Economic losses

SOCIAL AND HUMAN IMPACT

LESSONS LEARNED

• Conclusions
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Data
Collection
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National center for integrated
disaster management, CIGIDEN
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Data collection
Problem
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NCPS
Disasters

Technical Coordination
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2010 CHILE EARTHQUAKE 
AND DATA COLLECTION 
METHODOLOGIES
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Seismic
Setting
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2011
Japan

2010
Maule, Chile

2010
Haiti

2004‐2007‐2012
Indonesia

2011
New Zeland

2006
Kuril Islands

2007
Pisco, Peru2009

Samoa

2013
Russia

2011
Guatemala

2003
Mexico

2002
Alaska

Recent

2014
Iquique, Chile

2013
Solomon 
Islands

Earthquakes
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Big EQKs
Since 1900
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millions
$USD/year

1000 

580 in 2010

1600 in 1960

800 in 1922

~

Concepción, 2010

Valdivia, 1960

~
~
~

Chile

Deaths
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Earthquake

27/F
A121



Earthquake

27/F
A122



B

Residential Buildings

Contents

Industrial

Infra‐structure

A C

D

Buildings

B

Feb‐27 Earthquake

A123



GEOPHISICAL, 
EARTHQUAKE AND 
TSUNAMI INFORMATION
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Data type Source Website 
Acceleration 
records 

Servicio sismológico Nacional (SSN) of Chile http://www.sismologia.cl/
Renadic http://terremotos.ing.uchile.cl/

Waveform data IRIS http://www.iris.edu/wilber3/find_event 

GPS 

UNAVCO Data Archive http://facility.unavco.org/data/dai2/app/dai2.html#
International GNSS Service http://igscb.jpl.nasa.gov/
Argentinian cGPS network operated by Instituto 
Geografico Nacional (IGN) of Argentina 

http://www.ign.gob.ar 

Brasilian cGPS network operated by Instituto 
Brasileiro de Geografia e estatistica 

http://www.ibge.gov.br/ 

Chilo-German observatory of Concepcion operated 
by BKG-Frankfurt/U-Concepcion/IGM 

http://www.tigo.cl 

InSAR Tong et al (2010) http://supersites.earthobservations.org/chile.php#surface
SAR images JAXA, ALOS/PALSAR data http://www.eorc.jaxa.jp/ALOS/en/

 

Instrumental
Data
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Sistemas de Protección Sísmicas  - Estructuras en Chile

Curico records
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Earthquake
27/F 2010
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TerraSARX

ALOS, JERS1

ENVISAT, RADARSAT1‐2,ERS1‐2

InSAR
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Geometry

• The change in viewing
geometry and surface
changes is dectected
as a change in phase

• The range‐change is
related to various
geometric sources

InSAR
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InSAR
Processing
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Interferograms
2010
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Interferograms
2010
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Synthetic (low‐pass filter) Ground‐motion filter

+
VLP‐1				N‐S

sTc 3

Res	=	14.5	cm

Synthetic
Valparaiso record
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Geothecnical
Data

Source: GEER Report

Height Crest Length
Distance to 
Epicenter

(m) (m) (Km)
Lliu Lliu Rockfill 20 530 340
Rapel  1968 Concrete arch 90 330 230
Colbun 1985 Earthfill 110 670 130

Pehuenche 1991 Earthfill 80 370 150
Cipreces 1955 Gravity pipes 175
Cioihueco Earthfill 20 500 180
El Toro 1973 Gravity pipes 540 120
Abanico 1952 Gravity pipes 150 195

Hueleheico 210
Pangue  1996 Concrete gravity 103 360 240
Ralco  2004 Concrete gravity 155 360 260

Dam
Construction 

year Type
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Talcahuano Talcahuano

Tsunami
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Tsunami
Data
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Talcahuano

Concepció
n

REGIÓN 
DEL BIOBIO

Coronel

Chiguayante

Cobquecura

EPICENTRO

Península 
Tumbes

Bahía 
Concepción

Bahía Coronel

Bahía
San Vicente

Bahía 
Concepción

T1

T2

T3

T4
T6

T5

T7
T8

T9

T11

T1
0

ID Run‐up (m) Inundation (m)
T1 5.2 ‐ 5.7 68.8 ‐ 81.0
T2 5.2 ‐ 8.0 159.0 ‐ 261.3
T3 6.6 340.3
T4 7.4 166.6
T5 4.6 ‐ 13.3 54.4 ‐ 136.8
T6 3.4 44.1
T7 6.1 50.9
T8 3.0 45.7
T9 2.9 67.6 ‐ 73
T10 1.9 20.0
T11 2.4 25.0

0 18 36 [km]

Tsunami
Port area

A137



LIFELINES AND CRITICAL 
INFRASTRUCTURE
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International
Teams

US Teams: EERI (LFE); ASCE 
(TCLEE); USGS (GEER)

EERI focus on: reinforced concrete,
masonry, and steel buildings; bridges;
healthcare facilities; non‐structural
building components; instrumentation;
social sciences/planning/policy/recovery;
and tsunami effects
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EERI Hospital
Reconnaissance Team

Talca Regional Public Hospital, Talca, Chile, March 19, 2010

Rick Bissell
Professor of Emergency Health Services, 
University of Maryland Baltimore County

Francisco de la Masa
Chile Ministerio de Salud
Santiago, Chile

Judith Mitrani‐Reiser
Assistant Prof of Civil Engineering, 
Johns Hopkins University

Bill Holmes
Structural Engineer, Rutherford & 
Chekene, San Francisco, CA

Thomas Kirsch
Associate Prof and Co‐Director of the 
Center for refugee and Disaster 
Response, Johns Hopkins University

Mike Mahoney
Senior Geophysicist  at FEMA,  
Washington, DC

Nicolas Santa Cruz Marin
Graduate Student of Civil Engineering, 
Pontificia Universidad Catolica, Chile
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Goals of Hospital Team

Assess physical damage:
• structural
• non‐structural
• utilities
• equipment

Identify vulnerabilities that can:
• threaten patients
• reduce the hospital’s functional capacity (ability to provide medical care)

Develop a protocol to collect detailed data measuring effectiveness and 
vulnerabilities of  a single region medical system

Assess the physical and medical similarity of Chilean Hospitals to the USA system
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Hospital Damage Overview

No hospital suffered a complete structural failure

Total number of hospitals in shaken region: 130

Of the 79 damaged hospitals:
• 4 uninhabitable
• 12 had greater than 75% loss of function
• 8 partially operating after main shock
• 62% needed repairs or replacement

Many had extensive loss of equipment

All lost power, external water supply, and communications

(Source: http://www.redsalud.gov.cl/noticias/noticias.php?id_n=761&show=3‐2010) 22 Mar 2010
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Findings
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Bio‐Bio Region

Hospitals studied in the Bio‐Bio Province:

• Los Angeles  Regional Hospital
• Hospital de Hupiel
• Hospital Laja
• Hospital Santa Barbara 
• Hospital Nacimiento
• Hospital Yumbel
• Hospital Mulchen
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Hospitals
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Functional Damage

Damage causing disruption and affecting patient safety:

• Loss of communication 
• Loss of power
• Loss of water
• Elevator outage
• Water damage
• Damage to bulk oxygen tanks
• Ceiling failures
• Nonstructural masonry damage
• Disruption to special services such as paper medical records, pharmacies, 

and laboratories
• Damage to medical equipment
• Damage to MEP equipment
• Damage to MEP distribution systems
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Hospital Functions Disrupted:
Patient Wards Evacuated

The need to evacuate patients is a significant failure because it:
• is extremely dangerous for patients
• takes staff away from serving externally injured
• creates demand for patient space, possibly off site

Mutual aid
• no patients were emergently transferred to other facilities (probably 

due to poor communications)
• patients were temporarily housed on site
• many were discharged to their homes
• in a few cases, patients were transferred later
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Elevator Damage

Significant failures; most due to derailed counterweights
In every building evacuated, elevators were inoperable, requiring patients to be 
carried down stairs or ramps
Elevator machine rooms and shafts are typically accessible only by elevator 
maintenance service or one person on site

Photo by MosquedaPhoto by Mosqueda
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Communication Systems

No plan for emergency communication in facility or between facilities, 
particularly to the centralized headquarters of the health system

• lead to isolated hospital ‘islands’ 

Over‐reliance on cell phones 

• widespread power outages

• towers were down for days

Most consistent issue 
identified by hospital 

administrators

Community cell phone charging (EVARISTO SA, AFP)
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Power Damage

All facilities lost outside power for various time periods (up to 3 days) 
All facilities have emergency generators and at least 3 days fuel supply.
However:

Photo by Mahoney

• Some generators did not automatically 
turn on and needed a manual start

• The generators were not always 
sufficient to power important medical 
equipment (e.g. radiology) or the 
entire facility
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Water Damage

Most hospitals had on‐site storage for 3 or more days of essential water (or wells)
• Unlike most hospitals in the USA
Water pressure from backup systems was often 
not sufficient for toilets and some medical
equipment and the HVAC
Some received priority water deliveries from 
municipal authorities
Other water‐related damage: damage to distilled 
water tanks, pipe failures and flooding

Photo by Mitrani
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Water storage tanks

Water storage tank at Concepcion. New tank under construction at 
Talcahuano—not quite in time

Photo by Holmes

Photo by Holmes Photo by Holmes
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Water Damage

Damage/disruption from water
• not frequent
• caused at least three 

buildings to be evacuated 
• shut down 3 of 6 ors in 

relatively new building

Photo by Holmes
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Water Damage

2005 building in Los Angeles 
Hospital: brick in‐fill wall collapsed 
onto a water tank holding roughly 
150 gallons of distilled water; 
water traveled through joints 
damaging hallway in front of 
surgical ward and shutting down 
50% of the ward.

Photo by Holmes
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Hospital Functions
Oxygen Systems

Some hospitals lost internal systems
Bulk oxygen storage tanks
• Standard of practice is to
anchor: no overturning reported.

• Tensile yield failure of
threaded fasteners.

• Punching shear failure of tank leg.

Photo by Holmes

Photo by HolmesPhoto by Holmes
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Non‐Structural Damage

Suspended lay‐in ceilings ‐ Generally without any seismic detailing. 
• Most consistent failure.
• Often causes little real damage but great fear and disruption
• Fallen light fixtures and air registers can be life safety issue
• Older ceilings drop dust and other debris (in the US, often 

asbestos)
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Non‐Structural Damage
Los Angeles Hospital: fallen light fixtures and mechanical registers, in 
addition to ceiling panels

Photo by Holmes
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Non‐Structural Damage
Retrofit: clips used to stabilize ceiling tiles at Talca Hospital (new building)

Photo by Holmes
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Non‐Structural Damage
Retrofit: packing tape used to keep dust out of ICU showed excellent 
seismic performance!

Photo by HolmesICU, Talca Hospital (older building‐evacuated)
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Non‐Structural Damage
Infill masonry/heavy partition damage

• Considered  “nonstructural” but, like ceilings, causes fear, creates dust 
and occasionally risk of injury.

Photo by Holmes

Cracked and spalled infill in patient room. Hospital 
Felix Bulnes (Santiago)
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Non‐Structural Damage
Apparently vulnerable areas like paper medical records, pharmacies, and 
laboratories

• Usually damaged only when building had other nonstructural damage

Medical Equipment
• Usually damaged only when building had other nonstructural damage
• Damage to radiological equipment recorded
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Non‐Structural Damage
Essentially unstable medical record storage—undamaged.  Nacimiento.

Photo by Mahoney
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Non‐Structural Damage
Still working on straightening out Talcahuano medical records after 3 weeks

Photo by Holmes
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Summary of Physical Damage:

Photo by Holmes

Nonstructural

Loss of power, water, and communication
Severe damage to suspended ceilings
Mechanical equipment damage resulted in loss of hot water affecting 
kitchen, laundry, and sterilization services
Medical equipment damage forced hospitals to sterilize off site, and 
disrupted diagnostic services
Water damage forced hospitals to shut down buildings, dialysis treatment, 
and had severe sterilization implications (e.g., surgical ward)
Stand‐alone shelving damage, resulting in disorganization of medical records 
for few days to several weeks
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Hospital Physical Damage Impact

Photo by Holmes

Damage from even very small details can shut down a hospital.
• Water damage from a small pipe break shut down operating rooms.

Securing both mechanical and medical equipment can be critical to 
maintaining hospital operations.
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Hospital Preparedness

Photo by Holmes

All hospitals had backup systems for water and electricity, although they 
were not always sufficient to provide services

• But none had backup for sewer
Communications systems need redundancy.

• Lead to complete isolation
• One used ambulance radios for local communications.
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Summary

Photo by Holmes

Hospitals do not have to collapse to be rendered inoperable

Functional losses are usually due to non‐structural damage

Communications systems are critical!

Redundancy is necessary for water, power, and sewage systems

Like Katrina‐ Hospitals must be prepared to be on their own for 2‐3 days in a 

major event
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Seismic Performance of 

San Fernando Earthquake 1971 (MW 6.6; 6:01am PST)  Olive View Medical Center

Photo by Karl Steinbrugge

US Healthcare Facilities
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San Fernando Earthquake 1971 (MW 6.6; 6:01am PST) Olive View Medical Center 

Photo by Eugene Shader

Seismic Performance of 
US Healthcare Facilities
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Northridge Earthquake 1994 (MW 6.7; 4:31am PST) Kaiser Permanente Building

Photo by Gary Edstrom

Seismic Performance of 
US Healthcare Facilities
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Seismic response of Ports
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Talcahuano
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• Saturated and loose sands
• Consequences: 

– Temporary loss of support and stiffness

TalcahuanoLirquén

݊ ݊
′

ݓ  
 

Liquefaction
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Pier East 
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spreading
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Drag of
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• Slanted piles are laterally very stiff

San Antonio Lirquén

Beam‐pile 
connection
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Damaged
(96m)

Non damaged
(264m)

27m

27m

Torsion
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Damaged
(96m)

Non damaged
(264m)

27m

96m

27m

27m

Torsion
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Lo Rojas Coronel SurJureles

Access
joints
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Schools in RESCATE ProjectState of public schools 
after the earthquake

K‐12 Public

• 51 schools
• Structural assessment and retrofit projects

Schools
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Preliminary

Damage Level in  RESCATE SchoolsRapid inspection and damage assessment

Schools
inspection

No damage/ repaired Light/moderate damage Severe damage/ collapse

A183



Structural damage by element

Sin Daños  Daño Leve Daño Medio  Daño Severo Colapso
Armaduras deformadas 
Armaduras cortadas 
Pérdida de hormigón 
entre armaduras

Fisuras menores a 2 
mm. No cruzan cabeza 
de compresión. 
Desprendimiento 
recubrimiento

Armaduras a la vista 
Fisuras menores a 5 
mm. Cruzan cabeza de 
compresión.

Muro Hormigón armado 
falla flexocompresión

Fisuras menores a 0,8 
mm

Fisuras menores a 0,2 
mm

Elementos Hormigón 
armado

Muro Hormigón armado 
Falla corte (Incluye 
columnas cortas)

Viga Hormigón armado 
falla corte (vigas de 
acoplamiento)

Viga Hormigón armado 
falla flexo‐compresión 
en el vano (vigas largas)

Viga Hormigón armado 
falla flexo‐compresión 
en los apoyos (vigas 
largas)

C l i ó

Columna Hormigón 
armado falla corte

Detailed inspection
Schools
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Nudos Hormigón armado  
alla tracción diagonal

Muro Albañilería 
confinada falla corte

Columna Hormigón 
armado falla compresión

Muro Albañilería simple 
falla corte

Muro Albañilería armada 
falla corte

Elemento Hormigón 
armado falla corrosión

Falla asentamiento

                                              

Structural damage by element

Detailed inspection
Schools
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Structural damage by element

Detailed inspection
Schools

A186



Structural elements Non Structural elements

Detailed inspection
Schools
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Ministry of Public Work

Decision making process

Network
Road
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Girder Damage Level

Bridge Damage Level
DL‐1  DL‐2  DL‐3  DL‐4 

DL‐1: No damage
DL‐2: Low damage that required minimum or no repair
DL‐3: Damage that required repair
DL‐4: Collapse 

DL‐1  DL‐2  DL‐3  DL‐4 

Damage Levels

infrastructure
Underpass damage
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Failure and solution process Llacolén Bridge, Bíobío Region

Public infrastructure
Road Network
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Failure and solution process Claro River bridge

Public‐private partnership model
Road Network
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February 2010 March 2010 August 2010

Sif platform
Road Network
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water
Potable
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system
Communication
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Power system
Electric
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BUILDING DATA

A196



Data
Collection process

days weeks months

Immediate 
damage 

Inspection

Detailed visual 
inspection of 

damaged buildings

Structural recovery 
or rehabilitation 

project

Tag Demolish/Repair

Stabilization 
processPrimary shoring
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Type of 
Inspection

Immediate damage 
Inspection

Detailed visual inspection 
of damaged buildings

Structural recovery or 
rehabilitation project

Stakeholder Community/owners/local 
government/constructors

Owners/constructors/local 
government

Owners/central government

Objective

Define basic security 
conditions of housing units: 
habitable/non-habitable/    
collapse risk

Analyze the current status of 
damaged buildings and decide 
repair or demolition

Feasibility study for repair or 
recovery of damaged 
buildings

What?
Global building 
situation/general building 
dagta/photographs

Buiding damage 
information/detalied building 
data (drawings, soil mechanic 
reports, etc.)

Detailed damage information 
by element/ laboratory tests

Who? NGO's/volunteers/students/    
professionals

Professionals/academics Professionals/academics

How?
Different damage inspection 
reports/non pre-established 
plan/ on site decisions

Inspection protocols for 
global damage survey/ 
internal strategies

Detailed survery of damged 
elements/ instrumental 
measaurements

Data
Collection process

A198



Type of information collected by local offices

Damaged zone

Missing stirrups
according to drawings

Horizontal steel 
mesh missing 
according to 
drawings

Damage inspection in Santiago
Local engineering offices
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Damage Inspection form

Immediate damage 
inspections

A200



Damage inspection form Damage register symbol

Damage inspections  
Engineering offices experience
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All Regions RM V VIII

Not selected
Selected w/o info
Selected

Region

N
um

be
r o

f b
ui

ld
in

gs

0
10

20
30

40
50

60

36
17 9 10

10

2
4 4

13

11

2

59

30

13 16

General Information 
1. Location   
2. Year of construction 
3. Number of stories 
4. Structural system 
5. Main occupancy 
Damage information 
1. Level of damage 
2. Damage report 
3. Photos  
4. Video   
Documents and professionals 
1. Documents   
 Soil mechanics 
 Structural drawings 
 Calculation report 
 Structural model 
 Architectural drawings 
 Construction documents 
2. Project Managers  
 Real Estate 
 Construction company 
 Engineering company 
 Architect   
  Structural reviewer 

Damaged building
inventory
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W1                               W2                                   W3                                  2010 EQ

RC Wall Test Force‐Deformation 
relationship

Damaged RC walls
Experimental and modeling
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EXAMPLE: CONCEPCION
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Concepcion buildings
location
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 Multi‐story damage

 Plan and height irregularities

 Sources of energy dissipation

 Orientation of buildings

 Structural detailing and constructive errors

Trends in 
observed behavior
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AA‐1 AH‐2 CM‐3 TL‐4

MD‐5 PR‐6 PP‐7 RT‐8

TO‐9 AR (before) AR (after) 

Orientation 
of buildings
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Main damage in the East‐West direction and in the shortest axis of the structure

N

Severe damage in building TL Severe damage in building AH

N

Orientation
of buildings
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Parcial collapse Principal collapse

East elevation of TO

Building
damage

A209



TO: Axis 1A

Moderate damageLight damage Severe damage

Damage level
representation

A210



AA: Story 2 AH: Story 1 CM: Story 2

Moderate damageLight damage Severe damage

Damage level
representation
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Irregularities in plan and height had an important role in the observed 
damage

• The most irregular buildings (AA and TO) are the most damaged ones.

Stories 9-11
Stories 12-15
Story 16
Stories 17-19
Story 20
Story 21

Stories 7, 8
Story 6
Story 5
Stories 3-4
Story 2
Story 1
Stories -1, -2

Collapsed story

Most damaged story

Stories 18-20
Story 17

Stories 6-14
Stories 1-5
Story -1

Stories 15-16

Schematic plan AA Schematic plan TO

Irregularities
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Irregularities
“Flag‐shaped” walls

Flag‐shaped wall

AA Building

AH Building
Flag‐shaped wall Damage detail

Stress concentration

A213



CM Chillán building

Abertura

Opening is formed in continuous 
wall on the upper stories

Opening is formed in 
continuous wall on the lower 

stories

AA AH CM

Common
Irregularities
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Beam supported in perpendicular wall

Movement direction

Coupling beam

Case A

Case B

PP PP

RT TO

Irregularities
Coupling beams in walls
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Detailing & brittleness

Thin walls with high axial load were unable to confine the concrete core

CMAH PdR

• Spalling of the concrete cover

• Buckling of longitudinal reinforcement

• Brittle collapse of the wall

F

δ

Ductile failure

Brittle failure
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Serious detailing and construction issues are observed in the inspected 
buildings (specially in Torre O’Higgins)

Reinforcement outside the confined 
area

Lack of stirrups Typical confinement detail

• Bad anchor between beam‐wall joints

• Cut stirrups and outside the confined area
• Absence of confinement in the wall boundaries

Structural & construction
detailing
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There is damage propagation between floors

CM building: propagation of damage between stories

1

D

B

13

A

3.2

O

3.1
1 3.2B 13

3.1 AD

Multistory
damage
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There is damage propagation between elements

CM: propagation of damage between elements

9

Compressive and 
flexural damage starts 

in an edge

14983

Damage 
propagates

Damage starts 
in the other 

edge

14983

Damage propagates as a 
shear failure in the middle 

wall

14983

14

F

3 8

Multistory
damage
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Damage propagation between stories and elements

PdR building: damage propagation

2824 3427 31

V

W

24 3428

Multistory
damage
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AHAA PP

Since 1985 the buildings have changed continuously:

• Less wall thickness, less wall densities, bigger axial loads and elimination of 
lintels

• An important source of energy dissipation is eliminated Modify R factors!

RdTPP

Non‐structural elements totally damaged Non‐structural elements intact

Energy dissipation
elements
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A design review was made (using chilean code NCh433) for the 4 most damaged buildings:

Strength
Utilization factor    =  FU  = Demand

Walls:

• Shear
• Axial‐flexural

Drifts y displacements:

• Drifts in CM < 2‰ 

• Maximum drifts < 1‰ drift CM 

Beams:

• Shear
• Positive Moment

• Negative Moment

1FU

Satisfactory design

25.11  FU

Slightly deficient
elements

5.125.1  FU

Moderately deficient
elements

5.1FU

Severely deficient
elements

Building design
review AA, CM, PdR, and TO

A222



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2 2.5 3

Pr
ob

ab
ili

da
d 

A
cu

m
ul

ad
a

FU para muros en corte

AA-1 CM-3 PR-6 TO-9

Walls in shear (~ 1000 elements per building)

Good design Deficient design

FU for walls in shear

Cu
m
ul
at
iv
e
pr
ob

ab
ili
ty

Building design
review
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Design review v/s observed damage:

Plaza del Río building: Damage in 1st storyPlaza del Río building: FU in 1st story

Moderate damage

Slight damage

Severe damage

Moderately deficient
design

Slightly deficient
design

Severely deficient
design

Design
review
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Plate
200x200x30mm

Plate
300x220x50mm

Plate
300x220x30mm

Parker  bolts 1”x6” (25mm 
diameter), quality G12.9UNC 
(2 bolts per element)

Plate
300x220x50mm

Parker  bolts 1”x6” (25mm 
diameter), quality G12.9UNC 
(2 bolts per element)

Tube Ø6 5/8”, 5mm width. 
Steel A37-24 or above

30 mm

500 mm

50 mm

30 mm

220 mm
Tube Ø6 5/8”, 5mm 
width. Steel A37-24 or
above

300 mm
43 mm

Stabilization process
EM Building
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Stabilization process
EM Building
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Stabilization process
TO Building
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Stabilization process
TO Building
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Repair, Stabilization and demolition of buildings

TO building: Temporary stabilization

Stabilization process
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EXAMPLE: PERFORMANCE 
OF SEISMICALLY 
PROTECTED BUILDINGS
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Military
Hospital
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Coronel’s
wharf
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sector 
2(CP22‐CP52) = 10

(CP22‐CP40) = 6

sector 
1

sector 
3

Longitudinal dampers
Transversal dampers

(CP40‐CP52 = 4)

sector 
A(CP12‐CP51 = 13)

sector 
B(CP15‐CP51 = 12)

Titanium tower
Hysteretic damping
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SOCIAL AND HUMAN 
IMPACT
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Sistemas de Protección Sísmicas  - Estructuras en Chile

Social behaviors
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Mental
health

Bedregal et al., 2013

Survey of socioeconomic characterization added a mental health 
module and conducted a survey shortly after 27F

PTSD in caregivers of 
preschool children
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Social
Vulnerability index
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Economic
Losses as %GDP
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LESSONS LEARNED
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Lessons
learned

What forms of data were collected after the earthquake?

Have any relationships between the different forms of data been explored?
• Building damage vs. soft soil conditions
• Types of building damage vs. focal distance
• Directivity and orientation in building response
• Loss of functionality vs. non‐structural components
• Tsunami effect vs. fault‐slip distribution
• Socio‐economic status vs. earthquake resilience 

Different data at different depths, from ground deformations and motion, 
tsunami effects, structural and non structural damage in structures, such as 
buildings, ports, schools, lifelines, etc., and social response
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Lessons
learned

What organizations were involved in collecting data and for what purpose?

What barriers are there to sharing data across different organizations?

Ministry’s, regional and communal governments, insurance, real‐estate, 
construction and design companies, researchers, communities, individuals

• Have possible personal and company liabilities 
• Take scientific and professional advantage of seismic records 

and ground motion data in general
• Risk company and professional reputation
• Lose competitiveness relative to competition (e.g., ports)
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Lessons
learned

How were the data collected?

Earthquake data is almost always collected by someone, so the problem is 
more that of sharing the data and making it available for research purposes

• Physical observations done by different agents on the physical 
environment: accelerometers, seismometers, GPS, InSAR, LiDAR, SASW, 
and DCPT

• Physical observations of the built environment: site visits and technical 
inspections

• Psycho‐social observations of agents and communities: surveys on 
people and communities

• Operational observations of the integrated system: changes in ONEMI 
and new seismic codes (and decrees)

What data were lost? 
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Lessons
learned

Lack of a standard instrument for inspections led to different assessments for 
the same structure

Lack of planning resulted in duplication of efforts

Large disparity in knowledge and technical criteria of the evaluators in building 
inspections

Private companies could not disclose data to the public

No consolidated information system, making it very difficult to share information 
among professionals and researchers

Very few institutions were prepared with protocols and equipment to go out to 
inspect a large number of structures
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Suggestions for
future development

Scope of the post‐earthquake inspection should be first clearly defined 
(emergency, operation recovery, or reconstruction)

Data should be 
• Available for decision makers, authorities, and relevant stakeholders
• Obtained by standardized procedures 
• Correct and unbiased for use in later research purposes to improve design  

standards and construction practices
• Obtained only once to avoid unnecessary duplications and trouble to 

people
• Mounted on a central platform that enables classifying and sharing it
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Suggestions for
future development

Define an “NDA” for data recollection and research purposes

Use communication technologies exhaustively in collecting data

Universities and research centers should develop and implement these protocols
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July, 2014

Chilean Post earthquake 
data collection 

workshop
Experience
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New Zealand Post Earthquake Damage Data Collection Experience 

Canterbury Earthquakes Sequence 
Building Damage, Data Collection, & Access 

Andrew King – GNS Science 
Peter Wood – NZSEE 
Mike Stannard – MBIE 
Stefano Pampanin – University of Canterbury 
John Hare – Holmes Consulting Group 
David Johnston – GNS Science 

 

10NCEE Special Session, Anchorage, Alaska 
The Canterbury Earthquake Sequence: Lessons for Response and Recovery  

 
July 23, 2014 
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New Zealand Post Earthquake Damage Data Collection Experience 

Introduction –  Andrew King GNS Science 
Topic 

Ø Scene setting – Regulation & Overview 
Ø Seismology & ground motions   
Ø Ground deformations   
Ø Building Safety Evaluations 
Ø Building Condition Evaluations 

Ø  Insurance and Losses 
Ø Socio-Economic Implications 
Ø Discussion  

Mike Stannard 
Andrew King 
Peter Wood 
Mike & Andrew 
John Hare & 
Stefano Pampinin 
Andrew King 
David Johnson 
Everyone 
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New Zealand Post Earthquake Damage Data Collection Experience 

Mike Stannard, Chief Engineer, MBIE 
 

 
 

Regulatory and Overview 
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New Zealand Post Earthquake Damage Data Collection Experience 

Pacific  
plate 

Australian 
 plate 

Auckland 

Wellington 

Christchurch 

40mm/yr 

38mm/yr 
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New Zealand Post Earthquake Damage Data Collection Experience 

Canterbury Earthquake Sequence  
4 Sept 2010, 22 Feb, 13 June, 23 Dec 2011 

Fatali&es	
  –	
  185	
  
Cost	
  –	
  Es(mates	
  up	
  to	
  $NZ40	
  billion	
  ≈	
  20%	
  GDP,	
  ($US35B)	
  
Insurance	
  –	
  one	
  of	
  biggest	
  insurance	
  claim	
  events	
  in	
  world,	
  	
  >	
  450k	
  
residen(al	
  claims	
  for	
  170k	
  houses	
  
Christchurch	
  CBD	
  –	
  1700	
  commercial	
  buildings	
  demolished	
  
Government	
  priority	
  –	
  rebuild	
  Christchurch,	
  implement	
  Canterbury	
  
Earthquakes	
  Royal	
  Commission	
  recommenda(ons.	
  
Events	
  –	
  >	
  14,000	
  shakes,	
  including	
  M7.2	
  Sep	
  2010,	
  M6.3	
  Feb	
  2011	
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New Zealand Post Earthquake Damage Data Collection Experience 7	
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New Zealand Post Earthquake Damage Data Collection Experience 

Liquefaction - Bexley 
5	
  

30,000	
  tonnes	
  ejecta	
  
removed	
  September	
  

300,000	
  tonnes	
  removed	
  
February	
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New Zealand Post Earthquake Damage Data Collection Experience 

Issues Response 

Existing regulatory framework – 
Building Act/Code not addressing 
disaster response or recovery 
 
- No legislative authorisation for 
building usability evaluation (safety) 
- Repair after earthquake unclear 

Legislation – Canterbury Earthquake 
Recovery Act 
Short term changes to Building Act (dangerous 
buildings to include earthquake hazard)    
- Proposed changes to Act to include rapid 
building usability assessment (tagging) 
- Issue guidance  

National Building 
Act and Building 
Code 
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New Zealand Post Earthquake Damage Data Collection Experience 

Issues Response 

Placards – damage evaluation, public 
perception buildings safe 

Develop DEE process for residual capacity 
assessment 

Seismic hazard changed as a result of 
earthquake 

Engineers and seismologists working 
together to consider building performance 
and short and long term hazard – raise 
hazard factor 35% 

Changed public perception of risk 
elsewhere 

Proposed amendment to earthquake-prone 
building legislation: 
- Balance cost and risk; 
- Different perceptions and preparedness to 
pay across NZ; 
- Affordability for rural towns, demolition; 
- Market/insurer drivers for strengthening. 

Clarity of objectives for building 
structural performance requirements 

Proposals for review of Building Code to 
introduce tolerable impacts for various limit 
states 
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New Zealand Post Earthquake Damage Data Collection Experience 

Motion Records Andrew King GNS Science 
Ø Purpose: Locate and quantify event signature (Mag, Depth, 

Rupture characteristics) for haz. evaluation & future 
seismicity projections; Evaluate within-event shaking 
characteristics 

Ø Collected using  
§  seismographs with backbone network (Sat-phone link)  
§  supplemented by rapid-response instruments 

(aftershock) Cell-phone link + on-site storage) 
Ø Collected by Geonet (GNS) also U of Canterbury; later by 

some overseas research teams 
Ø Data Stored & accessible via Geonet – Open Access 
Ø Missing: – detailed instrumental site conditions 
Ø  Improvements: greater network density; forward predictive 

capacity; liquefaction trigger conditions 
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New Zealand Post Earthquake Damage Data Collection Experience 
A258



New Zealand Post Earthquake Damage Data Collection Experience 

Source:	
  GNS	
  “50-­‐year”	
  Model	
  revised	
  following	
  recent	
  interna(onal	
  
expert	
  peer	
  review	
  and	
  using	
  all	
  data	
  up	
  to	
  Jan	
  25th,	
  2012.	
  

Revised	
  Forecast	
  for	
  Canterbury	
  region	
  	
  
(whole	
  of	
  Canterbury	
  plains)	
  star&ng	
  July	
  1st,	
  2012	
  

      EQ  
Magnitude 
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New Zealand Post Earthquake Damage Data Collection Experience 

Magnitude Canterbury 
starting May 28th 2012 

(high rates now declining 
rapidly)  

 

Wellington 
starting Dec 15th 2011  

(fairly stable numbers as no significant 
activity at present)  

 

5.0-5.4 75% 40% 

5.5-5.9 33% 13% 

6.0-6.4 10% 3.6% 

6.5-6.9 3% 1.0% 

7.0+ 1% 0.3% 

<3% 
for city 

1	
  year	
  hazard	
  forecast	
  for	
  Canterbury	
  region	
  	
  
currently	
  remains	
  above	
  Wellington	
  region	
  

Source:	
  GNS	
  “50-­‐year”	
  model	
  revised	
  following	
  recent	
  interna(onal	
  expert	
  
peer	
  review	
  and	
  using	
  all	
  data	
  up	
  to	
  Jan	
  25th,	
  2012.	
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New Zealand Post Earthquake Damage Data Collection Experience 

Rapid Impact Assessments Peter Wood NZSEE  
Ø  Intended use: Response & Recovery planning; Future use 

(liquefaction; landslide & boulder roll risk projections); 
Foundation and infrastructure design requirements 

Ø Collected using: Low-level Oblique imagery (NZDF, 
CDEM, GNS, Media), Satellite dInSAR, High Resolution 
vertical aerial imagery, LiDAR, Precise GPS and Precise 
levelling field survey of benchmarks 

Ø Collected by and for:  
§  MCDEM - Response and recovery planning 
§  EQC – Insurance claims settlement;  
§  Consultants - building and utility repair strategy;  
§  Universities  - liquefaction mapping;  
§  Researcher/Insurer - cause of damage 
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New Zealand Post Earthquake Damage Data Collection Experience 

Rapid Impact Assessments (2) 
Ø Data storage, retrieval, and sharing policies – variable – still 

difficult! Private and confidential issues 
Ø Clearing Houses (NEHRP model) –  

§  shared rapid impact assessments: both physical and virtual; 
§  The physical meetingscontinue, nearly four years after initiation. 

Ø Missing:  
§  Unique Building Identification; 
§  Pre-event High-resolution digital elevation model (DEM); 
§  Full appreciation of the relationships between ground, foundation, 

and structure. 

Ø  Improvements:  
§  Common and standardised ways of describing buildings, building 

elements, foundations, ground, and then - damage. 
§  Data management and sharing policies 
§  Interoperability 
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New Zealand Post Earthquake Damage Data Collection Experience 
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New Zealand Post Earthquake Damage Data Collection Experience 

Aerial photography - Liquefaction (NZAM) 
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New Zealand Post Earthquake Damage Data Collection Experience 

Cosmo SKYMed coherence 
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New Zealand Post Earthquake Damage Data Collection Experience 

Cosmo SKYMed (X-band SAR) 
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New Zealand Post Earthquake Damage Data Collection Experience 

Airborne LiDAR differencing 
(2003-2011) 

28-29 July 2011 
LiDAR data courtesy AAM (2003) and NZAM (2011) 
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New Zealand Post Earthquake Damage Data Collection Experience 

Vertical displacement (mm)  
modelled from GPS observations and 2003-2011 LiDAR 

Blue= up, Yellow/Red = down Source: J. Beavan, GNS Science 
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New Zealand Post Earthquake Damage Data Collection Experience 

LiDAR change 
detection 

Cathedral 

Collapsed spire 
and rubble New construction 

Partially Collapsed building 
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New Zealand Post Earthquake Damage Data Collection Experience 

Canterbury Geotechnical database 
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New Zealand Post Earthquake Damage Data Collection Experience 

Lateral displacement from LiDAR 

Image correlation processing by Sebastien Leprince, Caltech 
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New Zealand Post Earthquake Damage Data Collection Experience 
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New Zealand Post Earthquake Damage Data Collection Experience 

Building Safety Evaluation MS AK 
Ø Purpose: Emergency phase screening of buildings that 

pose a unacceptable risk to occupants, the public or 
neighbouring properties 

Ø Conducted using: Paper-based templates and 2009 
guidance handbooks (Level 1 and Level 2) (based on 
ATC-20) 

Ø Conducted for: Territorial Authority Building Control via the 
CDEM Controller – using co-opted Structural Engineers 
and Building Officials from around NZ. 

Ø Missing:  
§  Details of building history (prior to inspection) either as-

built or since last inspection. 
§  Adequate trained/qualified engineers to undertake 

evaluation (many problems with highly variable results) 
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New Zealand Post Earthquake Damage Data Collection Experience 

Building Safety Evaluation (2) 

Ø Data storage: manually transferred data from paper to 
electronic database 
§  procedure difficult and inaccurate particularly with 

multiple events requiring multiple inspections; didn’t 
translate to timely map production 

Ø Data retrieval: Council consider open – available on 
application as with building permit data; other 
departments are more restrictive (privacy issues!) 

Ø  Future improvements: 
§  New guidance notes and training in preparation for 

Building Usability, including replacing 
‘green’ (implies safe) placard with ‘white’ (implies 
inspected); 

§  Legislative tools to transition back from emergency. 
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New Zealand Post Earthquake Damage Data Collection Experience 
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New Zealand Post Earthquake Damage Data Collection Experience 

Building Damage Evaluation (JH SP) 
Ø Purpose: To ensure that significant damage to buildings is 

identified and understood - to inform building repair and to 
inform ongoing occupancy of building. 

Ø Conducted using: As-built plans and detailed on-site 
inspection (including invasive investigation if required)  

Ø Conducted for: Building owners under direction from 
Government (CERA) by Consulting engineers (structural, 
material and Geotech) 

Ø Missing: Detail as to: 
§  cause or location of damage 
§  basis upon which residual building capacity established 

Ø  Issues: Consistency of engineering evaluations,  no 
uniformity of damage state and criticality  
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New Zealand Post Earthquake Damage Data Collection Experience 

Standardised Report 
Form 

Ø Excel spreadsheet 
§  Most common platform for 

engineers 
Ø Used drop-down lists where 

thought possible and practical 
Ø  Limited free-field descriptions 
Ø  Included simple IEP capacity 

calculator – voluntary use 
Ø Next time: 

§  Add simple damage states 
§  Even more drop-downs 
§  Different platform? 
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Building Damage Evaluation (2) 
Ø Data storage: Electonic reports (pdf) and Detailed 

Engineering Evaluation (DEE) summary spreadsheets 
submitted to CERA; stored in CERA database until ‘approved’ 
by CERA then passed to Council Building Reports 

Ø Data retrieval: Council considers their building records open 
to public as with building permit data; other departments are 
more restrictive (privacy issues!) 

Ø  Future improvements: 
§  Pre-event assessment being undertaken as part of 

Earthquake Prone Building register evaluation 
§  Data retrieval to hand-held inspection tablet now possible 
§  Use of common fields for both inspection and loss 

projection 
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Towards a Combined Building 
Database 

70-44 2 5 5- Reinforced Masonry + 4  1920-1929 Red R2: Severe damage d  Hereford S 190 HEREFORD ST 31-60% Kenton Chambers
70-66 13 1- Concrete Frame 1970-1979 Green G: Green Level 1 AssHereford S 48 HEREFORD ST 2-10% Police HQ
70-7 3 1- Concrete Frame 1900-1909 Red R: Level 1 AssessmeHereford S 104 HEREFORD ST 31-60% Poppy Thai

Mar-11 70-92 7 1- Concrete Frame 1970-1979 Yellow Y1: Short term entry Hereford S 76 HEREFORD ST 2-10% VERO
70-92 7 1- Concrete Frame 1970-1979 Green G: Green Level 1 AssHereford S 76 HEREFORD ST 0-1% VERO HOUSE

Mar-11 70-96 6 1- Concrete Frame 1970-1979 Yellow Y2: No entry to parts    Hereford S 79 HEREFORD ST NULL Scorpio Books
70-18 2 4- RC Frame with Masonry 1970-1979 Green G: Green Level 1 AssHoratio 13 HORATIO ST NULL ADDINGTON MET

5 UC-5 70-108 3 1- Concrete Frame 1960-1969 Yellow Y: Yellow Level 1 AssKilmore St 100 KILMORE ST 2-10% CHCH Town Hall
5 70-108 3 1- Concrete Frame 1960-1969 Yellow Y: Yellow Level 1 AssKilmore St 100 KILMORE ST 2-10% CHCH TOWN HAL
5 70-108 3 7- Tilt-up Concrete 1960-1969 Yellow Y: Yellow Level 1 AssKilmore St 100 KILMORE ST 2-10% Christchurch Town 

70-114 MISSING Kilmore St 151 KILMORE ST
52 70-115 2 5- Reinforced Masonry 1940-1949 Green G2: Occupiable repai  Kilmore St 75 KILMORE ST 0-1% NULL

70-42 2 7- Tilt-up Concrete 1930-1939 Yellow Y: Yellow Level 1 AssKilmore St 187 KILMORE ST 11-30% LYNDUM APPART
70-46 2 4- RC Frame with Masonry 1890-1899 Yellow Y: Yellow Level 1 AssKilmore St 193 KILMORE ST 744863 RESIDE
70-48 3 1- Concrete Frame 1970-1979 Green G1: Occupiable no im    Kilmore St 195 KILMORE ST 31-60% NULL
70-55 2 4- RC Frame with Masonry 1960-1969 Green G2: Occupiable repai  Kilmore St 200 KILMORE ST NULL NZFS - Central Fire 

21 70-67 6 1- Concrete Frame 1970-1979 Yellow Y1: Short term entry Kilmore St 50 KILMORE ST 2-10% NULL
21 70-67 6 1- Concrete Frame 1970-1979 Yellow Y: Yellow Level 1 AssKilmore St 50 KILMORE ST 2-10% NULL

70-71 2 4- RC Frame with Masonry 1970-1979 Yellow Y2: No entry to parts    Kilmore St 57 KILMORE ST NULL Chamber of Comm
70-76 8 2- Concrete Shear Wall 1970-1979 Red R1: Significant damag    Latimer Sq 29 LATIMER SQRE 11-30% AMI
70-76 8 2- Concrete Shear Wall 1970-1979 Red R1: Significant damag    Latimer Sq 29 LATIMER SQRE 11-30% AMI HOUSE
70-12 3 1- Concrete Frame 1900-1909 Red R: Level 1 AssessmeLichfield 116 LICHFIELD ST 31-60% NULL
70-16 3 1- Concrete Frame 1910-1919 Yellow Y: Yellow Level 1 AssLichfield 125 LICHFIELD ST 31-60% NULL
70-23 3 4- RC Frame with Masonry     1920-1929 Yellow Y1: Short term entry Lichfield 145 LICHFIELD ST 11-30% NULL
70-50 2 7- Tilt-up Concrete 1960-1969 Green G: Green Level 1 AssLichfield 199 LICHFIELD ST NULL Photo Create
70-67 2 7- Tilt-up Concrete 1900-1909 Green G1: Occupiable no im    Lichfield 249 LICHFIELD ST 0-1% NULL
70-68 2 1- Concrete Frame & Rein  1920-1929 Yellow Y2: No entry to parts    Lichfield 26 LICHFIELD ST 11-30% NULL
70-3 5 4- RC Frame with Masonry 1970-1979 Red R: Level 1 AssessmeMadras St 1/291 MADRAS ST 31-60% NULL
70-35 2 2- Concrete Shear Wall 1950-1959 Green G: Green Level 1 AssMadras St 167 MADRAS ST 0-1% Hyde House
70-56 3 1- Concrete Frame 1960-1969 Yellow Y2: No entry to parts    Madras St 323 MADRAS ST 11-30% NULL
70-70 2 4- RC Frame with Masonry 1900-1909 Red R: Level 1 AssessmeMadras St 267 MADRAS ST None NULL

59 70-71 4 1- Concrete Frame 1960-1969 Red R: Level 1 AssessmeMadras St 271 MADRAS ST 61-99% NULL
70-75 2 4- RC Frame with Masonry 1950-1959 Red R3: At risk from adjac      Madras St 281 MADRAS ST 11-30% Community Law Ce

32 70-116 1 4- RC Frame with Masonry 1950-1959 Yellow Y: Yellow Level 1 AssMancheste  277 MANCHESTER ST 11-30% City Seafood Marke
31 70-117 MISSING Mancheste  311 MANCHESTER ST

70-41 8 1- Concrete Frame 1960-1969 Red R1: Significant damag    Mancheste  180A MANCHESTER ST 11-30% SBS House
70-41 8 2- Concrete Shear Wall 1960-1969 Yellow Y: Yellow Level 1 AssMancheste  180B MANCHESTER ST 2-10% Iconic Bar Manche  
70-54 2 4- RC Frame with Masonry 1940-1949 Green G: Green Level 1 AssMancheste  2/349 MANCHESTER ST 0-1% NULL
70-59 4 1- Concrete Frame 1960-1969 Green G: Green Level 1 AssMancheste  218R MANCHESTER ST 0-1% MANCHESTER ST  
70-59 4 1- Concrete Frame 1960-1969 Yellow Y: Yellow Level 1 AssMancheste  218R MANCHESTER ST 2-10% NULL
70-59 4 1- Concrete Frame 1960-1969 Yellow Y: Yellow Level 1 AssMancheste  218R MANCHESTER ST None Orien

33 70-73 2 4- RC Frame with Masonry 1930-1939 Yellow Y: Yellow Level 1 AssMancheste  273 MANCHESTER ST 11-30% YHA
70-75 2 4- RC Frame with Masonry 1970-1979 Yellow Y: Yellow Level 1 AssMancheste  63 MANCHESTER ST 0-1% NULL
70-2 6 4- RC Frame with Masonry 1960-1969 Green G2: Occupiable repai  Montreal S 1/248 MONTREAL ST 2-10% Cambridge Courts
70-43 2 4- RC Frame with Masonry 1950-1959 Green G: Green Level 1 AssMontreal S 187 MONTREAL ST 0-1% NULL
70-43 2 1- Concrete Frame 1950-1959 Green G: Green Level 1 AssMontreal S 187 MONTREAL ST None RICOH
70-45 2 4- RC Frame with Masonry 1960-1969 Green G1: Occupiable no im    Montreal S 190 MONTREAL ST 2-10% Cant. Ballet
70-47 2 4- RC Frame with Masonry 1970-1979 Green G: Green Level 1 AssMontreal S 193 MONTREAL ST None NULL
70-56 2 7- Tilt-up Concrete 1900-1909 Green G1: Occupiable no im    Montreal S 200 MONTREAL ST None Ogilvies

12 70-63 5 1- Concrete Frame 1960-1969 Yellow R1: Significant damag    Montreal S 376 MONTREAL ST 31-60% Strategy House
UC-2 70-74 2 1- Concrete Frame 1930-1939 Yellow Y: Yellow Level 1 AssMontreal S 279 MONTREAL ST 2-10% NULL

70-17 2 5- Reinforced Masonry Blo1960-1969 Green G: Green Level 1 AssMoorhouse125 MOORHOUSE AVE NULL Brokers Direct
70-32 2 1- Concrete Frame 1950-1959 Green G: Green Level 1 AssMortimer 16 MORTIMER PLCE 0-1% NULL
70-52 2 4- RC Frame with Masonry 1930-1939 Yellow Y: Yellow Level 1 AssNew Regen3 NEW REGENT ST 2-10% all premises on Ne    

71 70-118 6 4- RC Frame with Masonry 1990-1999 Yellow Y2: No entry to parts    Oxford Ter 250 OXFORD TER 11-30% Charles Luney Hou    
6 70-119 4 1- Concrete Frame Various Age       Yellow Y: Yellow Level 1 AssOxford Ter 208 OXFORD TER 2-10% Alan Mclean Buildin
6 70-119 4 4- RC Frame with Masonry Various Age       Yellow Y: Yellow Level 1 AssOxford Ter 208 OXFORD TER 31-60% Alan Mclean Buildin

Mar-11 70-26 6 1- Concrete Frame 1920-1929 Yellow Y1: Short term entry Oxford Ter 152 OXFORD TER 2-10% Public Trust
70-37 14 1- Concrete Frame 1970-1979 Yellow Y: Yellow Level 1 AssOxford Ter 170 OXFORD TER 2-10% Rydges Hotel

27 70-39 3 1- Concrete Frame 1930-1939 Red R: Level 1 AssessmeOxford Ter 176 OXFORD TER 11-30% Selvaggia Hair Co/  
70-57 3 4- RC Frame with Masonry 1970-1979 Red R: Level 1 AssessmeOxford Ter 202 OXFORD TER 11-30% Former Christchurc  
70-58 4 4- RC Frame with Masonry 1920-1929 Yellow Y: Yellow Level 1 AssOxford Ter 214 OXFORD TER 2-10% NULL
70-72 2 1- Concrete Frame 1970-1979 Green G: Green Level 1 AssOxford Ter 58 OXFORD TER None SOUTH POWER S
70-86 2 4- RC Frame with Masonry 1970-1979 Yellow Y2: No entry to parts    Oxford Ter 72 OXFORD TER 11-30% NULL
70-89 5 2- Concrete Shear Wall 1970-1979 Yellow Y1: Short term entry Oxford Ter 74 OXFORD TER 2-10% Pyschiatric Unit

19 70-120 Park Ter 62 PARK TER
56 70-121 2 9- Un-reinforced Masonry 1970-1979 Yellow Y: Yellow Level 1 AssPeterborou193 PETERBOROUGH ST 11-30% Shipleys Audiovisu
57 70-122 3 4- RC Frame with Masonry Various Age       Green Y: Yellow Level 1 AssPeterborou201 PETERBOROUGH ST 11-30% NULL
53 70-123 MISSING Peterborou73 PETERBOROUGH ST

70-4 2 2- Concrete Shear Wall 1970-1979 Green G: Green Level 1 AssPeterborou1/75 PETERBOROUGH ST 0-1% NULL
70-98 2 2- Concrete Shear Wall 1970-1979 Green G: Green Level 1 AssPeterborou8/75 PETERBOROUGH ST 0-1% Fuhrman NZ Ltd, H         

18 70-70 2 4- RC Frame with Masonry 1950-1959 Red NULL Salisbury S54 SALISBURY ST 61-99% Vaughan Antiques
70-33 2 1- Concrete Frame 1950-1959 Green G: Green Level 1 AssSouthwark 16 SOUTHWARK ST 0-1% Dogs Breakfast

62 70-124 2 4- RC Frame with Masonry NULL Green G: Green Level 1 AssSt Asaph 111 ST ASAPH ST 0-1% Flexi Lease
64 70-125 1 4- RC Frame with Masonry 1960-1969 Green G: Green Level 1 AssSt Asaph 131 ST ASAPH ST 0-1% Citroen Euromarqu

70-21 2 1- Concrete Frame 1960-1969 Green G1: Occupiable no im    St Asaph 142 ST ASAPH ST None Auto Sound & Secu
70-40 2 4- RC Frame with Masonry 1970-1979 Green G: Green Level 1 AssSt Asaph 18 ST ASAPH ST 0-1% NULL
70-63 2 5- Reinforced Masonry 1950-1959 Green G1: Occupiable no im    St Asaph 234 ST ASAPH ST 0-1% Triple  RRR Super  
70-65 2 4- RC Frame with Masonry 1960-1969 Green G: Green Level 1 AssSt Asaph 24 ST ASAPH ST 0-1% NULL
70-102 2 1- Concrete Frame 1960-1969 Green G: Green Level 1 AssTuam St 87 TUAM ST None SNOW AND SURF

11 70-126 5 1- Concrete Frame Various Age       Yellow Y1: Short term entry Tuam St 163 TUAM ST 11-30% Civic Office Buildin
11 70-126 5 1- Concrete Frame Various Age       Yellow Y: Yellow Level 1 AssTuam St 163 TUAM ST 2-10% Civic Office Buildin
61 70-127 2 1- Concrete Frame NULL Green G: Green Level 1 AssTuam St 96 TUAM ST 809444 COMERC

70-60 2 1- Concrete Frame 1900-1909 Yellow Y: Yellow Level 1 AssTuam St 219 TUAM ST 11-30% NULL
70-60 2 4- RC Frame with Masonry 1960-1969 Red R1: Significant damag    Tuam St 350 TUAM ST 11-30% FCX Taylors
70-60 2 4- RC Frame with Masonry 1960-1969 Green G2: Occupiable repai  Tuam St 350 TUAM ST 0-1% Radcliffes Electrica   

4 UC-4 70-107 4 4- RC Frame with Masonry 1940-1949 Yellow Y: Yellow Level 1 AssVictoria St A/91 VICTORIA ST 2-10% NULL
14 70-127 2 4- RC Frame with Masonry Various Age       Red R: Level 1 AssessmeVictoria St 102 VICTORIA ST None MORE FM
14 70-127 2 4- RC Frame with Masonry Various Age       Green G1: Occupiable no im    Victoria St 102 VICTORIA ST None NULL
14 70-127 2 4- RC Frame with Masonry Various Age       Green G: Green Level 1 AssVictoria St 102 VICTORIA ST 0-1% NULL
17 70-128 4 1- Concrete Frame NULL Yellow Y: Yellow Level 1 AssVictoria St 167 VICTORIA ST 31-60% Fidelity House
17 70-128 4 1- Concrete Frame NULL Yellow Y2: No entry to parts    Victoria St 167 VICTORIA ST NULL NULL

70-14 3 1- Concrete Frame 1970-1979 Green G2: Occupiable repai  Victoria St 122 VICTORIA ST 0-1% House of Travel
15 70-19 2 4- RC Frame with Masonry 1960-1969 Red R: Level 1 AssessmeVictoria St 131 VICTORIA ST 61-99% WARREN & MAHO
16 70-24 2 1- Concrete Frame 1960-1969 Green G1: Occupiable no im    Victoria St 145 VICTORIA ST 0-1% Kimberleys
16 70-24 2 1- Concrete Frame 1960-1969 Green G1: Occupiable no im    Victoria St 145 VICTORIA ST NULL Kimberleys

70-76 3 1- Concrete Frame 1970-1979 Yellow Y2: No entry to parts    Victoria St 63 VICTORIA ST 2-10% NULL
70-9 2 1- Concrete Frame 1970-1979 Green G1: Occupiable no im    Victoria St 109 VICTORIA ST 0-1% 109 Victoria Street
70-34 2 1- Concrete Frame 1960-1969 Green G1: Occupiable no im    Walker 16 WALKER ST 2-10% NULL
70-61 2 4- RC Frame with Masonry 1970-1979 Green G2: Occupiable repai  Walker 22 WALKER ST 11-30% NULL
70-62 3 7- Tilt-up Concrete 1960-1969 Green G1: Occupiable no im    Walker 36 WALKER ST None Mace Group
70-66 2 4- RC Frame with Masonry 1970-1979 Green G1: Occupiable no im    Walker 24 WALKER ST 11-30% NULL

66 70-77 2 4- RC Frame with Masonry 1960-1969 Green G1: Occupiable no im    Walker 29 WALKER ST 2-10% City Auto Service a    
70-97 2 4- RC Frame with Masonry 1960-1969 Green G: Green Level 1 AssWalker 8 WALKER ST None NULL
70-6 2 4- RC Frame with Masonry 1970-1979 Green G: Green Level 1 AssWelles 10 WELLES ST 0-1% Hop Yick Foods

47 70-103 5 4- RC Frame with Masonry 1930-1939 Green G: Green Level 1 AssWorcester 88 WORCESTER ST None NULL
11-Mar 70-15 6 2- Concrete Shear Wall 1970-1979 Red R3: At risk from adjac      Worcester 123 WORCESTER ST 2-10% Newman's Coachli
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Damaged buildings (22 Feb 2011) 
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Building Loss – Consequences (AK SP) 
Ø Purpose: determination of a settlement claim consistent 

with the specific insurance policy. 
Ø Collected using: Electronic tablet and data collection 

tools; paper forms. 
Ø Collected By: Insurance loss adjusters and their 

technical advisors 
Ø Data Storage: within each the respective private 

insurers, usually in electronic form 
Ø Data access policy: Privacy prevents any (or nearly any) 

disclosure; Special arrangements are required and 
possible in some cases where trust and security can be 
assured.  
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Residential assessments - EQC 
Ø Globaly unique EQC role in providing cover for land 

damage – EQC claims settlement not just about 
buildings but also the associated land; 

Ø Understanding land changes and likely future ground 
performance critical input to recovery – transparency of 
this information essential for international confidence and 
community engagement; 

Ø  Importance of geotechnical information for the recovery 
drove new approaches to information management and 
private-public sharing    
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Residential assessments – EQC 2 

The Canterbury Earthquake Sequence (CES) necessitated 
multiple recollection of all data (including aerial 
photography & LiDAR) after each significant event. 
Some complexities: 
Ø Overlapping interests in building safety and loss/damage 
evaluations, particularly for multi-unit dwellings; 
Ø The nature of the CES and the legislation generated 
multiple claims for the same dwelling – necessitated 
multiple assessments for a single building, over 750,000 
assessments undertaken by EQC in association with the 
CES. 
Loss information is currently being shared (under NDAs) 
with reinsurers, researchers, and loss modellers. 
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Building Loss – Consequences (2) 
Ø Missing:  

§  Description of damage (and in many cases of the 
building since the focus is on the remedy) 

§  Descriptions of the cause (shaking or deformation) 
Ø Data retrieval: possible (with ‘special arrangements’ but 

complicated (particularly for large claims with multiple 
insurance layers  

Ø  Future improvements:  
§  Access to loss data – by regulation if necessary. 
§  More consistent (standardised) insurance policies that 

appropriately assign risk. 
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Social Impact and Injuries (DJ)  
Ø Purpose: to gain an appreciation of the factors that 

influence social response and community resilience  
Ø Collected using:  Surveys, direct discussion and census 
Ø Collected for: Stats NZ, ACC; MSD; CERA; Councils, 

DHBs  
Ø Missing:  Community wellbeing, transient populations, 

linking meta-data 
Ø Data Storage:  within many organizations 
Ø Data Retrieval:  Stats NZ Portal, data sharing protocols 
Ø  Future Improvements:  date sharing protocols between 

agencies 
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Relative risk by gender and age 

  Christchurch Darfield   Christchurch 

  Population Total  

Injuries 

(n) 

Injuries 
per 
10,000 

Risk   Total 
injuries 

(n) 

Injuries 
per 
10,000 

Risk 

Gender 

Male 168,423 803 47.7 1.0   2525 149.9 1.0 

Female 180,012 1453 80.7 1.7   4646 258.1 1.7 
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Relative risk by gender and age 
  Christchurch Darfield   Christchurch 

  Population Total  
Injuries 

n 

Injuries  
per 10,000 

 

Relative 
risk 

  Total 
injuries 

n 

Injuries 
per 
10,000 

Relative 
risk 

Under 5  21,477 15 7 1   66 30.7 1 

5-9  21,396 12 5.6 0.8   41 19.2 0.6 

10-14  22,797 31 13.6 1.9   86 37.7 1.2 

15-19 25,875 62 24 3.4   241 93.1 3 

20-24 27,597 68 24.6 3.5   359 130.1 4.2 

25-29 22,506 81 36 5.2   371 164.8 5.4 

30-34 24,858 145 58.3 8.4   433 174.2 5.7 

35-39 26,310 224 85.1 12.2   636 241.7 7.9 

40-44 26,091 240 92 13.2   674 258.3 8.4 

45-49 25,008 304 121.6 17.4   784 313.5 10.2 

50-54 21,927 274 125 17.9   821 374.4 12.2 

55-59 20,313 197 97 13.9   644 317 10.3 

60-64 15,084 175 116 16.6   554 367.3 12 

65+ 47,196 428 90.7 13   1461 309.6 10.1 
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Darfield 

             n (%) 

  Christchurch 

               n (%) 

Primary Immediate 377 (16.7) 
  

3129 (43.6) 

Primary Action 1025 (45.4) 
  

1293 (18.0) 

Primary Unknown 50 (2.2) 
  

574 (8.0) 

Secondary (including clean-up) 499 (22.1) 
  

1881 (26.2) 

Aftershock Immediate 165 (7.3) 
  

172 (2.4) 

Aftershock Action 134 (5.9) 
  

103 (1.4) 

Aftershock Unknown 6 (0.3) 
  

19 (0.3) 

Context of injury 

A297



New Zealand Post Earthquake Damage Data Collection Experience 
A298



New Zealand Post Earthquake Damage Data Collection Experience 

Christchurch quake- first 24 hours 
Accident location and external cause of injury 

Total injuries  

n 

Male 

 n (%) 

Female 

n (%) 

Ratio  

F:M 

Accident Scene   
Home 3392 1002 (30%) 2390 (70%) 2.39 

Commercial/Service 
Location 

1549 444 (29%) 1105 (71%) 2.49 

Road/Street 399 143 (36%) 256 (64%) 1.79 
Industrial Place 228 112 (49%) 116 (51%) 1.03 
School 140 34 (24%) 106 (76%) 3.12 
Place of Recreation or Sport 80 21 (26%) 59 (74%) 2.81 

Place of Medical Treatment 45 8 (18%) 37 (82%) 4.63 

Other/Not Obtainable 826 268 (32%) 558 (68%) 2.08 
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Ø Gender differences were significant and causes are 
varied. Further work is need to explain them. 

Ø  In general, improved building codes, strengthening 
buildings and securing fittings will reduce future 
earthquake deaths and injuries. 

Ø However, the high rate of action injuries earthquake 
suggests that further education is needed to promote 
appropriate actions during and after earthquakes. 
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9. Suggest possible data collection 
protocols?  

Ø Seek consensus and standards for describing 
earthquake damage to ground and to buildings, to aid 
interoperability; 

Ø Clarify what data can be shared and what is restricted 
because of privacy and confidentiality reasons – support 
with relevant data structures; 

Ø Seek arrangements that encourage Collaboration 
versus Competition 
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Canterbury Earthquakes Sequence 
Building Damage, Data Collection, & Access 

Andrew King – GNS Science 
Peter Wood – NZSEE 
Mike Stannard – MBIE 
Stefano Pampanin – University of Canterbury 
John Hare – Holmes Consulting Group 
David Johnston – GNS Science 

 

10NCEE Special Session, Anchorage, Alaska 
The Canterbury Earthquake Sequence: Lessons for Response and Recovery  

 
July 23, 2014 
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Toshimi Kabeyasawa, University of Tokyo
Masaki Maeda, Tohoku University
Koichi Kusunoki, University of Tokyo
Toshikazu Kabeyasawa, National Institute for 

Land and Infrastructure Management 
Tomohisa Mukai, Building Research Institute 
Satoshi Tanaka, Tokoha University
Susumu Kono, Tokyo Institute of Technology

Japan session 
July 20, 15:30 – 17:00 

Post-Earthquake Data Collection Workshop 
 Anchorage, July 20-21, 2014 
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Presentations (70min) 
  Toshimi Kabeyasawa, AIJ disaster committee and damage survey 
  Masaki Maeda, Damage level evaluation and 3.11 Tohoku experience 
  Koichi Kusunoki, Non-structural damages, Survey organizations
  Toshikazu Kabeyasawa, Tsunami disaster 
  Tomohisa Mukai, Functional use of buildings 
  Satoshi Tanaka, Insurances and housing impacts
  Susumu Kono, Possible future improvement and discussions 
Discussions and questions (20min)

Post-Earthquake Data Collection Workshop 
 Anchorage, July 20-21, 2014 

Japan experience 
Focused on damages to reinforced buildings 
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1.  AIJ disaster committee and survey on damage to buildings  
2.  Collected and lost data on the damages to school buildings in 

Fukushima by the East-Japan Earthquake, Mar 11, 2011  

AIJ Disaster Committee and   
Post-Earthquake Organized Survey 

Toshimi Kabeyasawa 
壁壁谷谷澤澤	
 	
 寿寿海海	
 	
 

Earthquake Research Institute 
The University of Tokyo 

Post-Earthquake Data Collection Workshop 
 Anchorage, July 20-21, 2014 
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Headquarters 

Reconnaissance framework in Architectural Institute of Japan 

Information 
Command Post 

Disaster Committee

Research and Proposal 
Committee 

Recovery Aid 
Committee 

Steering committees 

Reinforced 
Concrete 
committee  

School Facilities 
committee 

1)  School buildings 
2)  Public halls →BRI 
3)  Houses →UR 
4)  Commercial bldgs 

→BCS, JSCA 

Seismic performance 
committee 

RC-WG 
S-WG 

 

Post-earthquake investigation and evaluation on 
school buildings in commission from MEXT 

780 school buildings were surveyed in detail:  400 RC, 200 S, 180 other educational facilities: e.g. 
46 requests and 9 severely damaged from 890 high-school buildings in Fukushima prefecture   
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Collected and lost data
Collected data: 
Damage evaluation: 780 damaged school buildings were inspected 
by AIJ, Damage levels were evaluated for above requested from 
local governments to AIJ through MEXT 
Recovery: The damage levels are to be used for recovery procedure 
Seismic evaluation: The seismic indices(Is) had been evaluated  for 
most of the old school buildings (before 1981) 
Retrofit: Some of the old buildings had been retrofitted 
Ground motions: Free field earthquake motions were recorded at 
2000 K-net stations in 20km mesh and 2000 others 
Lost data: 
Damage statistics: Inventory data including minor/no damages and 
complete damage rate statistics are insufficient 
Private Info Protection Law: Damage survey on private buildings 
became basically difficult after 2006  
Input motions to buildings: Inputs and responses were recorded at 
some buildings, but very few in cases with severe damages   
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Post-earthquake response to damages of buildings 

Major earthquake 

Caution Danger 

Damage rate 
evaluation 

Quick damage 
inspection Surveyed 

Normal functional in use 

Severe Collapse Minor No damage  
/ slight 

Moderate 

Rehabilitation Strengthening Repair New building 

Normal functional in use 

Temporary Use Limited Entry Off limit 

Temporary evacuation 
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Rehabilitation procedure for RC school buildings 

Damage Rate 
Evaluation Severe Collapse Minor No damage  

/ slight 
Moderate 

Rehabilitation Repair and/or 
Strengthening 

Demolish and  
New Building 

Normal functional in use 

Cost analysis 
CR: Estimated Cost for 

Repair and Strengthening 
CR0: Standard 

Rehabilitation Cost  

Rehabilitation Plan 
and Cost Estimation 

CR<CR0 
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Rehabilitation procedure for RC school buildings 

 Target performance for with moderate/minor damage  
    

 Seismic Index after rehabilitation shall be planned as: 
    IS(plan)=DIS+ΔIS ISO 

 IS(plan)=: Seismic Index for the planned structure   
 DIS: Residual Seismic Index for damaged structure  
ΔIS : Incremental Seismic Index with repair and strengthening 
 ISO : Seismic Index required for school ( 0.7 or 0.75)  

Is 
(T=1.0) 

Is 
(T=TE) 

Construction Pre-Earthquake Post-Earthquake Rehabilitation plan 

DIS (Residual) IS(plan) 

ISO 

Repair&Strengthening 

Major Repair 

Minor Repair 
ISO 
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ü  Tsunami 
ü  Nuclear Power Plant 
ü  Wide affected area  

due to high magnitude 

²  Difficulty in reconnaissance 
²  Delayed and long-term recovery 
 
 

3.11 2011 East Japan Earthquake  

A311



Observed strong motions in 2011 East Japan EQ 

1995 Kobe 
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Frequency components of far/near field motions  
(2011 East Japan/1995 Kobe) 

Medium-rise 
RC buildings 

1995 Kobe EQ(Takatori) 

1995 Kobe EQ 
     (Fukiai) 

(Shiogama)  

(Tsukidate)  

2011 East Japan EQ 
(Hitachi) 

Timber 
building
s 
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Pancake crush of a building in 
private college in Fukushima 
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Reconstruction on 2012.6.23 

In case of private schools, recovery is relatively fast, 
and demolish and reconstruction was completed until 
15 months after. 
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No. 4 Building of Public F-High School 
 ( F-cities, RC3, 1961-1963) 
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Reconstruction and temporary school building 
 ( April 23, 2014 ) 

The reconstruction is still under procedure after three years in 
case of this public high school, my old school in Fukushima. 
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県立高校RC全数
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Damage statistics for RC bldgs of public high-
schools in Fukushima 
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R-Isの関係（RC全数）

0

50

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

RC全数

Relations between seismic performance indices Is 
and residual seismic capacity R  

Severe 

Moderate 

Slight 

Minor 

Seismic performance index (Is)

Damage rates (R) in terms of residual capacity
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Report from Japan 
Damage level evaluation and 

3.11 Tohoku experience 

Masaki MAEDA 
Tohoku University 
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2014/7/20 Post-EQ Data WS 20 

Miyagi prefecture and 3.11 EQ	
	


Miyagi 
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Q1: What forms of data were collected 
after the earthquake? 
-  Seismic capacity evaluation 
-  Damage level and residual capacity 

Q5: How were the data collected? 
-  Manually with specific forms: damage 
-  Instruments: seismic motions 

2014/7/20 Post-EQ Data WS 21 
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Post-EQ inspection and rehabilitation	
	


Occurrence of EQ 
 
Quick inspection 

Conducted by local government 
Inspector = structural engineers & architects 

 
Damage evaluation and rehabilitation 

Conducted by owner 
Inspector = structural engineers, researchers 
 2014/7/20 Post-EQ Data WS 22 
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Quick inspection	
	

n Conducted by local government 

l Lecture and training in all the prefectures 
after 1995 Kobe EQ. 

l Over 100,000 inspectors in Japan, 2000 in 
Miyagi pref. 

2014/7/20 Post-EQ Data WS 23 
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Check sheet for quick inspection	
	

n Summary of the building 
ü Name, Address, Usage 
ü Structural type/system 
ü No. of story 
n Hazard on structure 
    (Rank A, B, C)  
ü Most severe damage to 

columns 
ü Ground, base and surroundings 
n Hazard on falling objects 
ü Window glass 
ü Exterior finishing board 
ü Signboard, etc 

2014/7/20 Post-EQ Data WS 24 
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Damage survey at Tohoku Univ. campus	
	


2014/7/20 Post-EQ Data WS 25 

6 20 57

0 20 40 60 80 100
棟数

危険

要注意

調査済み
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Post-EQ inspection and rehabilitation	
	


Occurrence of EQ 
 
Quick inspection 

Conducted by local government 
Inspector = structural engineers & architects 

 
Damage evaluation and rehabilitation 

Conducted by owner 
Inspector = structural engineers, researchers 
 2014/7/20 Post-EQ Data WS 26 
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2014/7/20 Post-EQ Data WS 27 

Post-EQ Damage Evaluation 

R – index (%)    Limit state 
Slight]   95 - 100 
Minor]   80 - 95 
Moderate]  60 - 80 
Severe]        - 60 
Collapse]      0 

Serviceability 

Reparability 
Safety 

n Japanese Guideline (JBDRA, 1990)  
l Residual seismic capacity, R, 

is evaluated by damage class 
(I, II, III, IV, V) of structural 
members
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Residual Seismic Capacity Ratio R 
           DIs    residual capacity 
  R =  
            Is    original capacity 

Is: seismic performance index in Seismic 
Evaluation Standard(1977) 

    Is = E0 ×SD ×T 
  E0 =C×F Basic Structural Index 

 C：Strength Index,  F：Ductility Index 
 SD Shape Factor (0.4-1.0), T Age Factor     (0.5-1.0) 

 2014/7/20 Post-EQ Data WS 28 

Basic concept of Damage level evaluation 
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2014/7/20 29 

Load Carrying Cap. vs. Damage Class 
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Damage Class 

Lateral Load 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 
Vertical Load 

Deflection 

Remaine
 

Lost 

Remaine
 

Lost 

   

Yielding of 
tensile rebars 

Cracking 
Buckling of rebars and 

falling of covering concrete 

Compression failure 
of concrete starts 

 

Post-EQ Data WS 
A331



2014/7/20 Post-EQ Data WS 30 

Damage class of structural member 

Damage Level Classification Standard (1991) 

 Damage Class  Observed Damage to Structural Members  
I Some cracks are found. 

Crack width is narrower than 0.2 mm.  

II Cracks of 0.2 - 1 mm wide are found.  

III Heavy cracks of 1 - 2 mm wide are found. Some spalling of 
concrete is observed.  

IV Many heavy cracks are found. Crack width is 2 mm or wider. 
Reinforcing bars are exposed due to spalling of covering 
concrete.  

V Buckling of reinforcement, crushing of concrete and vertical 
deformation of columns and/or shear walls are found. Side-
sway, subsidence of upper floors, and/or fracture of 
reinforcing bars are observed in some cases.  

A332



Damage survey for school buildings	
	


546 RC school bldgs. were 
investigated by AIJ 
reconnaissance team (over 
20 professors) 

2014/7/20 Post-EQ Data WS 31 

Main shock 3.11

Aftershock 4.7

Sendai 

Iwate 

Miyagi 

Fukushima 
40% 50% 60% 70% 80% 90% 100%

全体

第三年代

第二年代(補強済/補強不要）

第二年代（未補強）

第一年代（補強済/補強不要）

第一年代（未補強）-1971 (un-retrofitted)

-1971 (retrofitted)

72-81 (un-retrofitted)

72-81 (retrofitted)

1982- (current code)

total

none/slight minor moderate severe base
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Check sheet for damage level evaluation	
	


2014/7/20 Post-EQ Data WS 32 

 2.3   上部構造の耐震性能残存率率率 Rによる判定 
 ① 被害の最も激しい階と方向  1 階  方向：□短辺方向  □長辺方向 
 ② ゾーニングの要否：□不要（建物全体で判定する） 

□必要（ゾーニングした区画を平面図などで明示し、区画ごとに判定する） 
 ③ 構造部材の損傷度調査結果 ※（  ）内にそれぞれの柱本数や壁枚数を記入し合計を計算する。 

「両側柱付き壁」は、1 スパン分を 1 枚と数える。 

 せん断柱  曲げ柱  柱なし壁  
片側柱 
付き壁  

両側柱 
付き壁  合計  

総部材数 ( 25 ) + (   ) + (   ) + (  4 ) + (  2 ) = ( 31 )  
調査部材数 ( 25 )① + (   )② + (   )③ + (  4 )④ + (  2 )⑤ = ( 31 )  

 ①× 1 + ②× 1 + ③× 1 + ④× 2 + ⑤× 6 = ( 45 ) = Aorg 
損傷度０ ( 1 ) + (   ) + (   ) + (   )× 2 + ( 1 )× 6 = ( 7 ) = A0 
損傷度Ⅰ ( 3 )× 0.95 + (   )× 0.95 + (   )× 0.95 + (   )× 1.9 + ( )× 5.7 = (2.85 ) = A1 
損傷度Ⅱ (11 )× 0.6 + (   )× 0.75 + (   )× 0.6 + ( 2 )× 1.2 + (   )× 3.6 = (  9  ) = A2 
損傷度Ⅲ ( 4  )× 0.3 + (   )× 0.5 + (   )× 0.3 + ( 1 )× 0.6 + ( 1 )× 1.8 = ( 3.6 ) = A3 
損傷度Ⅳ ( 2 )× 0 + (   )× 0.1 + (   )× 0 + (   )× 0 + ( )× 0 = ( 0 ) = A4 
損傷度Ⅴ ( 4 )× 0 + (   )× 0 + (   )× 0 + ( 1 )× 0 + (   )× 0 = 0 = A5 

543210∑ +++++= AAAAAAAj =(  22.5  ) 

 ④ 耐震性能残存率 R 

)(100
)(
)(100 =×=×=

∑
org

j

A
A

R  

 上部構造の耐震性能残存率 Rによる被災度区分 
□無被害（R＝100） □軽微（95≦R＜100） □小破（80≦R＜95） 
□中破（60≦R＜80） □大破（R＜60）  □倒壊（崩壊・落階等によりほぼR≒0 とみなせる） 
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Pictures and comments	
	


2014/7/20 Post-EQ Data WS 33 
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Database of RC school buildings	
	


2014/7/20 Post-EQ Data WS 34 

調査者 被災度区

分判定地盤種別 基礎構造 上部

所属 氏名
または杭

長
被災度

沈下S

(m )

傾斜θ

(rad.)
被災度

耐震能残

存率Ｒ
Is

C T・SD

(q値)
Is

C T・SD

(q値)
階 方向 Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)
Is

C T・SD

(q値)

宮城1-1 愛宕中 宮城県仙台市太白区萩ヶ丘9-1 東京大 塩原 特別教室棟 ①-1 4月7日 4月22日 復旧(上部) 5月15日 RC 4 592 1967 Ⅴ強 Ⅴ弱 4/7 不明 無被害 小破 92 無
一部の柱や耐震壁に曲げひび割れやせん断ひび割れが生じているがその他の被害

は軽微
有 0.58 0.34 済 0.88 0.83 1 桁行 19.9 92 1 5 3 1 1 0.975 0.983 0.882 0.829 0.911 0.918 0.32 1.21 1.306 1.197 2.344 2.148

宮城1-2 愛宕中 宮城県仙台市太白区萩ヶ丘9-1 東京大 塩原 普通教室棟 ①-2 4月7日 4月22日 復旧(上部) 5月15日 RC 4 1,403 1973 Ⅴ強 Ⅴ弱 4/7 不明 無被害 小破 91 無
一部の柱や耐震壁に曲げひび割れやせん断ひび割れが生じ、境界梁端部に曲げひ

び割れが見られた。
有 0.41 0.42 済 0.72 0.72 1 桁行 15.1 91 11 3 1 0.718 0.72 0.791 0.793 0.804 0.806 0.96 0.963 0.953 0.956 1.118 1.121 1.486 1.49 2.462 2.468

宮城1-3 愛宕中 宮城県仙台市太白区萩ヶ丘9-1 東京大 塩原 普通・特別教室棟 ①-3 4月7日 4月22日 復旧(上部) 5月15日 RC 4 3,365 1983 Ⅴ強 Ⅴ弱 4/7 不明 無被害 小破 84 無 耐震壁に多数の軽微なせん断ひび割れ、柱にも軽微な曲げひび割れが生じている。 不要 不要 1 桁行 84 23 13 4 2 2 2 1

宮城2 宮城2-1 加茂小 宮城県仙台市泉区加茂4丁目3 東工大 山田 屋内運動場 ⑫ 4月7日 4月21日 復旧(上部) 5月15日 S 1 1,103 2008 4/7 不明 無被害 小破 無 不要 不要 1 桁行

宮城3-1 蒲町小 宮城県仙台市若林区蒲町41-1 東北大 前田 校舎西棟
①-1,2

4月7日 4月22日 復旧(基礎)or	
 改築 5月15日 RC 4 3,705 1981 杭基礎 N90E Ⅵ弱 Ⅵ弱 4/7 要注意 中破 0.24 0.0045 軽微 無
沈下が進行し、９月時点で最大沈下量36.6cm 、最大傾斜角1/120と被害が進行してい

る。また、杭の健全性試験（IT試験）では、杭頭から2m 程度の位置に異常があるとの

結果で、杭に損傷が生じていると考えられる。

有 0.402 0.402 済 0.711 0.336 基礎 － 不明

宮城3-2 蒲町小 宮城県仙台市若林区蒲町41-1 東北大 前田 校舎東棟
①-3～5

4月7日 4月22日 詳細調査 5月15日 RC 4 2,024 1982 杭基礎 N90E Ⅵ弱 Ⅵ弱 4/7 要注意 無被害 0 0 軽微 無
最大で13.5cm 沈下し1/200程度傾斜している。西棟とのExp.J部分の衝突によるカバー

やコンクリート片の落下があるが、その他に上部構造の躯体には大きな損傷は見られ

なかった。

有 0.652 0.652 済 0.713 0.374 基礎 － 不明

宮城4 宮城4-1 岩切中 宮城県仙台市宮城野区岩切字三所南23-2 東北大 植松 屋内運動場 ⑪ 4月7日 4月25日 復旧(上部) 5月15日 S 1 779 1974 Ⅵ強 Ⅵ強 4/7 不明 無被害 小破 無 有 済 1 両

宮城5 宮城5-1 桂小 宮城県仙台市泉区桂三丁目1-1 東工大 山田 屋内運動場 ⑤ 4月7日 4月21日 復旧(上部) 5月15日 S 1 1,050 1995 4/7 不明 無被害 小破 無 不要 不要 1 不明

宮城6 宮城6-1 原町小 宮城県仙台市宮城野区五輪二丁目12-76 東北大 植松 屋内運動場 ⑳ 4月7日 4月25日 復旧(上部) 5月15日 R 2 1,104 2005 4/7 不明 無被害 軽微 無 不要 不要 1 両

宮城7 宮城7-1 古城小 宮城県仙台市若林区古城二丁目1-1 東北大 五十子 屋内運動場 ② 4月7日 4月25日 復旧(上部) 5月15日 S 1 663 1978 Ⅵ弱 Ⅵ弱 4/7 不明 無被害 小破 無 有 済 1 両

宮城8-1 向陽台小 宮城県仙台市泉区向陽台五丁目6-12 京都大 河野(西脇) 校舎北棟 ①-1,2 4月7日 4月19日 復旧(上部) 5月15日 RC 3 1,788 1974～76 4/7 調査済 無被害 軽微 99 無 軽微なせん断ひび割れ。周辺地盤の沈下が見られる。 有 0.65 0.36 済 0.71 0.36 不明 不明 99.0 0.71 0.71 0.82 0.36 1.33 0.41 0.71 0.36

宮城8-2 向陽台小 宮城県仙台市泉区向陽台五丁目6-12 首都大 北山 校舎南棟A ④-1 4月7日 4月19日 復旧(上部) 5月15日 RC 3 1976 4/7 調査済 無被害 中破 80 無 耐震壁のせん断ひび割れ及び柱のひび割れが見られた。 無 0.58 0.58 済 0.72 0.72 1 桁行 80 7 6 2 0.72 0.72 0.72 0.73 1.11 0.88 1.21 1.22 1.37 1.22 2.18 2.2

宮城8-3 向陽台小 宮城県仙台市泉区向陽台五丁目6-12 首都大 北山 校舎南棟B ④-2 4月7日 4月19日 復旧(上部) 5月15日 RC 3 1,283 1976 4/7 調査済 無被害 軽微 96 無 耐震壁・梁のせん断ひび割れが見られた 無 0.7 0.5 済 1 桁行 96 5 17 1 0.7 0.5 0.7 0.5

宮城8-4 向陽台小 宮城県仙台市泉区向陽台五丁目6-12 首都大 北山 渡り廊下 ⑤ 4月7日 4月19日 復旧(上部)or	
 改築 5月15日 RC 2 72 1976 4/7 危険 無被害 大破 56 無
1階柱脚部短辺方向の曲げ圧壊が顕著にみられ，柱2本はカバーコンクリートが大きく

剥落し鉄筋が座屈している。また，柱頭の梁にはせん断破壊が生じているものもあ

る．

無 無 1 梁間 56 6 2

宮城9 宮城9-1 高砂中 宮城県仙台市宮城野区白鳥一丁目32-1 東北大 植松 屋内運動場 ⑱ 4月7日 4月25日 復旧(上部) 5月15日 S 1 1,086 1987 4/7 不明 無被害 大破 無 不要 不要 2 桁行

宮城10 宮城10-1 国見小 宮城県仙台市青葉区国見二丁目16-1 東工大 山田 屋内運動場 ② 4月7日 4月21日 復旧(上部) 5月15日 S 1 1,050 1997 4/7 不明 無被害 中破 無 不要 不要 1

宮城11 宮城11-1 根白石小 宮城県仙台市泉区根白石字杉下前15 東北大 植松 屋内運動場 ⑰ 4月7日 4月22日 復旧(上部) 5月15日 RS 2 789 1978 4/7 不明 無被害 小破 無 有 済 2 両

宮城12-1 根白石中 宮城県仙台市泉区根白石字東鹿野54 京都大 河野(西脇) 校舎 ⑰ 4月7日 4月19日 復旧(上部) 5月15日 RC 3 2,615 1978 N45S Ⅵ弱 4/7 不明 無被害 0.1 軽微 98 無
梁間方向に多少沈下し，床スラブの傾斜と梁間方向梁のせん断ひび割れが観察され

た．このような傾向は耐震改修前の最大沈下量74㎜から観察されており，被害程度が

大きくなったと思われる．

有 0.77 0.79 済 1 桁行 98 15 8 0.77 0.79 0.77 0.79

宮城12-2 根白石中 宮城県仙台市泉区根白石字東鹿野54 東北大 植松 屋内運動場 ⑲ 4月7日 4月22日 復旧(上部) 5月15日 S 2 1,226 1983 N45S Ⅵ弱 4/7 不明 無被害 小破 無 有 済

宮城13-1 三条中 宮城県仙台市青葉区三条町3-1 京都大 河野(西脇) 校舎A棟 ⑨-1,2,3 4月7日 4月20日 復旧(上部) 5月15日 RC 4 2,150 1967～71 4/7 不明 無被害 軽微 99 無 有 0.41 0.32 済 0.71 0.4 1 桁行 99 15 4 3 2 0.78 0.81 0.78 0.81 0.73 0.76 1.12 0.4 0.98 1.02 1.19 1.23 1.63 1.7 2.51 2.61

宮城13-1 三条中 宮城県仙台市青葉区三条町3-1 京都大 河野(西脇) 校舎B棟 ⑨-4,5 4月7日 4月20日 復旧(上部) 5月15日 RC 4 2,777 1980 4/7 不明 無被害 軽微 94 無
周辺地盤が多少沈下（最大30mm）しているが軽微である．構造躯体の損傷は，

軽微なひび割れが主である．また、４階の美術室にて火災が発生した
有 0.24 0.3 済 0.73 0.31 1 梁間 94 3 1 0.86 0.92 0.9 0.97 1.07 1.15 1.79 1.93 0.73 0.79 0.75 0.81 0.75 0.81 0.91 0.31

宮城13-2 三条中 宮城県仙台市青葉区三条町3-1 京都大 河野(西脇) 渡り廊下 4月7日 4月20日 復旧(上部) 5月15日 RC 2 84 1980 4/7 不明 無被害 軽微 95 無
周辺地盤が多少沈下（最大30mm）しているが軽微である．構造躯体の損傷は，

軽微なひび割れが主である．また、４階の美術室にて火災が発生した
無 無 0.88 1 桁行 95 3 1.45 0.88

宮城14 宮城14-1 四郎丸小 宮城県仙台市太白区四郎丸字吹上6-3 東北大 五十子 屋内運動場 ⑮ 4月7日 4月25日 復旧(上部) 5月15日 S 1 1,088 2001 Ⅴ強 Ⅴ弱 4/7 不明 無被害 小破 無 不要 不要 1

宮城15 宮城15-1 市名坂小 宮城県仙台市泉区市名坂字高玉1 東工大 山田 屋内運動場 ③ 4月7日 4月21日 復旧(上部) 5月15日 S 1 1,081 2004 4/7 不明 無被害 小破 無 不要 不要 1

宮城16 宮城16-1 寺岡小 宮城県仙台市泉区寺岡二丁目14-1 東工大 山田 屋内運動場 ② 4月7日 4月22日 復旧(上部)or	
 改築 5月15日 S 2 991 1986 4/7 不明 無被害 大破 無 不要 不要

宮城17 宮城17-1 鹿野小 宮城県仙台市太白区鹿野二丁目9-1 東北大 五十子 屋内運動場 ⑳ 4月7日 4月22日 復旧(上部) 5月15日 S 1 1,050 1994 Ⅴ強 Ⅴ弱 4/7 不明 無被害 小破 無 不要 不要 1

宮城18 宮城18-1 七郷小 宮城県仙台市若林区荒井字堀添53-2 東北大 植松 屋内運動場 ⑫ 4月7日 4月25日 復旧(上部) 5月15日 S 1 1,050 1998 Ⅵ弱 Ⅵ弱 4/7 不明 無被害 小破 無 不要 不要 1

宮城19-1 七郷中 宮城県仙台市若林区荒井字遠藤9-3 首都大 北山 普通・管理教室棟 ⑮-1,2,3 4月7日 4月20日 復旧(上部) 5月15日 RC 4 2,690
1972およ

び1975
Ⅵ弱 Ⅵ弱 4/7 不明 無被害 軽微 無

１階RC 柱でかぶりコンクリートが脱落し、主筋が露出。地盤変状が顕著であり、基礎被

害の有無の確認が望ましい。
有 0.43 0.33 済 0.73 0.43 不明 不明 不明 0.809 0.817 0.733 0.74 0.776 0.784 1.109 0.432 0.849 0.857 1.25 1.262 1.653 1.669 2.719 2.746

宮城19-2 七郷中 宮城県仙台市若林区荒井字遠藤9-3 首都大 北山 特別教室棟 ⑳-1 4月7日 4月20日 改築 5月15日 RC 3 729 1981 Ⅵ弱 Ⅵ弱 4/7 不明 大破 0.1 0.0113 軽微 無

柱に軽微な曲げひび割れ、耐震壁に損傷度Ⅱ程度のせん断ひび割れ。建物全体が

西へ5/1000～8/1000、南へ7/1000～8/1000傾斜。杭の掘削調査の結果によると、調

査した2か所の基礎の両方で、杭頭に多数のひび割れやコンクリートの圧縮破壊など

大きな損傷が認められ、基礎構造は大破していた。

無 0.73 0.34 不要 基礎 ― 不明 0.73 0.34 0.73 0.34

宮城19-3 七郷中 宮城県仙台市若林区荒井字遠藤9-3 首都大 北山 特別教室棟 28-1,2 4月7日 4月20日 復旧(基礎) 5月15日 RC 3 1,567 1996 Ⅵ弱 Ⅵ弱 4/7 不明 軽微 無被害 無
Exp.J脇基礎下に大きな斜めひび割れが発生し、そこから片持ちの基礎梁のコンクリー

トが脱落、鉄筋の座屈が見られた。
不要 不要 不明 0.7 0.7 0.83 0.86 0.76 0.71 0.75 1.31

宮城20 宮城20-1 七北田中 宮城県仙台市泉区七北田字東裏100 東北大 前田 校舎 ⑨-1～4 4月7日 4月18日 復旧(上部) 5月15日 RC 4 5,628 1973 N90E Ⅵ弱 4/7 危険 無被害 小破 84 無
非構造壁で大きなせん断ひび割れやせん断破壊、一部の梁にコンクリート剥落、耐震

壁等にせん断ひび割れ（損傷度Ⅱ～Ⅲ程度）。
有 0.38 0.4 済 0.7 1 桁行 84 0 0 0 0 0 0 2 9 2 1 0 0 0 5 3 1 1 0 0 3 11 0 0 0 8 5 2 1 0 0 0.74 0.76 0.72 0.74 0.73 0.75 0.98 1 0.74 0.76 0.76 0.78 0.72 0.74 0.93 0.96

宮城21 宮城21-1 若林小 宮城県仙台市若林区若林四丁目3-1 東北大 五十子 屋内運動場 ㉓ 4月7日 4月25日 復旧(上部) 5月15日 S　 1 1,050 1993 Ⅵ弱 Ⅵ弱 4/7 不明 無被害 小破 無 不要 不要 1

宮城22-1 将監小 宮城県仙台市泉区将監三丁目10-1 東北大 前田 北校舎　A棟 ①-2,3 4月7日 4月18日 復旧(上部) 5月15日 RC 3 2,606 1973 台地 N90E Ⅵ弱 4/7 危険 無被害 0 0 小破 81 無
枠付き鉄骨ブレースによる桁行方向の耐震補強が行われている。桁行方向柱なし壁

に多くの損傷が生じた。
有 0.335 0.429 済 0.723 0.741 1 桁行 25.83333333 81 3 1 14 1 3 3 6 1 2 3 4 3 4 0.723 0.741 0.752 0.771 0.735 0.753 1.033 1.059 0.878 0.9 1.437 1.473

宮城22-2 将監小 宮城県仙台市泉区将監三丁目10-1 東北大 前田 北校舎　B棟 ①-1,2 4月7日 4月18日 復旧(上部) 5月15日 RC 3 2,374 1973 直接基礎 台地 N90E Ⅵ弱 4/7 危険 無被害 0 0 小破 83 無 柱・梁の損傷は軽微、耐震壁および非構造RC 壁にせん断ひび割れ（損傷度Ⅱ程度） 有 0.32 0.409 済 0.713 0.73 1 桁行 22 83 1 13 10 1 4 7 6 1 1 1 1 2 3 4 0.713 0.73 0.711 0.728 0.723 0.741 1.013 1.037 0.923 0.945 1.242 0.487

宮城22-3 将監小 宮城県仙台市泉区将監三丁目10-1 東北大 前田 南校舎　西棟 ④-1,2 4月7日 4月18日 復旧(上部) 5月15日 RC 3
2,437（南

校舎全

体）

1976 台地 N90E Ⅵ弱 4/7 危険 無被害 0 0 小破 88 無
梁の損傷は軽微、一部柱にはせん断ひび割れ（損傷度Ⅱ程度）、耐震壁および非構

造RC 壁にせん断ひび割れ（損傷度Ⅱ程度）
有 済 1 桁行 88 2 7 2 4 9 1 1 3 3 2 2

宮城22-4 将監小 宮城県仙台市泉区将監三丁目10-1 東北大 前田 南校舎　東棟 ④-1,2 4月7日 4月18日 復旧(上部) 5月15日 RC 3

2,437（南

校舎全

体）

1976 台地 N90E Ⅵ弱 4/7 危険 無被害 0 0 小破 83 無
梁の損傷は軽微、一部柱にはせん断ひび割れ（損傷度Ⅱ程度）、耐震壁および非構

造RC 壁にせん断ひび割れ（損傷度Ⅱ程度）
有 済 1 桁行 83 0 5 7 8 4 2 5 3

宮城22-5 将監小 宮城県仙台市泉区将監三丁目10-1 東北大 植松 屋内運動場 ② 4月7日 4月22日 復旧(上部) 5月15日 S 2 848 1973 N00E 4/7 不明 無被害 0.09 小破 無 有 済 1 両

宮城23-1 将監西小 宮城県仙台市泉区将監十丁目29-1 東北大 西脇(前田) 校舎東棟
①-1（一

部）～3
4月7日 4月17日 復旧(上部)or	
 改築 5月15日 RC 4

4600（東

西合計）
1975 PC杭A種 平坦地 N90E Ⅵ弱 4/7 不明 無被害 小破 95 無

柱・梁・壁床など躯体コンクリートは経年劣化によると思われるひび割れが多数あり、地

震により拡幅。
有 0.55 0.5 済 0.7 0.5 1 桁行 95 0 0 0 0 0 0 8 11 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 0 0 6 0 0 0 0 0.7 0.5 0.7 0.5

宮城23-2 将監西小 宮城県仙台市泉区将監十丁目29-1 東北大 西脇(前田) 校舎西棟 ①-1 4月7日 4月17日 復旧(上部)or	
 改築 5月15日 RC 4
4600（東

西合計）
1975 PC杭A種 平坦地 N90E Ⅵ弱 4/7 不明 無被害 小破 91 無

柱・梁・壁床など躯体コンクリートは経年劣化によると思われるひび割れが多数あり、地

震により拡幅。
有 0.52 0.5 済 0.7 0.5 1 桁行 91 0 0 0 0 0 0 5 4 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 1 1 1 0 0 0 0.7 0.5 0.7 0.5

宮城23-3 将監西小 宮城県仙台市泉区将監十丁目29-1 東北大 植松 屋内運動場 ② 4月7日 4月22日 復旧(上部) 5月15日 S 2 781 1975 N00E 4/7 不明 無被害 中破 無 屋根面ブレースと鉛直ブレースの破断、柱脚のアンカーボルトの伸びが確認された。 有 0.14 0.45 済 0.76 1.71 1 桁行 0.76 1.71 0.76 1.71

宮城24-1 将監中央小 宮城県仙台市泉区将監十丁目3-1 東北大 前田 校舎	
 A棟 ①-1 4月7日 4月18日 復旧(上部) 5月15日 RC 4 3,966 1975 杭基礎 台地 N90E Ⅵ弱 4/7 不明 無被害 0 0 小破 87 無
耐震壁および非構造RC 壁にせん断ひび割れ（損傷度Ⅱ程度）が生じている。また、1F

女子トイレ垂れ壁にはせん断ひび割れ（損傷度Ⅳ）が生じている。全体としては損傷は

軽微。

有 0.575 0.591 済 0.768 0.788 1 桁行 87 3 1 4 3 2 8 9 1 1 5 4 1 1 0.768 0.788 0.806 0.627 0.76 0.78 1.451 1.489 0.78 0.801 0.785 0.806 0.985 1.012 1.76 1.807

宮城24-2 将監中央小 宮城県仙台市泉区将監十丁目3-1 東北大 前田 校舎	
 B棟 ①-2 4月7日 4月18日 復旧(上部) 5月15日 RC 4 988 1975 杭基礎 台地 N90E Ⅵ弱 4/7 不明 無被害 0 0 小破 83 無
柱・梁の損傷は軽微であるが、耐震壁および非構造RC 壁にせん断ひび割れ（損傷度

Ⅱ程度）が生じている。
有 0.377 0.386 済 0.78 0.799 1 桁行 83 2 6 1 4 1 5 1 1 0.78 0.799 0.77 0.788 0.882 0.903 1.295 1.326 0.725 0.742 0.738 0.755 1.055 1.079 1.793 1.835

宮城24-3 将監中央小 宮城県仙台市泉区将監十丁目3-1 東北大 前田 特別教室棟 ①-3 4月7日 4月18日 復旧(上部) 5月15日 RC 2 996 1975 杭基礎 台地 N00E Ⅵ弱 4/7 不明 無被害 0 0 軽微 96 無 柱・梁・壁など構造躯体の損傷は軽微である。 有 済 1 梁間 96 12 6 2 2 1

宮城24-4 将監中央小 宮城県仙台市泉区将監十丁目3-1 東北大 植松 屋内運動場 ② 4月7日 4月22日 復旧(上部) 5月15日 S 2 1,355 1975 N00E 4/7 不明 無被害 小破 無 有 済 2 両

宮城25 宮城25-1 将監中 宮城県仙台市泉区将監九丁目12-1 東北大 植松 屋内運動場 ③ 4月7日 4月22日 復旧(上部) 5月15日 S 2 1,324 1979 4/7 不明 無被害 小破 無 有 済 2 両

宮城26-1 西山中 宮城県仙台市宮城野区燕沢二丁目21-1 東北大 前田 管理・普通・特別教室棟 ① 4月7日 4月22日 復旧(上部) 5月15日 RC 4
6538(校舎

合計)
1986 杭基礎 平坦地 N45E Ⅵ強 Ⅵ強 4/7 危険 無被害 0 0 中破 75 無

周辺地盤が100m m 程度沈下。上部構造は2階の耐震壁にせん断ひび割れ（最大損傷

度Ⅴ）が生じている。
不要 不要 2 桁行 75 3 1 54 1 3 1 1 1 2 1 2

宮城26-2 西山中 宮城県仙台市宮城野区燕沢二丁目21-1 東北大 前田 管理・特別教室棟 ① 4月7日 4月22日 復旧(上部) 5月15日 RC 4
6538(校舎

合計)
1986 杭基礎 平坦地 N45S Ⅵ強 Ⅵ強 4/7 危険 無被害 0 0 小破 83 無 桁行方向の壁に損傷度Ⅱ程度のひび割れが生じた。 不要 不要 1 桁行 83 20 4 1 2

宮城27-1 西多賀小 宮城県仙台市太白区西多賀二丁目3-1 東北大 前田 校舎特別教室棟 ①-4 4月7日 4月16日 復旧(上部) 5月15日 RC 4 3,889 1985 杭基礎 平坦地 N30E Ⅴ強 Ⅴ弱 4/7 危険 無被害 0 0 中破 69 無
壁付き柱がせん断破壊（損傷度Ⅴ）、短柱2本にせん断ひび割れ（損傷度Ⅲ）。垂壁が

短スパンとなりせん断破壊（損傷度Ⅳ）。
不要 不要 2 桁行 69 0 21 7 3 0 8 9 1 3 1 2 1 1

宮城27 2 西多賀小 宮城県仙台市太白区西多賀二丁目3 1 東北大 前田 校舎普通教室棟 ① 1～3 4月7日 4月16日 復旧(上部) 不要 RC 3 1 819 1972 杭基礎 平坦地 N60S Ⅴ強 Ⅴ弱 4/7 不明 無被害 0 0 軽微 無 柱に軽微な被害が見られる程度であった 有 0 67 0 54 済 0 74 0 48 1 桁行 不明 0 74 0 48 0 74 0 48

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

	
 

0

４階

実施状況 実施状況

最小値
最大被害の

Ⅳ

両側柱付き壁

Ⅴ Ⅰ Ⅲ

診断結果（桁行き方向） 診断結果（張間方向）

１階 ２階 ３階 ４階 １階 ２階

宮城26

３階棟番号
理由

震度

桁行の

方位

本震

(3/11)
最大余震依頼書

棟名称

宮城1

宮城3

宮城19

宮城23

施設番号

宮城12

所在地学校名称

宮城24

宮城13

宮城22

判定結果 建設年階数
構造

種別

台帳

番号 延床面積

依頼・調査・判定書関連

判定書

発行
調査日

柱なし壁

Ⅲ Ⅳ Ⅱ

曲げ柱

Ⅱ

せん断柱

Ⅱ Ⅱ ⅤⅠⅣ ⅣⅤ 00 Ⅰ Ⅱ00 Ⅰ Ⅴ ⅢⅤⅢ Ⅳ ⅢⅠ

耐震性能

残存率

R[%]

柱型付き壁

宮城8

宮城27

最小値
コンクリート強

度σ

B(N/m m 2)

一般事項

基礎種別

津波被害

の有無
所見（または判定書の被害概要）

耐震診断 耐震補強

応急危険

度

In addition to quick inspection 
n  Summary of the building 
ü Const. year 
ü Ground, base, pile 
ü Seismic intensity 
n  Damage to structure 
ü Damage class for all 

structural members 
ü Settlement, inclination 

ü Residual capacity ratio R 
ü Damage level (slight – 

collapse) 
ü Damage by tsunami 
ü Comments 
n Seismic capacity 
ü  Is-indeces 
ü Strengthening & retrofit 
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Q6: What data were lost (not yet 
collected)? 
-  Damage to non-structural elements, impact 

to building function,  
-  Decision and procedure of rehabilitation 
-  Costs for repair and strengthening 

2014/7/20 Post-EQ Data WS 35 
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2014/7/20 Post-EQ Data WS 36 

Summary	
	

Data Collection in Miyagi pref. 
n Collected (approx. 500 school buildings) 

Configuration of structure, material … 
Seismic capacity (Is-index) 
Damage class of structural members, residual capacity R 
Photo … 

n Lost (or not yet collected) 
Damage to non-structural elements,  functionality, social 

impact … 
Decision making procedure for rehabilitation
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Reconstruction almost completed	
	


2014/7/20 Post-EQ Data WS 37 
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Report from Japan  
on Q2, Q3, and Q8�

KOICHI KUSUNOKI 

FROM EARTHQUAKE RESEARCH INSTITUTE, 

THE UNIVERSITY OF TOKYO�
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Q2:Have any relationships 
between the different forms 
of data been explored? �
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Data Collection of damages 
to non-structural elements�
u  Fortunately, the number of the severely damaged building 

due to Tohoku E.Q. is not so much. 

u  The damage to non-structural elements are focused, since 
it is also harmful to the people around them.�

Ceiling system�

Concrete 
block wall�
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Data Collection of damages 
to non-structural elements�

u  Non-structural damage of the buildings 
administrated by MEXT are investigated. 

u  In order to get fund for the repairmen, reports on 
the level of the non-structural damages including 
photos, written estimates, and the building 
identification number were submitted to MEXT. 

u  There is a database in MEXT on building 
information such as structural type, design year, 
constructed year, number of stories, and etc. 

u  We got permission to see the reports and 
database.�
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Q3:What organizations were 
involved in collecting data 
and for what purpose? �
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Post earthquake survey 
organizations in Japan (Q3)�

u  Governments and national research institutes 

u  Local governments 

u  To grasp the damage of the area 

Quick Inspection 
 To reduce additional damages due to aftershocks 
 To reduce the number of refugees from seismically  
     OK Buildings 
 To figure out what area and what type buildings 
     were damaged. 
 
Inspection is based on Visual Investigation.�
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Post earthquake survey 
organizations in Japan (Q3)�

u  Governments and national research institutes 

u  Ministry of Land, Infrastructure, and transportation 

u  To check the Building code and building administrations 

u  Building Research Institute(BRI) 

u  National Institute for Land and Infrastructure Management (NILIM)  

u  Ministry of Education, Culture, Sports, Science and technology 

u  From the scientific point of view 

u  National Research Institute for Earth Science and Disaster Prevention (NIED) 

u  Institutes and Laboratories of Universities 

u  Earthquake Research Institute, the University of Tokyo 

u  Disaster Prevention Research Institute, Kyoto University 
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Total 
 Collapse�

Partially 
 Collapse� Cabinet Office 
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u  K-Net by NIED 

u  Strong motion 
observation network. 

u  Open to everybody 

u  Data is available soon 
after the earthquake�
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Post earthquake survey 
organizations in Japan (Q3)�
u  Academic associations and branches 

u  To record the earthquake and damages 

u  Disaster Management Committee, AIJ 

u  Tohoku Branch of AIJ 

u  Japan Association of Earthquake Engineering 

u  Data Sharing between JAEE, JSCE, JGS, SSJ, and JSME 

u  Societies decided to control the field investigation under the name of 
societies 

u  Not to disturb the rescue activities and local government works 

u  Due to nuclear power plant accident�

u  Research institutes and associations of construction, design, 
insurance, real estate, homebuilding companies such as BCS/
JSCA, UR, 

u  To check their buildings�

A349



Q8:How are data stored after 
collection and what are 
access policies for this data? �
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The data list format to the 
AIJ report (Q8)�
u  The data of the damaged 

buildings were collected in 
a formatted list and shared 
within the research group. 
The data list is to be 
published as the 
appendices of the 
research report. 

Data list of AIJ report 
•  Building name 
•  Location 
•  Structural type 
•  Number of stories 
•  Damage to the structure 
•  Damage to the ground 
•  Year of construction 
•  Seismic intensity 
•  Quick inspection result 
•  Seismic screening result(If available) 
•  Damage classification result 
•  Residual seismic capacity ratio(If 

available) 
•  Tsunami damage 
•  Memo 
•  Etc. 
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National Institute of Land and Infrastructure Management 
Toshikazu Kabeyasawa
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Inundation depth of the building 
Onsite investigation of damaged building 

     (1) State   (Location, Damage)  
     (2) Dimension  (Plan, Height, Openings) 
     (3) Detail   (Member, Material) 
 

Collecting drawings of Public buildings 
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  Water mark of forward and backward of survived building 
  

Measure building and member dimension manually  
      (focused on small-scale buildings) 
 

Data usage permission for official purpose from local government 
 

Forward water height Backward water height

Inundation depth 
without building

TP
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Water traces disappears one month after earthquake by rain 
     Tsunami flow characteristic is affected by topography  
  

 Damage process or mechanism is not clarified 
     Effect of Buoyancy, Debris Impact or Damming 
 

Most of drawings and buildings are washed out

Beach Type

Valley TypeCliff Type

Overturning Mechanism

Tsunami Load

Pile Tension
Self weight

Buoyancy

Tsunami Flow Characteristic
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Difference of water height disappears in valley type tsunami  
     Minimum tsunami height for reconstruction decisions 
 

Investigation concentrates on severely damaged area 
    Survived buildings with direct foundation (effect of buoyancy) 

Water Mark

Broken Window 

Backward 
Water height

Flow velocity is 0

Valley Type Tsunami

η=15m 
(Valley Type) 

η=7m 
(Beach Type) 

Forward 
Water height 
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Prompt Investigation Database 
(BRI/NILIM Report)

Analysis of buildings based on drawings 
(BRI/NILIM Report)

A357



56 

Statistical Damage Survey
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Statistical Damage Survey
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Statistical Damage Survey
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BRI / NILIM 
  

Development of new design  
guideline of tsunami shelter 
(Damage survey of Building) 

IIS (University of Tokyo) 
  

Collaborate Study on Tsunami Load on building 
(Damage survey of Plain structures)

AIJ 
  

  3.11 Earthquake Damage Investigation Report 
     Revising recommendation for design load  

(Provision of Information) 

ASCE 
  

Revising  ASCE-07 Code (2016) 
(Joint survey & Information exchange ) 

Official study purpose is important for sharing data 

PARI 
  

Collaborate Study on Tsunami Load on building 
(Joint survey & Hydro dynamic test)
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Report from Japan 
 

Survey on the post-earthquake 
functional use of public buildings 

by BRI

Building	
  Research	
  Ins1tute,	
  Japan	
  
Tomohisa	
  MUKAI
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Background 
Damage	
  Examples	
  of	
  Government	
  Buildings

Even  damage  level  was  minor,  those  government  
buildings  had  no  functional  use  after  EQ.�

61 

A Tohok
u 1963 (NG) NG 5 Upper Severe

B Kanto 1961 No NG 6 Lower Minor
B’	
 1961 No 6 Lower Moderate
C

Kanto

1970 (NG) NG 6 Upper Severe
D 1968 (NG) NG 6 Upper Minor 
E 1967 (NG) NG 5 Upper Minor
F 1960 (NG) NG 6 Lower Severe
G

Kanto

1958 No NG 6 Upper Moderate
H 1966 No NG 6 Upper Moderate
I 1964 No NG 6 Upper Severe
J 1969 (OK) NG 6 Upper Moderate

No. Area Const.
Year

Seismic
Evaluation

Continuous 
Use

Seismic 
Intensity

Damage 
Level
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Objectives
Obtaining  and  analyzing  data  on  
situations  of  post-‐‑‒earthquake  functional  
use  for  public  buildings�

62 

Collect  data  on  
post-‐‑‒EQ  situation  �

Analyze  the  situations  on  
post-‐‑‒EQ  functional  use
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Collecting  post-‐‑‒EQ  data  �
-‐‑‒�  Factor  �nalysis  of  barriers  on  post-‐‑‒EQ  functionality�

�

①Collecting  data  of  post-‐‑‒EQ  situation  for  RC  
government  buildings,  RC  gymnasia,  RC  public  
housings  (Collected  Number  is  41  cases)：�
→drawings,  structural  documents,  information  
on  situation  of  post-‐‑‒EQ  continuous  use�
�

②Factor  Analysis  of  situations  on  post-‐‑‒EQ  
functionality：�
→Making  the  Flowchart  which  can  explain  the  
situation  of  post  EQ  continuous  use  for  damaged  
buildings  considering  the  collected  data�

 
A365



Flowchart  for  post-‐‑‒EQ  continuous  
use  of  damaged  buildings�

 

スタート

応急危険度
判定基準又はこれに
準ずる判断

要注意	
 or	
 危険

応急危険度判定
の項目・設備機器等の
状況に応じた判断

NG1

一見して危険

	
 	
 

	
 	
 	
 

OK2

NG2

（Ⅰ）

	
 

詳細調査の実施

実施

未実施

発災直後の判断

OK	
 （応急措置で対応可）

　

　

NG

調査済

詳細調査の実施

エンド エンド実施

未実施

OK1

Judgment on 
continuous use of 
damaged buildings in 
the aftermath of an 
earthquake (I) 
 
Immediate - A few days 
after EQ (Timing) 

Unsafe 

Limited Entry 

Inspected Judgement01	
  
Quick	
 Inspec>on

Judgement02	
  
Quick	
 Inspec>on	
  for	
  non-­‐
structural	
  components

Judgement03	
  
Need	
  for	
  Detail	
  Survey

start 

end end 

OK (Emergency repair) 

Necessary	
  

Judgement03	
  
Same	
  as	
  leE

Unnecessary	
  

Necessary	
  

Unnecessary	
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Flowchart  for  post  EQ  continuous  
use  of  damaged  buildings�

 

	
 	
 

被災度区分
判定基準又はこれに
準ずる判断

(1)	
 基礎構造 (2)	
 上部構造

被災度区分
判定基準又はこれに
準ずる判断

O K	
 （無被害	
 or	
 補修で対応可）

NG4

非構造部材・設備機器
の状況に応じた判断

OK3
NG5

NG

詳細調査

NG3

O K

（Ⅱ）

O K	
 （構造躯体の軽微な補修・応急復旧で対応可）

やや混乱の落ち着いた
時期の判断

	
 

OK

NG

継続使用性　あり

継続使用性　なし

NG
NG

エンド

Judgment on 
continuous use of 
damaged buildings in 
the time when 
growing out of the 
confusion ( ) 
 
A few weeks after EQ 
(Timing) 

Implementa>on	
  of	
  Detail	
  Survey	
  (damage	
  evalua>on)	
  by	
  experts

Foundation Upper Structure 

Judgement01	
  
Detail	
 Inspec>on

OK (No damage or emergency repair) 

Judgement02	
  
Detail	
 Inspec>on

      OK (minor repair is allowed)        

Judgement03	
  
Detail	
 Inspec>on	
  for	
  non-­‐
structural	
  components

end 

   

Continuous usable state 

Continuous unusable state 
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Conclusions �
�

①Objectives・Methodology  of  data  collection：�
In  order  to  understand  the  post-‐‑‒EQ  functional  
use  for  government  buildings  and  evacuation  
facilities，hearing  surveys  were  done  by  �RI.�
�

②  Analysis  Result  of  collecting  data：�
We  showed  the  flow-‐‑‒chart  which  explain  how  the  
administrators  took  actions  and  make  decisions  
on  post-‐‑‒EQ  functional  use  for  damaged  publlic  
buildings.�
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�ppendices��
�

�nswers  to  �en-‐‑‒san�s  �  �uestions�
In  the  case  of  BRI�
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Question���
 What forms of data were collected after the earthquake? 
 Data of interest to this workshop include building performance (physical damage), 
business interruptions, housing impacts, and post-earthquake decisions (repair vs 
demolish).  We are interested in data at both the detailed building level as well as at the 
broader community level. What data were used to assess building residual capacity and 
how were these data used in reconstruction decisions? What should be implemented in 
data collection protocols to make the assessment of residual capacity more reliable? �

 

Answer01; 
BRI collected the data on post-earthquake  
functional use for public buildings   
to analyze the barrier of post-EQ functional use  
for public buildings.
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Question���
Have any relationships between the different forms of data 
been explored?  For example, what is the relationship between the physical 
damage and business interruption?  Are there other factors influencing the socio-
economic impacts, suggesting other forms of data that should be collected? �

 

Answer02; 
No relevant items.
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Question���
What organizations were involved in collecting data and for 
what purpose?  Such organizations may include city government, insurance 
companies, university researchers, etc.  Although the goal of data collection may be 
different for each organization, the data may be similar and synergistic efforts should be 
identified. �

 

Answer03 (same as A01); 
BRI collected the data on post-earthquake  
functional use for public buildings  
to analyze the barrier of post-EQ functional use  
for public buildings.

A372



Question���
What barriers are there to sharing data across different 
organizations?  What experience do you have in finding ways to share data 
across government and non-government entities? �

 

Answer04; 
Regarding public buildings, sharing data depends 
on the objectives. Basically we need permission to 
the administrator of public buildings in advance.
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Question���
How were the data collected? Were any advanced technologies used to 
collect data or were all data collected manually? What training was provided for data 
surveyors?�

 

Answer05; 
BRI collected all the data manually.
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Question���
What data were lost? Were there specific data that were not collected, or not 
collected in a coordinated manner, such that the data may not be available for future 
research studies?�

 

Answer06; 
Not at all.
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Question���
Lessons from the data collection process.  What aspects of the data 
collection process seemed to work well?  What could be improved upon? �

 

Answer07; 
First of all, intimate personal and organizational 
relationships seems to be effective to collect the 
data after earthquake. Secondary, the system to 
judge the post-EQ functional use before earthquake 
occurs may enable us to collect the detail data of 
buildings.
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Question���
How are data stored after collection and what are access 
policies for this data?�

 

Answer08; 
The data of the damaged buildings were collected in 
a formatted list and shared within the BRI. 
Items in the formatted list: 
1.Surveyed building information (usage, structural type, foundation 
system, geological formation) 
2.Damage information (measured seismic intensity(JMA), information on 
judgments for post-EQ continuous use of the damaged building and on 
the components which became barrier for post-EQ continuous use, 
repair method & process, classification of building’s importance after 
EQ) 
3.Relevant data (structural documents, drawings, damage survey 
reports)
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Question���
Suggestions for the development of consensus-based data 
collection protocols? One of the primary goals of the workshop is the initial 
development of consensus-based data collection protocols for application after future 
earthquakes around the world.  What experiences from the events in your country could 
inform the development of these data collection protocols?

 

Answer09; 
After big earthquake occurs, it is very difficult to 
collect he data immediately. The system to collect 
the building’s data is needed before occurrence of 
earthquake.  
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Post Earthquake Date Collection 
by Local Government

Satoshi TANAKA 
 

Tokoha University 
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Summary of the Inspection
•  Local Gov. officials inspect the building 

damage 
•  Most of the victim support programs require 

the result of this inspection 
•  It covers all the disaster areas 
•  Collect the building damage data for both 

structural and non-structural components 
•  All the buildings (Wood, RC, and Steel) for all 

hazards (Earthquake, Flood, and Wind) 
•  Evaluate the damage from economical view 

point
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What forms of data were 
collected after the earthquake?

125,509

72,968

184,151

766,748

(As of 2012.3.8)

Damage Assessment by Local Government
Damage ratio =  
Economic Damage /Entire Value

Operational Guideline for Damage Assessment of Residential Houses in Disaster (Cabinet Office)
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Tsunami Earthquake

Primary inspection is carried out by the visual inspection of the exterior

Exterior Wall

Foundation Roof

Untrained local government officials (not engineers) inspect and collect the data. 
Visual inspection of the exterior and interior of building with check sheets. 
Data is recorded on papers and stored them at the local government. 
Access to the original data is very limited though the summary of the data is in GIS  
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　　M ain	
 floor O ther	
 floor Total

Floor 1.0

Roof 1.0

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 0 1 1 1 0 0 0 1 1 1
Rank	
 II	
 0 1 1 2 2 3 Total×(1) 0 1 1 2 2 3 Total×(2)

Rank	
 III 1 1 2 3 4 5 1 1 2 3 4 5
Rank	
 IV 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 V 1 2 4 6 8 10 1 2 4 6 8 10

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 1 1 1 2 0 0 1 1 1 2
Rank	
 II	
 0 1 2 2 3 4 Total×(1) 0 1 2 2 3 4 Total×(2)

Rank	
 III 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 IV 1 2 5 7 9 11 1 2 5 7 9 11
Rank	
 V 2 3 6 9 12 15 2 3 6 9 12 15

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 0 1 1 1 0 0 0 1 1 1
Rank	
 II	
 0 1 1 2 2 3 Total×(1) 0 1 1 2 2 3 Total×(2)

Rank	
 III 1 1 2 3 4 5 1 1 2 3 4 5
Rank	
 IV 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 V 1 2 4 6 8 10 1 2 4 6 8 10

Num ber(area)ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 1 1 1 2 0 0 1 1 1 2
Rank	
 II	
 0 1 2 2 3 4 Total×(1) 0 1 2 2 3 4 Total×(2)

Rank	
 III 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 IV 1 2 5 7 9 11 1 2 5 7 9 11
Rank	
 V 2 3 6 9 12 15 2 3 6 9 12 15

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 1 1 1 2 0 0 1 1 1 2
Rank	
 II	
 0 1 2 2 3 4 Total×(3) 0 1 2 2 3 4 Total×(4)

Rank	
 III 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 IV 1 2 5 7 9 11 1 2 5 7 9 11
Rank	
 V 2 3 6 9 12 15 2 3 6 9 12 15

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 0 0 0 1 0 0 0 0 0 1
Rank	
 II	
 0 0 1 1 1 1 Total×(1) 0 0 1 1 1 1 Total×(2)

Rank	
 III 0 1 1 2 2 3 0 1 1 2 2 3
Rank	
 IV 0 1 2 2 3 4 0 1 2 2 3 4
Rank	
 V 1 1 2 3 4 5 1 1 2 3 4 5

Rate	
 of	
 sheet	
 num ber ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0 0 0 0 0 0 0
Rank	
 I 0 0 0 1 1 1 0 0 0 1 1 1
Rank	
 II	
 0 1 1 2 2 3 Total×(1) 0 1 1 2 2 3 Total×(2)

Rank	
 III 1 1 2 3 4 5 1 1 2 3 4 5
Rank	
 IV 1 2 3 5 6 8 1 2 3 5 6 8
Rank	
 V 1 2 4 6 8 10 1 2 4 6 8 10

Floor

Bathroom

(3%	
 or	
 less)

M ain

floor,

other

	
 floor

M ain

floor

Kitchen

(3%	
 or	
 less)

M ain

floor,

other

floor

O ther

floor

Rank	
 II	
 

Rank	
 I

Rank	
 II	
 

Rank	
 III

Rank	
 IV

Rate	
 of	
 sheet	
 num ber

8

Rank	
 IV

Rank	
 I

Rank	
 III

Num ber(area)ratio

Rank	
 I

Rank	
 I

Rank	
 III

No	
 dam age

Rank	
 V

Floor·area	
 ratio

No	
 dam age

Floor·area	
 ratio

Rank	
 V

Rank	
 IV

Rank	
 II	
 

Rank	
 I

Main  floor Other  floor

No	
 dam age

No	
 dam age

Rank	
 I

Rank	
 II	
 

Rank	
 III

Floor·area	
 ratio

Rank	
 IV

Rank	
 V

Floor·∙area
ratio

15

Interior  fixtures
 　10％

10

Interior  wall
15％

Rank	
 V

Floor·area	
 ratio

Rank	
 II	
 

Rank	
 III

Other

(plumbing

not

covered

by items

at left,

porch, etc.

4% or

less)

11

Floor  (includes
stairs)

D am age	
 status

1 % Piping misalignment, etc.

2% Cracks in bath tub

3% Cannot be repai red

14

Ceiling
 　５

％

13

Roof
 　15％

16

Facilities
 　10％

No	
 dam age

Rank	
 IV

Main	
 floor,other	
 floor

R ank	
 V

Rank	
 V

No	
 dam age

Rank	
 I

1 % Piping misalignment, etc.

2% Extensive damage but can be repaired

3% Cannot be repaired

Rank	
 II	
 

9

Exterior  wall
10％

12

C
olum

n  (or  bearing  w
all)

20%

Rank	
 III

Rank	
 II	
 

Rank	
 IV

Rank	
 III

Rank	
 IV

Total％Dam age	
 status

Rank	
 V

Floor·area	
 ratio

No	
 dam age

(1) (2)

(3) (4)

B

B

B

C

C

C

C

C

C

C

C

B

B

B

B

B

漀瀀

Inspection 
sheet no.

Secondary inspection is the visual inspection of both exterior and interior

Evaluate the rank and extent of damage of each building component. 
Record damaged parts on building floor plan

Floor·area	
 ratio ～10％ ～20％ ～40％ ～60％ ～80％ ～100％ Total
No	
 dam age 0 0 0 0 0 0
Rank	
 I 0 0 0 1 1 1
Rank	
 II	
 0 1 1 2 2 3 Total×(1)

Rank	
 III 1 1 2 3 4 5
Rank	
 IV 1 2 3 5 6 8
Rank	
 V 1 2 4 6 8 10

9

Exterior  wall
10％

B

Inspection form Floor plan with results of damage inspection noted
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Damage Rank of Column for wooden house
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Damage Rank of Columns for Steel and RC
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Damage Rank of Non-Structural Components
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Totally 
destroyed

Mostly 
destroyed

Half 
destroyed

Minor 
damage

50 

40 

20 

0 

% Tem
p. housing / Private supports

A
ct on Support for R

econstructing  
L

ivelihoods of D
isaster V

ictim
s

1.  Act on Support for Reconstructing 
Livelihoods of Disaster Victims

2. Donation Money by many organizations 

3. Tax exemption 

4. Low interest loan 

5. Tuition exemption 

A victim whose house was totally 
destroyed will receive about $50,000 by 1 
and 2 support programs. 

6. Temporary housing  

reparable

NOT 
reparable

Have any relationships between the 
different forms of data been explored? 
Victim support programs are applied based on the inspection result

Speed and fairness are 
essential to the inspection 

Ex. 3.11 Tohoku EQ, Miyagi Pref. case
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Post-earthquake decisions  
(demolish or repair)

•  Inspection result does not relate to the 
residual capacity 

•  Cost (repair vs new construction) is the 
key factor to the decision 

•  Supporting programs 
– Demolishing cost 
– Reconstruction cost (ex. $20000 + ) 

•  Changes in Family structure 
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Issues need to concern for data 
collection

•  Since the inspectors are not well trained, 
they could record the damage but could 
not evaluate the damage properly. 

•  Difficult to know the structural component 
from the non-structural one. 

•  Just a visual inspection, which does not 
remove the covers of the structure.
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What barriers are there to sharing 
data across different organizations? 
•  Act on the Protection of Personal Information 

–  Damage data is regarded as personal information
•  Original data is recorded on papers, not digitalized 
•  No standardized protocol for transferring and 

accumulating the data 
•  Data = damage description+ damage evaluation 

–  Damage description, such as location, type and extent 
of damage, photos, can be sharing 

–  Damage evaluation depends on objectives of 
inspection 

–  Need to separate the damage description from damage 
evaluation  
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IInntteerrnnaa''oonnaall    PPoosstt-­‐-­‐EEaarrtthhqquuaakkee    DDaattaa    CCoolllleecc''oonn    WWoorrkksshhoopp    
AAnncchhoorraaggee    AAllaasskkaa,,    JJuullyy    2200-­‐-­‐2211,,    22001144,,        

    
JJaappaanneessee    EExxppeerriieennccee

1:00	
  pm	
  –	
  2:30	
  pm	
  
3:30	
  pm	
  –	
  4:00	
  pm,	
  July	
  20	
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SSeevveenn    PPaarr''cciippaannttss

1.  Toshimi	
  Kabeyasawa,	
  University	
  of	
  Tokyo	
  	
  (Q1,	
  Q6)	
  
2.  Masaki	
  Maeda,	
  Tohoku	
  University	
  (Q1,	
  Q5,	
  Q6)	
  
3.  Koichi	
  Kusunoki,	
  University	
  of	
  Tokyo	
  	
  (Q2,	
  Q3,	
  Q8)	
  
4.  Toshikazu	
  Kabeyasawa,	
  MLIT	
  (Q6)	
  
5.  Tomohisa	
  Mukai,	
  Building	
  Research	
  Ins>tute	
  (Q1)	
  
6.  Satoshi	
  Tanaka,	
  Fuji-­‐Tokoha	
  University	
  (Q1,	
  Q2,	
  Q4)	
  
7.  Sam	
  Kono,	
  Tokyo	
  Ins>tute	
  of	
  Technology	
  (Q7,	
  Q9)	
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RReeccoonnnnaaiissssaannccee    rreeppoorrtt    oonn    TToohhookkuu    
EEQQ    ((2299    vvoolluummeess))
•  Summary	
  

1.  Seismology	
  
2.  Tsunami	
  
3.  Soil	
  failure	
  
	
  

•  JSCE	
  
1.  Damage	
  and	
  recovery 	
  
2.  Damage	
  and	
  recovery 	
  
3.  Lifelines	
  
4.  Traffic	
  facili>es	
  
5.  Nuclear	
  
6.  Immediate	
  reac>ons	
  
7.  Economic	
  influence	
  
8.  Recovery	
  

•  AIJ	
  
1.  RC	
  
2.  PS/SRC/Wall/Masonry	
  
3.  Steel	
  
4.  Timber	
  
5.  Founda>ons	
  
6.  Non-­‐structural	
  
7.  Fire	
  
8.  Equipment	
  
9.  Socio-­‐economic	
  
10.  Planning	
  
11.  Standards	
  and	
  laws	
  

•  JGS	
  (Geotech)	
  
•  JSME	
  (Mechanical)	
  
•  City	
  Planning	
  Inst.	
  
•  JEES	
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RReeppoorrtt    ffrroomm    JJaappaann        
oonn    QQ77    aanndd    QQ99    

    
++HHeeiiddii’’ss    qquueess''oonn    ((online  collec'on  of  

case  studies)

Sam	
  KONO	
  
Tokyo	
  Ins>tute	
  of	
  Technology
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Q7:Lessons  from  the  data  collec'on  process.  

Good	
  points	
  
•  EQ’s	
  are	
  good	
  wake-­‐up	
  calls.	
  	
  (People,	
  engineers,	
  government,	
  
researchers,	
  ect.)	
  

•  EQ’s	
  keep	
  proof-­‐tes>ng	
  current	
  codes/standards	
  and	
  
educa>on.	
  (Lessons	
  from	
  previous	
  EQ’s	
  are	
  reflected	
  in	
  codes/
standards.	
  The	
  updates	
  are	
  tested	
  repeatedly.)	
  

•  People	
  prepare	
  for	
  EQ’s	
  in	
  a	
  good	
  sense.	
  (Market	
  is	
  aware	
  of	
  
EQ’s.	
  People	
  are	
  aware	
  of	
  Tsunami	
  aEer	
  EQ’s.)	
  

•  Large	
  amount	
  of	
  knowledge	
  can	
  be	
  obtained	
  for	
  
professional	
  engineers	
  and	
  young	
  engineers.	
  

•  Reconnaissance	
  report	
  29	
  volumes	
  
(Summary3+Civil8+Building11+Soil3+Mechanical1+CityPlanning1+NPP1+Ap
pendix1)	
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Q7:Lessons  from  the  data  collec'on  process.  

Bad	
  points	
  
•  Individuals,	
  government,	
  private	
  companies,	
  academic	
  
socie>es	
  have	
  different	
  ways	
  of	
  collec>ng	
  data	
  and	
  usage.	
  	
  
(Market	
  value	
  may	
  go	
  down	
  by	
  sharing	
  data.	
  	
  Private	
  Informa>on	
  
Protec>on	
  Law	
  )	
  	
  

•  Hard	
  to	
  control	
  inter-­‐organiza>on	
  corpora>on/format	
  for	
  the	
  
first	
  ac>on.	
  (Many	
  organiza>ons	
  and	
  individuals	
  swarm	
  to	
  the	
  
damaged	
  structures.)	
  

•  Interdisciplinary	
  collabora>ons	
  are	
  far	
  away.	
  (except	
  individual	
  
levels)	
  

•  Data	
  collec>ons	
  are	
  not	
  easy	
  task	
  at	
  all	
  and	
  there	
  is	
  not	
  good	
  
momentum	
  to	
  share	
  data	
  with	
  others.	
  (Some	
  collabora>on	
  
system	
  is	
  required.)	
  	
  

•  Data	
  sharing	
  policies	
  are	
  all	
  different.	
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Q9:CCoonnsseennssuuss-­‐-­‐bbaasseedd    ddaattaa    
ccoolllleecc''oonn    pprroottooccoollss
•  Specific	
  goals	
  are	
  necessary	
  to	
  balance	
  labor/>me	
  
and	
  outcome.	
  
• Most	
  data	
  are	
  voluntarily	
  collected.	
  It	
  is	
  not	
  easy	
  to	
  
pass	
  them	
  to	
  unknown	
  people	
  since	
  it	
  is	
  hard	
  to	
  tell	
  
how	
  the	
  database	
  is	
  used.	
  (Commercial	
  use	
  will	
  cause	
  a	
  
problem.)	
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HHeeiiddii’’ss    qquueess''oonn::    CCaann    JJaappaann    
ccoonnttrriibbuuttee    ttoo    oonnlliinnee    ccoolllleecc''oonn    ooff    ccaassee    
ssttuuddiieess??
•  Each	
  researcher	
  is	
  happy	
  to	
  contribute	
  his/her	
  
data.	
  
•  For	
  very	
  limited	
  number	
  of	
  cases	
  for	
  public	
  buildings	
  
(municipal	
  building	
  and	
  schools).	
  

•  It	
  is	
  not	
  easy	
  to	
  share	
  data	
  on	
  private	
  buildings.	
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National Science Foundation 
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•  Building Officials Institute of 
New Zealand 

•  Canterbury Development 
Corporation 

•  Canterbury District Health 
Board 

•  Canterbury Earthquake 
Recovery Authority 

•  Canterbury Employers 
Chamber of Commerce 

•  Christchurch and 
Canterbury Tourism Board 

•  Christchurch City Council 
•  CORE Education Ltd 
•  GNS Science 
•  Healthy Christchurch 
•  Holmes Consulting Group 
•  Human Rights 

Commission 
•  Lincoln University 
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•  Massey University 
•  Ministry of Business, 

Innovation, and Employment 
•  Ministry of Education 
•  New Zealand Historical 

Places Trust 
•  Pegasus Health 

•  Reserve Bank of New 
Zealand 

•  ResOrgs 
•  SCIRT 
•  Statistics New Zealand 
•  University of Canterbury 
•  University of Otago 
•  Victoria University 
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45 Meetings 

• 13 meetings = built environment 
• 11 = social capital 
• 8 = economic recovery 
• 8 = human well-being 
• Remaining = multiple roles 
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Themes 

• Data Collection, Analysis, and 
Communication 

• Use of Data in Decision Making 
• Coordination and Sharing of Data 
• Role of EERI and Outside Experts 
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Data Collection Tools 

Heidi Tremayne 
with Marjorie Greene and Maggie Ortiz 

Earthquake Engineering Research Institute 
with Sean Wilkinson, Newcastle University & EEFIT 

Post-­‐Eq	
  Data	
  Workshop,	
  July	
  20,	
  2014	
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Data collection and visualization 
tools for Eqk Reconnaissance 

▪  Hardware 
•  Phones, tablets, laptops, GPS, cameras, video  

▪  Software 
•  OS (fleeting), GIS, custom form or browser 

based solutions, databases 
▪  Data 

•  Taxonomy/metadata, GIS, before/after satellite 
data, imagery, notes, drawings, form data, etc. 

▪  Visualization and Web Dissemination 
•  Upload, Mapping, Photo Gallery, Search, 

archive 
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Post-Eq Data Collection History 

▪  EERI has been conducting 
organized post-earthquake 
reconnaissance and data 
collection since the 1960s 

▪  Traditional approach of EERI 
(as well as other organizations) 
has been hand written notes 
and photo documentation 

▪  Since 2000 many 
organizations have tried to  
develop tools utilizing modern 
technologies 
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Challenges to  
Data Collection Tools 
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Challenge: Technology Outdated 
Quickly 

▪  IT and technology 
advances quickly 
making tools 
obsolete, even mid-
development. 

▪  Example: Rover with 
Windows Mobile 

Note:	
  Rover	
  is	
  s?ll	
  in	
  use,	
  but	
  now	
  uses	
  web	
  interface	
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Challenge: Level of Data Detail 

▪  Limited time in field often 
    leads to quick collection 
▪  Slow, unwieldy tools can  
    hamper use of detailed  
    collection forms 

•  Example: Accela (Palm & PC) 
▪  Many researchers want to visit  
    areas with most damage 
▪  Few researchers want to document limited or no damage 
▪  Many people with different levels or experience/expertise 

collect data.  If data to be entered requires interpretation, 
the resulting data/interpretation may be inconsistent 

Systematic data? What level of detail & quality? 
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Challenge: Data Ownership 

▪  Many organizations, governments and 
government agencies involved in response 
and recovery hesitate to share data due to 
privacy, liability, etc. concerns. 

▪  Each organization in the field wants to 
collect their own data, in their own way. 

▪  Resistance to using other tools, when have 
developed in-house tools, would need 
training, or are comfortable with status-quo. 
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Challenge: Extended Timeline 

▪  Reconnaissance 
Timeline: 
•  Immediate Post-Eq 
•  Intermediate Resilience 
•  Long-term Recovery 

▪  Data collection 
consistency?  

▪  Identifying key data to 
collect? 
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Challenge: Large Number of Tools 

▪  Many organizations have 
independently developed 
tools for data collection 

▪  Data sharing can be 
difficult with different 
forms, metadata, and 
data frameworks 

▪  Visualization of multiple 
data sets can be 
complicated 
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Challenge: Connectivity 

▪  Change to constant internet 
connectivity in modern life 
leads to expectations of near-
immediate data collection, 
sharing, and visualization 

▪  With limited cellular or 
internet access many tools 
may not be operable 

▪  Example: USGS html5 web-
app tool has some 
functionality off line (but 
limited) IF	
  network	
  	
  

available,	
  	
  
sync	
   Master	
  Database	
  Storage	
  on	
  device	
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Challenge: Visualization 

▪  Geo-located data is becoming 
easier to collect, thus map 
interfaces are becoming more 
common 

▪  KMZ & KML map data layers 
exports are becoming easier and 
allow overlayment with other data 

▪  With many levels of data and 
meta-data, other visualization may 
be needed beyond mapping 
•  Search & Filter by metadata 
•  Database 
•  Image Galleries 

ADD ARCGIS MAP 
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Trends & Opportunities 
 in Data Collection 
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Trend: Systematic Data Collection 

▪  Researchers have an increasing 
need for detailed data to:  

•  Measure resilience 
•  Calibrate engineering models and 

analytical tools 
•  Validate performance-based 

earthquake engineering approaches 
•  Improve risk & loss modeling 

▪  Will researchers be willing to 
gather this detailed data in the 
field? 

▪  Example: GEM & PEER tools 
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Trend: Remote Sensing 

▪ Data can be obtained 
remotely e.g. lidar, satellite 
imagery, Other satellite 
imagery e.g. DTMs, soil 
properties 
▪ “Big data” can now be 
collected, stored and 
analysed relatively easily. 
▪ This can feed directly into 
decision support 

Image captured by SOPAC using various satellite imagery, and extracted from 
GNS Slides at 2012 EERI-EEFIT Workshop 
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Trend: Data Visualization Framework 

▪  California Clearinghouse approach  
   utilizing UICDS 

•  middleware developed by the U.S. Dept of  
     Homeland Security to allow diverse  
     datasets/organizations to share data without  
     common platform or software 

▪  Allows:  
•  data collection and ownership to remain with partner 
•  partner to set what data is visible to others 
•  Rapid sharing 

▪  Approach = popular; implementation = challenging 
▪  Requires metadata adaptor to the Incident 

Command Data Framework 
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Trend: Social Media & Remote Data 
▪  Utilizing data from social 

media: 
•  Paper by Mahalia Miller 

(at 10NCEE) 
▪  Remote participation by 

experts or public: 
•  Gleaning data from 

media reports, etc. 
•  Example of 

crowdsourcing through 
GEOCAN after Haiti, 
NZ earthquakes 

▪  This can feed directly into 
decision support 
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Trend: Increasing # of Field Teams 

▪  As US reconnaissance funding models change, 
smaller and more numerous teams are 
participating in reconnaissance 
•  EERI, TCLEE, GEER, PEER, ATC, ASCE, universities, 

professional societies, firms, etc. 
▪  Broadening international collaboration and 

participation is also yielding additional 
researchers, data, tools, complexity, and 
opportunity. 

▪  Reconnaissance teams for other disaster types 
are developing, can we learn from them?  
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Recommendations 

▪  Data collection & visualization tools need to be:  
•  Flexible and adaptable as IT functionality rapidly 

evolves 
•  Platform and operating system independent 
•  Functional with and without internet connectivity 
•  Metadata and framework to facilitate sharing across 

disciplines, organizations and countries 
▪  For systematic data collection to be possible, 

tools need to be flexible, able to accommodate 
detailed collection quickly, and widely adopted 
by the research community. 
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Damage/Loss	
  data	
  needed	
  and	
  collected	
  by	
  Insurance	
  industry	
  
	
  

1. What	
  is	
  damage/loss	
  data?	
  
2. For	
  which	
  perils	
  do	
  damage/loss	
  data	
  exist?	
  
3. Who	
  collects	
  the	
  damage/loss	
  data?	
  
4. Issues	
  with	
  DATA	
  collected	
  in	
  the	
  insurance	
  industry	
  
5. Accessibility	
  of	
  data	
  

	
  
	
  

• For	
  which	
  perils	
  do	
  damage/loss	
  data	
  exist?	
  In	
  general	
  data	
  for	
  weather	
  
related	
  perils	
  is	
  much	
  more	
  plentiful	
  than	
  data	
  from	
  earthquakes.	
  	
  
	
  

• Who	
  collects	
  the	
  damage/loss	
  data?	
  Data	
  is	
  collected	
  by	
  primary	
  insurance	
  
companies	
  and	
  by	
  risk	
  modeling	
  companies	
  for	
  different	
  business	
  reasons	
  	
  

o Primary	
  insurance	
  companies:	
  claim	
  settlement	
  purposes	
  (insurance	
  
companies)	
  done	
  by	
  loss	
  adjustors.	
  

o Risk	
  modeling	
  companies:	
  	
  
§ for	
  improving	
  vulnerability	
  functions	
  for	
  loss	
  assessment	
  	
  
§ marketing	
  purposes	
  (risk	
  modelers)	
  

	
  
• Issues	
  with	
  DATA	
  collected	
  in	
  the	
  insurance	
  industry	
  are:	
  

o DATA	
  collected	
  by	
  insurance	
  companies:	
  	
  
§ Usually	
  good	
  quality	
  data,	
  although	
  the	
  quality	
  varies	
  wildly	
  

from	
  company	
  to	
  company.	
  
§ sometimes	
  biased	
  by	
  the	
  strategy	
  used	
  for	
  settling	
  claims.	
  Data	
  

usually	
  not	
  shared	
  outside	
  of	
  the	
  industry.	
  	
  
§ interest	
  restricted	
  to	
  certain	
  types	
  of	
  structures	
  (insurable	
  

buildings	
  in	
  their	
  books);	
  	
  
§ their	
  interest	
  is	
  not	
  holistic	
  but	
  often	
  capped	
  by	
  the	
  insurance	
  

limit	
  (they	
  might	
  not	
  care	
  for	
  losses	
  beyond	
  the	
  limit	
  they	
  are	
  
responsible	
  for);	
  	
  

§ Censored	
  data:	
  in	
  many	
  occasions,	
  especially	
  if	
  claims	
  are	
  low,	
  
they	
  might	
  not	
  conduct	
  investigation	
  but	
  pay	
  directly.	
  

§ Detailed	
  data	
  about	
  the	
  damage	
  that	
  generate	
  the	
  loss	
  is	
  shared	
  
very	
  rarely	
  

o DATA	
  collected	
  by	
  risk	
  modeling	
  companies:	
  	
  
§ Lack	
  of	
  time	
  and	
  support	
  to	
  conduct	
  resource-­‐intensive	
  

structured	
  data	
  collection	
  	
  
§ data	
  is	
  not	
  standardized	
  	
  
§ Data	
  is	
  not	
  collected	
  in	
  a	
  systematic	
  way.	
  Biased	
  towards	
  more	
  

damaged	
  buildings	
  
§ Sometimes	
  biased	
  low	
  because	
  of	
  lack	
  of	
  accessibility	
  to	
  

structures	
  

A427



	
  
• Accessibility	
  of	
  data:	
  In	
  general	
  data	
  is	
  held	
  proprietary	
  mostly	
  for	
  liability	
  

reasons	
  (insurance	
  companies)	
  or	
  to	
  prevent	
  accessibility	
  by	
  competitors	
  
(risk	
  modelers).	
  Circulation	
  of	
  insurance	
  data	
  within	
  the	
  industry	
  does	
  exist	
  
though:	
  

§ From	
  particular	
  insurance	
  companies	
  TO	
  consulting	
  companies	
  
(for	
  analysis	
  and	
  insight)	
  

§ From	
  (re)insurance	
  companies	
  TO	
  (re)insurance	
  companies	
  
(to	
  gain	
  trust,	
  reinsurance)	
  

§ From	
  (re)insurance	
  companies	
  TO	
  broking	
  companies	
  
(reinsurance	
  placement,	
  consulting)	
  

o When	
  data	
  is	
  shared	
  externally	
  it	
  is	
  only	
  done	
  at	
  an	
  aggregate	
  level	
  
(minimal	
  information	
  about	
  building	
  type	
  and	
  no	
  detailed	
  information	
  
about	
  exact	
  location),	
  which	
  then	
  loses	
  significant	
  potential	
  for	
  
scientific	
  and	
  numerical	
  analysis	
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Appendix III: 
Monday July 21 Discussion 

Summary Presentations & Notes
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Interna'onal  Post-­‐Earthquake  Data  
Collec'on  Workshop:  Wrap-­‐up  
  
Agenda

• Breakout	
  summaries	
  (<45	
  min	
  with	
  discussion)	
  
•  Five	
  slides	
  each	
  breakout	
  
•  Discussion	
  a<er	
  all	
  three	
  have	
  been	
  presented	
  
	
  

• Next	
  Steps	
  (<1	
  hour)	
  
•  ResoluCons	
  
•  AcCon	
  items	
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Damage

PHYSICAL	
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WHY


•  IdenCfy	
  Knowledge	
  	
  Gaps	
  
• Conduct	
  Forensic	
  Studies	
  
• Produce	
  Damage	
  StaCsCcs	
  
• Guide	
  Response	
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WHAT

CATEGORY	
   DATA	
   DEFINITION	
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EARTHQUAKE

CATEGORY	
   DATA	
   DEFINITION	
  

Earthquake	
   Name	
  

Date	
  

Ground	
  Record(s)	
  

Response	
  Record(s)	
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STRUCTURE

CATEGORY	
   DATA	
   DEFINITION	
  

Structure	
   ID	
  

Coordinates	
  

Address	
  

Number	
  of	
  Stories	
  

Occupancy	
  

Number	
  of	
  Occupants	
  

Number	
  of	
  Housing	
  Units	
  

Force-­‐ResisCng	
  System(s)	
  

Seismic	
  IsolaCon	
  

Mechanical	
  ProtecCon	
  Device	
  

Strengthening	
  

Nonstructural	
  Elements	
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STRUCTURE

CATEGORY	
   DATA	
   DEFINITION	
  

Structure	
   ID	
  

Coordinates	
  

Address	
  

Number	
  of	
  Stories	
  

Nonstructural	
  Elements	
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CONSEQUENCES

CATEGORY	
   DATA	
   DEFINITION	
  

Consequences	
   Survey	
  Date	
  

Tag	
  

In	
  Use	
  or	
  Not	
  in	
  Use	
  

Damage	
  Level	
  

Damage	
  DescripDon	
  

Cause	
  of	
  Damage	
  

Tsunami	
  Run-­‐up	
  Height	
  

Crack	
  /	
  Damage	
  Maps	
  

Site	
  /	
  Soil	
  Damage	
  

Photos,	
  Video,	
  Media	
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HOW


• RepresentaCve	
  samples	
  
• NarraCves	
  with	
  standard	
  terms	
  or	
  keywords	
  
instead	
  of	
  	
  or	
  in	
  addiCon	
  to	
  pull-­‐down	
  menus	
  and	
  
check	
  boxes?	
  
•  Explicit	
  references	
  to	
  standards	
  and	
  ranking	
  
systems	
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Research  Needs


• Define	
  an	
  index	
  to	
  quanCfy	
  residual	
  capacity	
  
• Produce	
  be[er	
  simulaCon	
  tools	
  and	
  models	
  
•  IdenCfy	
  factors	
  contribuCng	
  to	
  resilience	
  
• Develop	
  be[er	
  methods	
  to	
  esCmate	
  regional	
  
vulnerability	
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Summary  of  Impact  
Data  Breakout  
Discussion


Mary	
  Comerio,	
  Moderator	
  
With	
  help	
  from	
  Judith	
  Mitrani-­‐Reiser	
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What  are  Cri'cal  Impact  Sectors

•  Housing	
  

•  Health	
  

•  EducaCon	
  

•  Economy	
  (Jobs)	
  

•  Environment	
  

•  CommunicaCon	
  

•  Lifeline	
  operability	
  

•  Safety	
  of	
  Civil	
  Society	
  

HolisCc	
  Overview:	
  
Social	
  
Economic	
  
Natural	
  Environment	
  

All	
  are	
  interconnected	
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What  are  Minimum  Parameters    
for  Baseline  and  Post-­‐Event


PopulaCon	
  impacted	
  area	
  (make	
  up	
  by	
  census)	
  
Urbanized	
  vs	
  non-­‐urbanized	
  
#	
  Dwelling	
  Units	
  (+	
  types)	
  
#	
  Hospitals/beds	
  (+types)	
  
#	
  Schools	
  (+types)	
  
#	
  Government	
  buildings	
  
#	
  Industrial/commercial	
  buildings	
  
ProducCvity	
  
Ground	
  Surface	
  Changes	
  
Lifeline	
  Status	
  
Non-­‐Structural	
  Damage	
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Data  Collec'on  Procedures  
and  Use  of  Interna'onal  Protocols

• Data	
  Protocols	
  are	
  criCcal	
  
•  GEM	
  consequence	
  protocols,	
  WHO	
  reports,	
  Sphere	
  
Standards,	
  UNDAC	
  other	
  exisCng	
  models	
  

•  Link	
  Damage	
  Survey	
  to	
  operaConal	
  effecCveness	
  –to	
  
define	
  building	
  funcCons	
  by	
  structure	
  type	
  and	
  link	
  
loss/damage	
  with	
  disrupCon	
  of	
  service	
  
•  Engineering	
  community	
  needs	
  to	
  take	
  ownership	
  of	
  
funcConality	
  requirements	
  to	
  improve	
  Performance	
  
Based	
  Design	
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Value  of  Data  
Time  Sensi'vity  of  Data

• Overcome	
  barriers	
  to	
  sharing	
  by	
  demonstraCng	
  
community	
  benefits	
  
•  Examples	
  NZ	
  Geotech/ACC	
  data,	
  Hur.	
  Sandy	
  NYC	
  hospitals	
  
shared	
  beds	
  avail	
  daily	
  

	
  

• Base	
  Line	
  (pre-­‐event)	
  AND	
  Change	
  in	
  event	
  
•  Timeframe	
  for	
  data	
  vary	
  by	
  sector	
  
• Note	
  what	
  is	
  perishable.	
  Because	
  of	
  relaCon	
  to	
  
funcConing	
  vs	
  recovery	
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Recovery  and  Reconstruc'on  

ParCcipants	
   David	
  Johnston	
  (NZ)	
  	
  

Mike	
  Stannard	
  (NZ)	
  	
  
Marco	
  Di	
  Ludovico	
  (IT)	
  	
  
Juan	
  Carlos	
  de	
  la	
  Llera	
  (CHILE)	
  	
  
Tomohisa	
  Mukai	
  (JP)	
  	
  
Sco[	
  Miles	
  (US)	
  	
  
Vesna	
  Terzic	
  (US)	
  	
  
Ayhan	
  Irfanoglu	
  (US)	
  	
  
Ken	
  Elwood	
  (U.	
  Auckland)	
  

Moderator	
   Stephanie	
  Chang	
  
Student/recorder	
   Frederic	
  Marquis	
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Why  collect  data?  (value)


Social	
   Basic	
  services	
   Wellbeing,	
  	
  
risk	
  percepCon	
  

Physical	
   Can	
  the	
  
building	
  be	
  

used?	
  

What	
  do	
  you	
  do	
  
with	
  the	
  
building?	
  
(demoliCon	
  
decision)	
  

Code	
  
changes	
  

Hard	
  

Emergency	
   ReconstrucCon	
  -­‐	
   Recovery	
  

Time	
  

Ty
pe

	
  o
f	
  D

at
a	
  

*	
  “How	
  is	
  the	
  recovery	
  going?”	
  (informing	
  decision-­‐makers)	
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What  minimum  types  of  data  are  required?


Categories	
  
1.  Damage	
  
2.  Rebuilding	
  
3.  FuncConality	
  
4.  Decisions	
  
5.  Economics	
  
6.  Behavior	
  
7.  PopulaCon	
  
8.  PercepCons	
  

2.	
  Rebuilding	
  
• %	
  buildings…	
  (by	
  type,	
  loc.,	
  T)	
  

•  Assessed	
  
•  Permi[ed	
  
•  Repaired	
  
•  Retrofi[ed	
  
•  Demolished	
  
•  Rebuilt	
  
•  Occupied	
  

•  Trends	
  (mulCple/proxy/
simplified)	
  
•  Community	
  changes	
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How  to  Collect  and  Share  Data    
(principles,  ideas)

• Balance	
  data	
  for	
  informing	
  decision-­‐makers	
  with	
  
data	
  for	
  research	
  
•  Interviews	
  with	
  staff	
  (as	
  well	
  as	
  populaCon)	
  
• MulCple	
  sources,	
  triangulaCon	
  (e.g.,	
  rebuilding)	
  	
  
• Build	
  in	
  links	
  (e.g.,	
  buildings	
  with	
  owners/tenants;	
  
business	
  acCons/Cme/impact)	
  
• Data	
  has	
  to	
  be	
  made	
  public	
  and	
  available	
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Breakout	
  Session	
  –	
  Recovery	
  and	
  Reconstruction	
  (Theme	
  #3)	
  
Post-­‐Earthquake	
  Data	
  Collection	
  Workshop	
  

Anchorage,	
  Alaska	
  
July	
  20-­‐21,	
  2014	
  

	
  
Moderator:	
  	
   Stephanie	
  Chang	
  (UBC)	
  
Student:	
  	
   Frederic	
  Marquis	
  (UBC)	
  
Participants:	
  	
   David	
  Johnston	
  (NZ),	
  Mike	
  Stannard	
  (NZ),	
  Marco	
  Di	
  Ludovico(IT),	
  Juan	
  Carlos	
  

de	
  la	
  Liera	
  (CHILE),	
  Scott	
  Miles	
  (US),	
  Vesna	
  Terzic	
  (US),	
  Tomohisa	
  Mukai	
  (JP),	
  
Ayhan	
  Irfanoglu	
  (US),	
  Ken	
  Elwood	
  (U.	
  Auckland)	
  

	
  

What	
  minimum	
  types	
  of	
  data	
  are	
  required?	
  
Categories	
  

1. Damage	
  
a. Detailed	
  building	
  geometry,	
  materials,	
  soils	
  properties	
  and	
  damage	
  data	
  to	
  fill	
  

gaps	
  of	
  building	
  performance	
  with	
  the	
  level	
  of	
  shaking	
  experienced	
  by	
  the	
  
building.	
  

b. Amount	
  of	
  damage	
  for	
  members	
  and	
  damaged	
  building	
  by	
  experimental	
  tests	
  
c. Repair	
  costs	
  (structural	
  members,	
  non-­‐structural	
  members,	
  damage	
  location	
  in	
  

the	
  building)	
  (individual	
  building	
  or	
  community)	
  
d. Effectiveness	
  of	
  mitigation	
  

2. Rebuilding	
  
a. %	
  buildings	
  

i. Assessed	
  
ii. Permitted	
  
iii. Repaired	
  
iv. Retrofitted	
  
v. Demolished	
  
vi. Rebuilt	
  	
  
vii. Occupied	
  

b. Trends	
  (multiple	
  indicators,	
  proxy	
  indicators,	
  simplified	
  information)	
  
c. Community	
  changes	
  (e.g.	
  spatial	
  differences)	
  

3. Functionality	
  
a. Post-­‐EQ	
  functionality	
  not	
  to	
  shut	
  down	
  after	
  EQ	
  
b. Occupancy	
  of	
  public	
  buildings	
  (e.g.	
  hospitals)	
  
c. Lifelines	
  recovery	
  (different	
  indices)	
  and	
  lifeline	
  interdependencies.	
  How	
  the	
  

system	
  works	
  (lifelines,	
  healthcare	
  system,	
  etc.)	
  
4. Decisions	
  

a. Government	
  (Policies,	
  Legislation,	
  Recovery	
  Authority,	
  Building	
  Codes,	
  Coding	
  
System,	
  Communication	
  to	
  Population)	
  

b. Building	
  Owners	
  
c. Impacts	
  (including	
  code	
  changes	
  and	
  retrofits)	
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5. Economics	
  
a. Business	
  database:	
  type	
  of	
  business,	
  downtime,	
  timeline	
  of	
  inspection,	
  type	
  of	
  

data	
  collected,	
  time	
  to	
  initiate	
  repair,	
  time	
  to	
  repair,	
  sequence	
  of	
  actions	
  and	
  
their	
  durations	
  prior	
  to	
  repair	
  of	
  the	
  buildings,	
  tags,	
  business	
  interruption	
  losses.	
  

b. Data	
  to	
  link	
  types	
  of	
  businesses	
  to	
  dependency	
  on	
  their	
  buildings	
  to	
  inform	
  the	
  
need	
  for	
  relative	
  reconstruction	
  speed	
  versus	
  alternative	
  work	
  arrangements	
  

c. Data	
  to	
  link	
  tenants	
  to	
  buildings	
  to	
  building	
  owners	
  and	
  then	
  track	
  during	
  
recovery	
  	
  

d. Businesses	
  by	
  place	
  and	
  time	
  (number,	
  open/close,	
  %	
  functional,	
  $/%	
  output,	
  
jobs)	
  

e. Total	
  jobs	
  (new,	
  lost)	
  
6. Behavior	
  

a. CCTV	
  footage	
  inside	
  buildings	
  during	
  earthquakes	
  and	
  along	
  sidewalks/streets	
  
7. Population	
  

a. Population	
  by	
  place	
  and	
  time	
  (and	
  movements)	
  
b. School	
  enrolment	
  

8. Perceptions	
  
a. Detailed	
  data	
  on	
  the	
  response	
  of	
  people	
  at	
  different	
  levels	
  (individuals,	
  

communities,	
  etc.)	
  and	
  their	
  risk	
  perception	
  and	
  how	
  it	
  has	
  evolved	
  in	
  time.	
  
b. Psycho-­‐social	
  data	
  of	
  people’s	
  perception	
  of	
  loss	
  and	
  reconstruction	
  of	
  their	
  

built	
  environment	
  (e.g.	
  “How	
  much	
  change	
  is	
  too	
  much?”)	
  
c. Comfort	
  level,	
  wellbeing,	
  acceptable	
  damage	
  level	
  and	
  comprehension	
  of	
  risks	
  

at	
  the	
  community	
  level.	
  
d. Effectiveness	
  of	
  mitigation	
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Value	
  of	
  the	
  data	
  
§ How’s	
  the	
  recovery	
  going?	
  (informing	
  decision-­‐makers)	
  
§ Matrix	
  

Ty
pe

 o
f D

at
a 

Social Basic 
services 

Wellbeing, risk 
perception  

Physical 
Can the 

building be 
used? 

What do you do 
with the building? 

(demolition 
decision) 

Code 
changes 

Hard     

 
Emergency Reconstruction - Recovery 

 Time 
	
  

§ Balance	
  between	
  research	
  and	
  decision-­‐making	
  needs	
  
§ Decision-­‐making	
  in	
  future	
  events	
  

	
  
How	
  to	
  collect	
  and	
  share	
  data	
  

§ Interviews	
  with	
  local	
  staff,	
  returnees,	
  etc.	
  
§ Data	
  has	
  to	
  be	
  public	
  and	
  available	
  
§ Multiple	
  sources,	
  triangulation	
  (e.g.	
  rebuilding)	
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Summary	
  Notes	
  from	
  Tuesday	
  Comments	
  &	
  Participant	
  Observations	
  

• We	
  need	
  to	
  start	
  speaking	
  to	
  data	
  analysis	
  experts	
  because	
  approaches	
  are	
  now	
  often	
  
more	
  schema-­‐less.	
  	
  Data	
  searching	
  through	
  meta-­‐data,	
  searched	
  and	
  filtered	
  by	
  modern	
  
and	
  novel	
  tools	
  at	
  the	
  cutting	
  edge	
  of	
  data.	
  

• All	
  of	
  the	
  groups	
  have	
  different	
  outcomes	
  and	
  thus	
  the	
  hard	
  data	
  commonalities	
  seem	
  
to	
  be	
  the	
  location	
  and	
  time	
  of	
  collection	
  and	
  occupancy	
  type.	
  

o Maybe	
  that	
  there	
  are	
  more	
  commonalities	
  but	
  need	
  to	
  study	
  further?	
  
• The	
  commonality	
  may	
  be	
  the	
  aim	
  of	
  having	
  all	
  teams	
  on	
  recon	
  missions	
  are	
  collecting	
  a	
  

matrix	
  of	
  data	
  that	
  has	
  a	
  similar	
  framework.	
  	
  Is	
  this	
  the	
  main	
  outcome	
  of	
  this	
  exercise?	
  	
  
An	
  agreement	
  to	
  a	
  collaborative	
  approach	
  and	
  procedure?	
  	
  	
  

• Need	
  to	
  align	
  each	
  data	
  to	
  its	
  purpose.	
  	
  Could	
  this	
  be	
  the	
  unifier	
  that	
  all	
  data	
  is	
  linked	
  by	
  
purpose	
  for	
  its	
  use?	
  

• Time	
  is	
  correlated	
  to	
  the	
  purpose.	
  	
  Questions	
  change	
  over	
  time.	
  	
  	
  By	
  segmenting	
  in	
  time,	
  
there	
  may	
  be	
  a	
  way	
  to	
  look	
  at	
  frameworks	
  that	
  change	
  by	
  time?	
  (Many	
  at	
  workshop	
  
agreed	
  with	
  this	
  statement.)	
  

• Countries	
  will	
  act	
  in	
  their	
  own	
  ways,	
  but	
  it	
  would	
  be	
  nice	
  to	
  validate	
  this	
  data	
  in	
  a	
  
common	
  way.	
  	
  Protocols	
  could	
  ensure	
  that	
  data	
  is	
  valuable.	
  

• Could	
  we	
  use	
  Christchurch	
  as	
  an	
  after	
  the	
  fact	
  case	
  study	
  to	
  better	
  understand	
  gaps	
  in	
  
data	
  when	
  it	
  was	
  gathered	
  by	
  fragmented	
  and	
  various	
  groups?	
  

• What	
  data	
  is	
  available	
  before	
  the	
  event?	
  	
  This	
  should	
  be	
  considered	
  as	
  the	
  fundamental	
  
data	
  in	
  advance	
  that	
  we	
  measure	
  how	
  it	
  changes	
  after	
  the	
  earthquake.	
  	
  A	
  study	
  of	
  
recent	
  2010	
  and	
  2011	
  earthquakes	
  could	
  be	
  done	
  in	
  this	
  regard???	
  

• Its	
  all	
  about	
  the	
  deltas?	
  	
  Standards	
  may	
  help	
  if	
  we	
  were	
  working	
  together	
  and	
  combining	
  
recon	
  with	
  the	
  importance	
  of	
  data	
  for	
  local	
  community	
  response	
  and	
  recovery	
  

• Self	
  assigned	
  quality	
  score	
  for	
  data	
  collection?	
  	
  Using	
  cross	
  checks?	
  	
  Duplicate	
  data	
  
collection	
  by	
  multiple	
  researchers	
  for	
  redundancy?	
  A	
  variety	
  of	
  solutions	
  could	
  be	
  
devised	
  to	
  validate	
  field	
  data	
  and	
  add	
  error	
  bar	
  to	
  damage	
  ratings	
  or	
  values.	
  	
  Multiple	
  
teams	
  should	
  meet	
  to	
  calibrate	
  and	
  benchmark	
  collection	
  before	
  they	
  go	
  into	
  the	
  field.	
  
This	
  could	
  help	
  to	
  achieve	
  data	
  consistency.	
  

• Common	
  themes	
  could	
  also	
  be	
  occupancy	
  type.	
  	
  See	
  above.	
  
• Questions	
  about	
  how	
  quick	
  to	
  gather	
  data.	
  	
  Don’t	
  want	
  to	
  be	
  in	
  the	
  way	
  of	
  responders	
  

but	
  perhaps	
  some	
  quick	
  observations	
  can	
  be	
  made	
  to	
  make	
  a	
  quick	
  assessment,	
  then	
  a	
  
later	
  group	
  can	
  get	
  more	
  data	
  if	
  suitable.	
  	
  This	
  does	
  go	
  against	
  having	
  quick	
  teams	
  add	
  
functionality	
  questions	
  to	
  avoid	
  needing	
  to	
  do	
  interviews	
  

• Consider	
  use	
  of	
  GIS	
  and	
  geospatial	
  data.	
  
o What	
  is	
  location?	
  	
  Need	
  to	
  be	
  clear	
  on	
  these	
  items.	
  (coordinates	
  of	
  building	
  or	
  

where	
  recording	
  data,	
  etc)	
  	
  Also	
  standards	
  on	
  other	
  meta	
  data	
  to	
  be	
  clear	
  on	
  
accurate	
  location.	
  

• Time	
  and	
  Purpose	
  should	
  be	
  more	
  important	
  from	
  perishable	
  data.	
  	
  
• Structural	
  damage	
  is	
  only	
  tip	
  of	
  iceberg.	
  	
  More	
  work	
  is	
  needed	
  on	
  nonstructural,	
  

networks,	
  function,	
  etc.	
  	
  Model	
  calibration	
  for	
  risk,	
  function,	
  interconnection,	
  network	
  
models,	
  not	
  just	
  structural	
  models.	
  	
  

• Need	
  common	
  tools	
  that	
  are	
  easy	
  to	
  collect	
  by	
  many,	
  not	
  just	
  a	
  select	
  few.	
  	
  This	
  could	
  
also	
  include	
  crowd-­‐sourced	
  data	
  from	
  the	
  public.	
  

• Phases	
  matter.	
  The	
  recovery	
  phase	
  is	
  arguably	
  more	
  important	
  than	
  the	
  first	
  response	
  
phase.	
  	
  We	
  need	
  to	
  add	
  data	
  from	
  others,	
  not	
  just	
  what	
  we	
  can	
  gather.	
  	
  Must	
  think	
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bigger	
  beyond	
  engineers.	
  	
  The	
  focus	
  of	
  our	
  efforts	
  and	
  discussion	
  should	
  be	
  around	
  
standardizing	
  process	
  to	
  get	
  good	
  data	
  when	
  others	
  gather	
  it,	
  not	
  what	
  should	
  be	
  
collected.	
  

• Work	
  needs	
  to	
  be	
  done	
  to	
  come	
  to	
  consensus	
  on	
  damage	
  levels	
  (standardization).	
  
• This	
  group	
  needs	
  to	
  focus	
  on	
  realistic	
  resolutions	
  on	
  what	
  we	
  (internally)	
  can	
  do	
  as	
  a	
  

group,	
  instead	
  of	
  beyond	
  to	
  major	
  other	
  stakeholders.	
  
• It	
  is	
  important	
  to	
  move	
  away	
  from	
  data	
  as	
  a	
  currency,	
  how	
  it	
  is	
  used	
  matters.	
  	
  Our	
  

creativity	
  in	
  its	
  use	
  should	
  be	
  the	
  power,	
  not	
  the	
  raw	
  data.	
  	
  This	
  can	
  be	
  seen	
  in	
  the	
  life	
  
sciences	
  arena	
  where	
  data	
  sharing	
  is	
  commonplace	
  and	
  required.	
  	
  This	
  needs	
  to	
  be	
  a	
  
culture	
  shift.	
  

• Legal	
  issues	
  conflict	
  in	
  Japan	
  and	
  many	
  other	
  countries.	
  
• Concepts	
  of	
  data	
  collection	
  and	
  sharing	
  is	
  overwhelming	
  and	
  time	
  consuming.	
  	
  A	
  clearer,	
  

more	
  definite	
  outcome	
  would	
  help	
  scale	
  and	
  clarify	
  the	
  scope	
  of	
  what	
  we	
  are	
  doing.	
  	
  
Countries	
  and	
  engineers	
  in	
  countries	
  after	
  earthquakes	
  are	
  so	
  busy	
  that	
  it	
  is	
  hard	
  to	
  
share,	
  even	
  several	
  years	
  after	
  the	
  event,	
  while	
  they	
  are	
  still	
  trying	
  to	
  gather	
  and	
  
understand	
  data	
  in	
  their	
  own	
  country	
  for	
  their	
  own	
  purposes.	
  

• How	
  do	
  we	
  share	
  the	
  legacy	
  of	
  what	
  we	
  learned	
  for	
  researchers	
  in	
  the	
  future?	
  	
  Can	
  we	
  
create	
  a	
  document,	
  activity	
  or	
  other	
  items	
  that	
  can	
  do	
  this	
  collectivity	
  between	
  our	
  
countries?	
  	
  Can	
  we	
  capture	
  common	
  best	
  practices	
  from	
  all	
  these	
  countries	
  who	
  have	
  
recently	
  been	
  impacted?	
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