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~ RICE  Motivation
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Post earthquake emergency response

* Where do we expect the most extensive damage?

* Where should we send emergency responders?

* (Can we better guide the bridge inspection process?

Resilience of transportation networks
* Improve the recovery effort
* Prioritize the retrofitting strategies
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ShakeCast analyzes measured ground motions from Shake maps
against bridge fragilities stored in the system




%" RICE Fragility Curves
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Conditional probability of a structure
meeting or exceeding certain level of
damage (LS) given a particular level of
ground motion (IM)
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Challenges
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Caltrans 2017

. More than 24,000 bridges
« Vary in age, location, number of spans, frame system,

number of columns & column cross-section
 Significant uncertainty



Research tasks

Research
tasks
Grouping of Generation of Bridge-specific
bridge classes fragility curves fragility curves
. Peﬁormancg « Uncertainty « Machine learning
based grouping quantification techniques
Most reliable «  Fragility - Sensitivity
grouping methodology analysis

methodology




RJCE Bridge Classes for Fragility Analysis
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Modeling detail A -~~~ 7~~~

Transverse beam element (rigid)

/’ Seat-type abutment

Elastic deck element
f

Expansion joint
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springs for abutment actions

W L Zero-length horizontal ~ Fiber-type displacement-based—,

beam-column element

Zero-length springs for
bearing, pounding, and shear key
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1. Rocker bearing

2. Elastomeric pad

1. Abutment piles

A=25mm

2. Friction surface

Abutment types

Bearin es
Bearing'/\
—W—
Deck node
@

Modeling detail A

Shear key

Abutment backfill

Pounding between
backwall and deck

Abutment

wall node Bi-directional abutment

(abutment piles or
friction surface)

Layout of spring connections for abutments
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Sensitivity Study

Suppose each possible combination of bridges

|

Using Latin Hypercube method, select 30 ground motions

v

Analyze each bridge configuration in OpenSees for the

Conduct a separate analysis of variance
(ANOVA) to evaluate the sensitivity of
each component to the variation in
bridge configurations.

selected 30 ground motions
¢ Modeling detail A -~~~ ~~_

Integral abutment .7 Seat-type abutment
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Expansion joint
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Ab backfill 1. Rocker bearing 2. Elastomeric pad Pounding model
Bearing types

friction surface)
Layout of spring connections for abutments
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Abutment types ! vackwalland dec (abutment piles or 1
I
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Performed  Fischer = Method on
ANOVA output to group the bridge
configuration which have similar
effects on the response (e.g. column

Collect output of interest including curvature ductility,
seat displacement abutment active/passive/transverse
displacement etc.

ductility). l

http://en.wikipedia.org/wiki/M%26M%27s
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/N RICE Proposed Grouping

N

All Bridges Each Bridge
Perform The Performs
Same (one Different
bridge class) (24,000+
bridges)
HAZUS (Concrete) Performance-based
« 2.5 Classes grouping approach
- ~3 Adjustments (129 classes for
box girder bridges)
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Research tasks

Research
tasks

* Performance
based grouping

Uncertainty * Machine learning

quantification techniques
*  Mostreliable Fragility - Sensitivity
grouping methodology analysis

methodology



2\ RICE Uncertainty quantification

Uncertain input variables

Ground

10N
Others “
Uncertainties

Structural

Geometrlc




Fragility Framework
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Fragility Curves
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RICE Situational Awareness
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Caltrans ShakeCast Server (C)
<Loren. Tarneri dot.cagov>

To Caltrans-ShakeCastAdmingidot.ca gov

051002008 11: 18 AM <of =
Bridge Assessment Summary
Caltrans shakecast Prefiminary| VI@XimMum Peak 1.0 sec Spectral Acceleration: 188.76%qg
e e e Ml@ximum Acceleration: (not measured)
Ca:bmna Integrated Seismic Network (CIS;'I‘N .
i e emers | | Otal nUMber of bridges assessed: 3133
Summary by inspection priority:
CISN ShakeM - . . . - -
mwcar i uel High 119 High Priority for full engineering assessment
156 Medium-High Priority for full engineering assessment
152 Medium Priority for full engineering assessment
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
) Bridge A Inspection Spectral Exceedance
Bridge Name Number Dist-Cty-Rte-PM Priority Acceleration Ratio
1238 122° (g)
WY s U 9 .73 O T REAERE Y MY Ralston Avenue OC 350114 04-SM-101-9.55-BMT 105.3903 2,934
T e e e Via Del Oro OH 37 0477L 04-SCL-085-1.22-8JS 49.2711 2472
s cor sl vasal soas smsa]_ssn s | San Mateo-Hayward Bridge 35 0054 04-SM-092-R14 44-FSTC 496514 2.167
e Sy Constitution Way OC 33 0513K 04-ALA-260-R 86-ALA 68.2755 1.415
s e g Meridian Road Underpass 37 0258 04-SCL-280-R3.89-SJS 59.9229 1.122
Name: (Unamed Event. Version COMns INSIALIKS: et Campbell Underpass 370135 04-SCL-017-12.22-CMB 70.2112 1.087
1D Coma, Prst sdle T East Hillsdale Blvd OC 350138 04-SM-101-11.15-SM 68.3762 1.071
Locaton: 7 km NNE otAplos CA Goovoéammnhs ShakeCast Bridge Assessment
Lot 3704 o o o e, oSt i ey Redwood Creek 350145 04-SM-101-6.2-RDWC 61.0924 1.064
e o 101800040 GuT UEGE Rasttioa Excheuala Sfobb-Approach Lower Deck 34 0118R 04-SF-080-4.95-SF 33.2578 1.057
pridge Assessmant Summany - iicssi, Holly Street OC 350037 04-SM-101-8.4 65.904 1.048
?«fﬂ%ﬁ%%ﬁ“ﬁ’ Route 13/80 Separation (North) 33 0191G 04-ALA-013-13.92-BER 66.6766 1.046
Mo ez High Prorky o il anginoaring sssossment Race Street Overcrossing 37 0260 04-SCL-280-R3.76-SJS 59.9229 1.045
107 Modium-High Priority for full anginearing assessmant L .
106 Mecum Priorty for Sl enginaering assessment ) Presidio Viaduct 34 0019 04-SF-101-9.14-SF 68.3123 1.035
Low 1795 Low Priority for full quick likaly sufficient.
T e South Delaware Street UC 35 0156L 04-SM-092-R11.61-SM 35.1822 1.030
ridge Assessmen alls
South Delaware Street UC 35 0158R 04-SM-092-R11.61-SM 35.1822 1.030
Bridge
Bridgs Name BGs oM Powell Street UC 33 0020 04-ALA-080-3.79-EMV 66.6766 1.020
Ralston Avenus OC 350114 04-51-101.0.55.8MT Redwood Harbor Overhead 35 0065 04-SM-101-5.5-RDWC 56.8606 1.018
SenMsleotapeiBidge 35008 OLSMORRIEFSTC Macarthur Avenue OC 37 0100 04-SCL-280-L5.18-SJS 54.4613 1.012
it 708 odscLosmmes N101-S84 Connector OC 35 0081G 04-SM-101-5.39-RDWC 56.8606 1.009
CammedOC 018 OLSMAOTALIOOM N17-N85 Connector Separation 37 0515G 04-SCL-017-9.24-LGTS 86.2137 1.008
StoApriah LowseDock  3401R  OLSPOBOAGOE San Francisquito Creek 350013 04-SM-101-.01 56.3678 1.007
Holy Street OC 350037 04-SM-1018.4
N&S87-S280 Connector
Route 13/80 Separation (North) 33 0191G 04-ALAD13-13.92-BER
o Smtomnony | n orscimorareen Separation 37 0396H 04-SCL-087-5.1-8JS 50.5564 1.001
SonDunvwsStmiUC  JEOIGOL  OFSMORaRI1.oloM Blossom Hill Road OC 37 0345 04-SCL-082-R 35-SJS 494998 0.951
i e i1 N Tah A TR Harkins Slough Road OC 36 0089 05-SCR-001-R2.27-WAT 56.0768 0.938
Nl Afdrcc. (58 3 wioh S 0CAGL MoK (38 Sunol Street Rr UC 37 0263L 04-SCL-280-R3.41-SJS 52.8878 0.909
MIZARS i Sopeion T 10 000 SR Sunol Street Rr UC 37 0263R 04-SCL-280-R3.41-SJS 52.8878 0.909
o0 Comacia 370%6H  04SCLOBT-51-5U8 Winchester Boulevard OC 370195 04-SCL-280-4.57-SJS 55327 0.898
simelainlin SR o S roepostisgarsy Lincoln Avenue UC 37 0262L 04-SCL-280-R3.51-SJS 52.8878 0.896
g S I o | South Gilrov OH 37 03051 04-SCL-101-R5 1 43 2728 0896




RICE Future Enhancements

Artificial Neural Network

Mangalathu, S., Jeon J-S., DesRoches, R., "Critical Uncertainty Parameters Influencing
Seismic Performance of Bridges ", Earthquake Engineering and Structural Dynamics (under
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