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 Project History
 What is it?
 What does it provide to responders?
 How does it work?
 How has Caltrans benefitted?



 1996 – ShakeMap introduced
 1999 – NT&R proposes “simple” method for 

assessing bridge impacts using ShakeMap and 
ArcView

 2003 – ShakeCast Version 1 developed; Caltrans 
beta tester

 2005 – Caltrans contracts with USGS
 2008 – ShakeCast Version 2 released



 Contract with the United States Geological 
Survey (USGS) commenced in 2006.

 Scope of Work – develop ShakeCast system that 
provides:
◦ Automated earthquake and bridge performance 

analysis 
◦ Produce maps and bridge inspection priority lists. 
◦ Web-based interface to administer system and provide 

suite of products to users.



 Suite of software that runs on a web 
server

 Retrieves measured shaking data 
within minutes after an earthquake

 Compares shaking distribution with 
unique bridge vulnerabilities

 Provides hierarchical lists and maps 
of bridges most likely impacted

 Emails info to responders within 10 
to 15 minutes following event

 Provides suite of tools on ShakeCast
website

Presenter
Presentation Notes
Following a major earthquake, the Department must rapidly assess the condition of its bridges.Timely response is critical to:Ensure public safetyAid routing of emergency vehicle trafficRe-establish critical lifeline routes.Pursued development of ShakeCast to aid in post-EQ response.



 Provides situational awareness after an 
earthquake.

 Represents the most reliable information 
within the first minutes to hours following an 
event.
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Presentation Notes
Project is a collaboration with USGS for development and deployment.Initial development was completed in June 2008.Recently adopted by LA Unified School District and Dept of Water Resources (for Dams).





 Developed using 
open-source tools:
◦ WAMP stack
 Windows (Server 2003)
 Apache
 MySQL
 PHP

◦ Perl
◦ Javascript
◦ RSS
◦ GoogleMaps API

 Stand-alone version 
can run the stack off a 
flash drive.



 Email notification
 ShakeCast Website
 GoogleEarth products
 Other products



 ShakeMaps available 5-10 
minutes after an earthquake.

 “NEW EVENT” messages sent 
out by ShakeCast as soon as 
ShakeMaps are generated.

 “BRIDGE ASSESSMENT” 
messages are sent within 1 
minute from receipt of 
ShakeMaps.

 10-15 minutes total.













Responders can use the link in the 
email to go to the ShakeCast website 
for additional information.



The website offers different ways to 
view the bridge data using maps, 
tables, or a combination of both.



Responders can use the link in the 
email to go to the ShakeCast website 
for additional information.



 ShakeCast is administered 
through a web browser 
interface.
◦ User group accounts.
◦ Notification preferences.
◦ Notification profiles.
◦ Manage processed earthquake 

events.
◦ Facility inventories and 

fragilities.
◦ Server and database settings.



ShakeCast automatically generates a 
GoogleEarth KML file.



The GoogleEarth interface 
provides tools to “fly 
through” the earthquake 
zone and get a better 
perspective on the event and 
the impacts to the highway 
infrastructure.



In GoogleEarth, other types of real-
time data can be brought in.  For 
example, traffic speed data may help 
verify whether or not a bridge flagged 
“red” in ShakeCast is actually damaged.



Traffic camera data (if streaming) can 
also be used as another way to check 
the ShakeCast information.



ShakeCast automatically generates 
shapefiles that can be used in ArcView
products to create report-quality 
maps.



ShakeCast automatically generates 
Excel spreadsheets with the bridge 
data for use in other processes.



Geology Engineering Judgment

Faults

Strong Motion Data

Vulnerability Modeling

Caltrans Bridge Data

ShakeMap Bridge Fragility

ShakeCast

ShakeCast analyzes measured ground 
motions from ShakeMaps against 
bridge fragilities stored in the system.



1900 instruments 
deployed statewide

CISN communications 
backbone consists of five 
T1 links

California Integrated Seismic 
Network (CISN) ShakeMaps are generated from a 

statewide array of strong motion 
sensors processed by CISN.



1994 Northridge Earthquake (Magnitude 6.7)
Ground shaking isn’t uniformly 
distributed around the epicenter.  
ShakeMaps provide more useful 
information to responders.

Presenter
Presentation Notes
Prior to the 1994 Northridge earthquake USGS was putting out magnitude and locations of earthquakes as rapidly as possible, typically, a few minutes to tens of minutes after an earthquake. That does not provide much situational awareness. However, after the Northridge earthquake we had the opportunity to improve the seismic network in southern California, enabling us to go beyond epicenter and magnitude to a color-coded map of the distribution and intensity of shaking, a “ShakeMap” (transition to next slide)… 



 Bridge fragility method is based upon work 
originally published by Basöz and Mander.

 Method was implemented in FEMA’s HAZUS-MH 
software.

 Uses data from National Bridge Inventory (NBI) as 
inputs:
◦ Year built
◦ Year improved or retrofit
◦ Angle of skew
◦ Bridge type
◦ Number of spans
◦ Maximum span length
◦ Total bridge length
◦ Deck width

50% probability 
of exceedance

Minimum 
“trigger floor”



HAZUS Damage 
State

Definitions of HAZUS Damage States (FEMA 
2009)

ShakeCast 
Inspection Priority

Definition of ShakeCast Inspection 
Priority

Complete (ds5) ds5 is defined by any column collapsing and 
connection losing all bearing support, which may 
lead to imminent deck collapse, tilting of 
substructure due to foundation failure.

High High Priority for full engineering 
assessment

Extensive (ds4) ds4 is defined by any column degrading without 
collapse – shear failure - (column structurally 
unsafe), significant residual movement at 
connections, or major settlement approach, 
vertical offset of the abutment, differential 
settlement at connections, shear key failure at 
abutments.

Medium-High Medium-High Priority for full engineering 
assessment

Moderate (ds3) ds3 is defined by any column experiencing 
moderate (shear cracks) cracking and spalling
(column structurally still sound), moderate 
movement of the abutment (<2"), extensive 
cracking and spalling of shear keys, any 
connection having cracked shear keys or bent 
bolts, keeper bar failure without unseating, rocker 
bearing failure or moderate settlement of the 
approach.

Medium Medium Priority for full engineering 
assessment

Slight/Minor 
(ds2)

ds2 is defined by minor cracking and spalling to 
the abutment, cracks in shear keys at abutments, 
minor spalling and cracks at hinges, minor spalling 
at the column (damage requires no more than 
cosmetic repair) or minor cracking to the deck

Low Low Priority for full engineering 
assessment; quick visual inspection likely 
sufficient.  (1.0 second peak spectral 
acceleration exceeds 0.10g.)

None (ds1)



 Filemaker Pro 
software is used to 
calculate bridge 
fragility 
parameters.

 Calculations are 
revised annually as 
the bridge 
inventory changes.

 New fragility 
parameters are 
ported to the 
ShakeCast MySQL 
database annually.



 350+ current subscribers to ShakeCast
◦ Structures Maintenance & Investigations
◦ Earthquake Engineering
◦ Post EQ Investigations Team
◦ Structures Construction
◦ Geotechnical Services Office Chiefs
◦ Traffic Management Centers
◦ Mid/Upper Caltrans Management

 ShakeCast is now an integral component of 
Caltrans’ response protocol



Response exercise in Southern CA used 
ShakeCast to carry out the scenario.



ShakeCast identified the 
only bridge damaged in 
this event as the 3rd highest 
priority for inspection.



ShakeCast identified the 
only bridge damaged in 
this event as the top 
priority for inspection.
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