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ShakeCast Overview

» Project History

» What is it?

» What does it provide to responders?
» How does it work?

» How has Caltrans benefitted?
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History

» 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
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Project Details

» 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.




ShakeCast

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 safety
Aid routing of emergency vehicle traffic
Re-establish critical lifeline routes.

Pursued development of ShakeCast to aid in post-EQ response.
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ShakeCast

» Provides situational awareness after an
earthquake.

» Represents the most reliable information
within the first minutes to hours following an

event.



Presenter
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).



System Overview




ShakeCast Technologies

» Developed using
open-source tools:
- WAMP stack

- Windows (Server 2003)
- Apache
- MySQL
© PHP
> Perl
o Javascript
> RSS
- GoogleMaps API

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




ShakeCast Products

» Email notification

» ShakeCast Website

» GoogleEarth products
» Other products
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Email Notifications

» 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.
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Caltrans ShakeCast Preliminary Earthquake Bridge Impact Report

This report supersedes any earlier reports about this event. This is a computer-generated message and
has not yet been reviewed by an Engineer or Seismologist. Information about the epicenter, magnitude,
location, date, and time are provided by the California Integrated Seismic Network (CISN). The analysis
of potential bridge damage in this report is based upon an initial ShakeMap (unverified) and estimated
fragilities for Caltrans bridges. Bridge fragility models were adopted from HAZUS and Basoz & Mander
(1999). This report is intended to be used as a first response tool to assist in identifying Caltrans bridges

most likely impacted by the event.







Event Summary

Mame: (Unnamed Event) , Version 1
Magnitude: 6.9

|D: Loma_Prieta_scte-1

Location: 7 km MME of Aptos, CA
Latitude: 37.04

Longitude: -121.88

Time: 1989-10-18 00:04:00 GMT

Downloads & Resources

Caltrans Intranet Links: iCaltrans ShakeCast Intranet
Caltrans ShakeMap Products

GoogleEarth KNL files: shakeCast Bridge Assessment
(save to your computer 85 & KML file Statewide Brdge Inventory
and open with GoogleEarth) Caltrans Real-time Traffic

USGS Realtime Earthguakes







Bridge Assessment Summary

Maximum Peak 1.0 sec Spectral Acceleration: 188.76%g

Maximum Acceleration: (not measured)

Total number of bridges assessed: 2133

Summary by inspection priority:

High 19 High Priority for full engineering assessment

156 Medium-High Priority for full engineering assessment
152 Medium Priority for full engineering assessment

Low 2706 Low Priority for full engineering assessment; quick visual inspection likely sufficient.
Bridge Assessment Details
Bridges presented in the table below are sorted in order of severity of impact to bridges.

1sec Peak
i i Spectral
Bridge Name 3:;%‘; Dist.Cty-Rte-Pl '";':;ﬁ;:" P et E“;:fi:"ce
(%g)
Ralston Avenue OC 35 0114 04-SM-101-9.65-BMT 105.3903 2934
Via Del Oro OH 37 0477L 04-SCL-085-1.22-SJS 49271 2472
San Mateo-Hayward Bridge 35 0054 04-SM-092-R14 44-FSTC 496514 2167
Constitution Way OC 33 0513K 04-ALA-260-R.B6-ALA 68.2755 1415
Meridian Road Underpass 37 0258 04-SCL-280-R3.89-SJS £9.9229 1.122
Campbell Underpass 37 0135 04-SCL-017-12.22-CMB 70.2112 1.087
East Hillsdale Blvd OC 35 0138 04-SM-101-11.15-SM 68.3762 1.071
Redwood Cresk 35 0145 04-SM-101-6.2-RDWC 61.0924 1.064
Sfobb-Approach Lower Deck 34 0118R 04-SF-080-4.95-5F 33.2578 1.057
Holly Street OC 35 0037 04-SM-101-8.4 65.904 1.048
Route 13/80 Separation (North) 33 0191G 04-ALA-013-13.92-BER 66.6766 1.046
Race Street Overcrossing 37 0260 04-SCL-280-R3.76-SJS 59.9229 1.045
Presidio Viaduct 34 0019 04-SF-101-9.14-SF 68.3123 1.035
South Delaware Street UC 35 0158L 04-SM-092-R11.61-SM 35.1822 1.030
South Delaware Strest UC 35 0158R 04-SM-092-R11.61-SM 35.1822 1.030
Powell Street UC 33 0020 04-ALA-080-3.79-EMV 66.6766 1.020
Redwood Harbor Overhead 35 0065 04-SM-101-5.5-RDWC 56.8606 1.018
Macarthur Avenue OC 37 0100 04-SCL-280-L5.18-SJS 54.4613 1.012
N101-S84 Connector OC 35 0081G 04-SM-101-5.39-RDWC 56.8606 1.009
NA7-NB5 Connector Separation 37 0515G 04-SCL-017-9.24-LGTS 86.2137 1.008
San Francisquito Creek 35 0013 04-5M-101-.01 55.3678 1.007
| gz&psaar;iian Connector 37 0396H 04-SCL-087-5.1-SJS 50,5564 1.001

Blossom Hill Road OC 37 0345 04-SCL-082R.35-8JS 49.4998 0.951
Harkins Slough Road OC 36 0089 05-SCR-001-R2.27-WAT Medium-High ~ 56.0768 0.938
Sunol Street Rr UC 37 0263L 04-SCL-280-R3.41-SJS Medium-High =~ 528878 0.909
Sunol Street Rr UC 37 0263R 04-SCL-280-R3.41-SJS Medium-High =~ 528878 0.909
Winchester Boulevard OC 37 0195 04-SCL-280-4 57-5JS Medium-High 55.327 0.898
Lincoln Avenue UC 37 02621 04-SCL-280-R3.51-8JS Medium-High 528678 0.896
South Gilrov OH 37 03051 04-SCL-101-R6 1 Medium-High 432723 0896




Responders can use the link in the
email to go to the ShakeCast website




2 bsite offers different ways to
e bridge data using maps,
or a combination of both.
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System Administration

» 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.

Upload
<

Mozilla Firefox

Ele Edt View History Bookmarks  Tools  Help
@ ~ & X & | [ hetpi10.180.173. 168 acminfindex. php?admin=1&sid=t.2e43556cd52 1 33e047c7al 55750102 77 -
+.; Loading... +

Welcome to ShakeCast Administration

Thank you for choosing ShakeCast as your emergency response solution. This screen will give you a quick overview of all the
various stakistics of your ShakeCast system. You can get back to this page by clicking on the Admin Index link in the |eft pane
Ta return to the index of your ShakeCast, click the logo also in the Ieft pane, The other links on the left hand side of this sereen
will allow you ta cantrol every aspect of your system, Each screen will have instructions on how to use the toals.

Adrmin Index

Server Statistics
ShakeCast web

Preview ShakeCast

Upstream Server: earthquake.usgs.gov

General Admin Last Accessed: 2010-04-19 13:17:50
Backup Database Error Count: 0
Configuration Server Status

Log Wiswer

Mass Email ShakeCast System Activities:

[Update Chart]

Daily ShakeCast Activities

Restore Datahase

[Rotate Logs] [ [ ‘ [
shakeMap Server 2000
- ' TTILL L LLL LT -
System Service S 1500
Task Repeater &3 1000 — -
Ternplate w0
0
Event Admin 04/1801h 0418060 0418 11h 04118 160 0411821h 04(19000
Processed Event = notify m notifyqueue mpolld rssd
Test Event mdispw mdispd error m system

USGE ShakeMap System Services:
[Start | Stop]

Database size: 124.75 MB

Facility Admin

Management

Darnage Level
Latest Processed Event: 10622405 (Version 1)

NSA

Facility Type

Supplemental Attribute Delivery Timestamp:

upload
Profile Admin
Management Version Information

Motification Request

| Yaur installation is up to date, no updates are availsble for yaur version of ShakeCast,
>

Eorthe latest information on undates to Shakecact goto 1202 ShaleCoct web cite




GoogleEarth and ShakeCast




GoogleEarth and ShakeCast




GoogleEarth and ShakeCast




GoogleEarth and ShakeCast




ShakeCast automatically generates

shapefiles that can be used in ArcView
products to create report-quality
maps.
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EE| Sources Connections All Columns Duplicates = Iy

Get External Data Connections Sort & Filter Data Tools Cutline F
126 - (> # | UNKNOWN E
A B C D E F G H | 1 K L Iy

1 FACILITY_TYPE FACILITY_ID FACILITY _MNAME LATITUDE LOMNGITUDE INSPECTION MM PGA PGV P5A03 PSAL0 P5A30

2 |BRIDGE 500218 Wheeler Ridge Road OC 349861  -118.9456 YELLOW 9 23.69 99.06906 28.77 47.03 UNKNOWN
3 |BRIDGE 530111 Bassett OH 34.0683 -117.9767 YELLOW 100 40.48 205.5618 51.61 51.6 UNKMOWRM
4 BRIDGE 530112 Big Dalton Wash 34.07  -117.9683 YELLOW 10 4048 205.5618 51.61 51.6 UNKNOWMN
5 |BRIDGE 530329 Eaton Wash 34.0983  -118.0733 YELLOW 10 38.11 184.9575 53.68 55.38 UNKNOWN
6 BRIDGE 530571L Rubio Wash 34.0717 -118.075 YELLOW 10 38.11 184.9575 53.68 55.38 UNKNOWRN
7 BRIDGE 53 0571R Rubio Wash 34.0717 -118.075 YELLOW 10 38.11 1e64.9575 53.68 55.38 UNKNOWMN
g BRIDGE 53 0666 Puente Ave UC 34.07 -117.96 YELLOW 10 40.48 205.5618 51.61 51.6 UNKMNOWRM
9 BRIDGE 53 0667 Cameron Ave UC 34.0717 -117.945 YELLOW 100 41.26 174701 55.35 60.91 UNKNOWRN

10 |[BRIDGE 53 0668 Sunset Ave UC 34.0733 -117.935 YELLOW 10 41.26 174701 55.35 60.91 UNKNOWMN

11 |BRIDGE 530771 Third Street UC 34.0333 -118.1817 YELLOW 9 18.85 97.676 27.92 25.09 UNKMOWRM

12 |BRIDGE 53 0867 East El Monte OH 34.0683 -118.0217 YELLOW 10 33.84 183.0013 37.94 5149 UNKNOWN

13 |[BRIDGE 531032 Garvey Ave Off-Ramp UC 34.065  -118.0083 YELLOW 10 38.08 207.4693 50.59 5447 UNKNOWMN

14 |BRIDGE 531043 Vincent Ave UC 34.0717 -117.925 YELLOW 9 27.97 112.7944 50.51 31.85 UNKNOWN

15 |BRIDGE 531115 Roxford Street UC 34,3033  -118.4783 YELLOW 9 21.71 84,9497 28.83 33.19 UNKNOWN

16 |[BRIDGE 531130 Brand Blvd UC 34,2733 -118.4483 YELLOW 9 23.36 874812 31.27 3475 UNKNOWMN

17 |BRIDGE 531131 San Fernando Mission B U 34.2767 -118.4517 YELLOW 9 21.71 84,9497 28.83 33.19 UNKNOWN

18 |BRIDGE 531132 Rinaldi Street UC 342783  -118.4533 YELLOW 9 21.71 84,9497 28.83 33.19 UNKNOWN

19 |[BRIDGE 531220 Chatsworth Dr UC 34,2733 -118.4483 YELLOW 9 23.36 874812 31.27 3475 UNKNOWMN

20 |BFiDE 221303 Parrancg Street 00 240717 -117.8817 YELLOW 9 23.01 814418 42.33 37.69 UNKNOWN

21 |BRIDGE 5314171 Avenue 5UC 34.5583 -118.13 YELLOW 100 o60.73 191.9317 115.33 75.17 UNKNOWRN

22 |BFIDSE HEMCrS bysaLe 5UC 34 L5E3 -118.13 YELLOW 10 e0.73 191.9317 115.33 75.17 UNKNOWMN

23 |[BRINDGE 53 14150 Rte 14/1343 Separation 34.53817 -118.1317 YELLOW 10 58.95 191.2057 145.53 65.04 UNKNOWMN

24 |BRIDGE 53 1419R Kte 14/138 sepaiation 345817 -118.1317 YELLOW 10 58.95 191.2057 145.53 65.04 UNKNOWRN

25 |BRIDGE 53 1440L Anaverde Creek 34,5733 -118.1317 YELLOW 10 58.95 191.2057 145.53 65.04 UNKNOWMN

26 |BRIDGE 53 1440R Anaverde Creek 34.5733  -118.1317 YELLOW 10 58.95 191.2057 145.53 ﬁS.MIUNKNOWN .I

27 |BRIDGE 53 1546 Ward Road OC 345017  -118.2283 YELLOW 9 30.62 79.985 70.71 36.11 UNKMOWRM

M 4k M| axposure Il

Ready ﬂ ==z e | =




Foundation for ShakeCast

ShakeCast

Bridge Fragility




California Integrated Seismic
Network (CISN)

1900 instruments CISN communications
deployed statewide backbone consists of five
T1 links

iy g N
Z3Ee

USGS  Caltech OES




1994 Northridge Earthquake (Magnitude 6.7)

O



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

» Bridge fragility method is based upon work
originally published by Bas6z and Mander.

» Method was implemented in FEMA’s HAZUS-MH

software.

» Uses data from National Bridge Inventory (NBI) as
I n p Uts 50% probability
o Year built V- of exceedance
> Year improved or retrofit itz ey

> Angle of skew

> Bridge type

> Number of spans

> Maximum span length
- Total bridge length
width




Bridge Fragility

HAZUS Damage Definitions of HAZUS Damage States (FEMA ShakeCast Definition of ShakeCast Inspection
State 2009) Inspection Priority  Priority

Extensive (ds4) ds4 is defined by any column degrading without Medium-High Medium-High Priority for full engineering
collapse — shear failure - (column structurally assessment
unsafe), significant residual movement at
connections, or major settlement approach,
vertical offset of the abutment, differential
settlement at connections, shear key failure at

abutments.
Moderate (ds3)  ds3is defined by any column experiencing Medium Medium Priority for full engineering
moderate (shear cracks) cracking and spalling assessment

(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.
Slight/Minor ds2 is defined by minor cracking and spalling to
(ds2) 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

None (dsl1)




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.

3 eMaker Pro Advanced - [Bridge Inventory
Iy Fie Edi View

Dhstructyp
Dhsurftype

Last Update  5728/2008

WUD‘.JJEI Erowse v| ‘
For Help, press F1

Insert Format Records Scripks  Tools  wWindow Help
heE-8&8v BES M PSS &
Browse
E%Alli' Bridge Data from SMART Bridge Design Assessment
SMART j BRKEY 96 0505 Materizlzppr 1 Material  Concrete
strucname  SANTA MARIA ROAD OC Desigrappr [ Design  Other
District 8
Ca RV Materizimain 1 Materisl  Concrete
-+ Rte 218 Designmain 2 Design  StringerMulti-beam or Girder
Record P R0O28.920
ET Location  08-RIV-215-R38.92-RIV NEI Clzs= 102 Vesrbuilt 1966
HAZUS Classification [if Conwertionsl) HWBE Yezrrecon [
Found:
12897 Length 543 HAZUS Classificstion [if Seismic) HWBT Rebuilt_widen_stc. dste 0
Total Facility  SANTA MARIA ROAD HAZUS Classificstion if no NI Class) Phase 1 As_Built retrofit date
25338 Festit ROUTE 215 HAZUS Classificstion (if Single Span) Phase 2 PS_E Retrofit Date )
Unsorted iroaduidth 12,5 HAZUS Classification [if Max Span=150m] Year of Most Recent Improvemert 1966
Designicad 6 Design_Live_Load  HS 20+Mod HAZUS Classification (if Max Span<20m) Seismic Design N
Lteurbsw 0
Rteurbsw 1.5 Location Data
Bt 144 swaRTLa 33.9483000 SMARTLen -117.3000000
R A3 Tasas latituce 339481940 Tasas longituds -117.3013900
e 2 Latitude Updated  33.0481940 Longitude Updated 1173013800
skew 0
Mainspans 2 B o
Formatted Bridge Name and Description
fppspans 2
Maxspan 33 Formatted Structure Name 56 0505 - SANTA MARIA ROAD OC
Bridge Description  2-span, Concrete; Stringerulti-beam or Girder
Lanes_on 2
Larmes_under 6 Owner  State
strflzred 0
Dkrating 7
suprating 7 HAZUS Fragility Calculations
Subrating 7 FINAL HAZUS Classification  HVWEIS
Culurating N Description  Multi-Col. Bent, Simple Support- Concrete
Ortype 1 K30 Equation  EQ1
Orload  47.9 k3o 1.250
irype 1 Ishape 0
Iload 288 Hskew 1.000
Sliig ¥ Bridge Fragility (%g)
Deckgeom B
Dhmembtype 0 1sec 38 Moderate .50 Modified 1 see 58 D2 10,00
Dhprctest D 1=ec SA Extensive 060 Modified 1 sec 58 DS3 62.50
1 1zec SM Complete 090 Modified 1 2 $A D54 75.00
1

Mot 1 520 4 0cs | NNBONEN




Caltrans-ShakeCast Usage

» 350+ current subscribers to ShakeCast
> Structures Maintenance & Investigations

- Earthquake Engineering
> Post EQ Investigations Team

o Structures Construction
- Geotechnical Services Office Chiefs

- Traffic Management Centers
- Mid/Upper Caltrans Management

» ShakeCast is now an integral component of
Caltrans’ response protocol

\



Golden Guardian
November 2008

Bridge Assessment Summary

T gleration; 27

Medium-High

Low Lowe Priority for full engineer it; quick visual inspection likely sufficient.

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




5.4 Chino Hills
July 2008

Bridge Assessment Summary

Maximum Peak 1.0 sec Spectral Acceleration: 34.7183%y

Maximum Acceleration: (not measured)

Total number of bridges assessed: 468

summary by inspection priority:

High [NULL| High Priority for full engineering ass

Medium-High |[NULL| Mediurm-High Priarity for full engines
[NULL| hledium Priority for full engineering

Low 4168 Low Priority for full engineering assd

Bridge Assessment Details

Bridges prezented in the table belowy are sorted in arder of severity of impact (exceedance ratio). The list includeg

ShakeCast identified the _ Bridge _
Bridge Name Dist-(
x = NMumber
53 2078 - wALLEY BLwD UC 53 2078 07 -LA
L il e L 53 2078k 07 -LA&
53 1158 07 -LA

52 07 7.1 A




7.2 Calexico
April 2010

ShakeCast iden
only bridge da
this event as th
priority for insg

Bridge Assessment Summary

Maximum Peak 1.0 sec Spectral Acceleration: 48.5782%y

Maximum Acceleration: (not measured)

Total number of bridges assessed: 219

Summary by inspection priority:

High [MULL| High Priority for full engineering assessment

Medium-High [NULL| Mediurn-High Priority for full engineering asses
[MULL| Wledium Priarity for full engineering assessmer

Low 219 Low Priarity for full engineering assessment; qf

Bridge Assessment Details

Bridges prezented in the table belowe are sorted in order of severity of impact (exceedance ratic). The lig)
Acceleration excesds 10% .

] Bridge .
Bridge Name Number Dist-Cty-Rte -PM
D A3 0274 11-IWP-095-22.02
0 027 o = RSB T ATIR 58 0275 11-IMP-0958-22.07
58 02121 - COYOTE WELLS OH 53 0212L 11-IMP-008-R13.97

88 0212R - COYOTE WELLS OH &8 I12R 11-IMP-008-R13.93






Presenter
Presentation Notes
For most of these products, there is more info online, and via Fact sheets. I have these here with me today, but again GOOGLE for a PDF
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