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The ProblemThe Problem

“Main impact of DC earthquake seems to 
be that the happy hour start time moved up 
about 4 hours for most people.” - Twitter

“They felt the earthquake at Martha's 
Vineyard. It was so bad, President Obama 
nearly missed a putt.” - David Letterman
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Resources and ResearchResources and Research



Scope of WorkScope of Work

Phase 1 (May 2015 through August 2016)
I. Interim Post-Earthquake Bridge Inspection Protocol

II. ShakeCast-OK Cost/Benefit Analysis

III. Field Inspection Manual

IV. Draft Earthquake Response Plan

V. Training

VI. Seismic Review of Three Bridges

VII. Meetings and Senior Staff Briefings



Scope of WorkScope of Work

Phase 2 (Started September 2016 - Ongoing)
I. Final development and implementation of ShakeCast-OK

II. Updating of post-earthquake bridge inspection protocol to incorporate 
ShakeCast-OK

III. Updating of Earthquake Response Plan and Post-Earthquake Bridge 
Inspection Manual to incorporate ShakeCast-OK

IV. Training 
a) Stage 3 Inspection training

b) ODOT management training 

V. Monthly progress meetings



Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I

Goal - Build on and refine current ODOT protocol; move to 
“Smart Inspection Radii” approach



Smart Inspection Radii – OverviewSmart Inspection Radii – Overview

• Within what distance from the earthquake epicenter do we expect demand 
to exceed capacity?

DEMANDCAPACITY

<

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



Capacity – Fragility 
Curves
Capacity – Fragility 
Curves

Interpretation: For a given 
level of shaking, what level 
of damage is expected?

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



Capacity – Fragility CurvesCapacity – Fragility Curves
• HAZUS gives fragility curves for “standard bridges” adjusted for:

o Year built

o Number of spans

o Skew angle

o Main span material

o Total bridge length

• Inspection deemed necessary for S1 > 5.56%g

o Input from Caltrans (California DOT)

o Comparison of CA to non-CA bridges in HAZUS

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



Demand –
Ground Motion 
Intensity

Demand –
Ground Motion 
Intensity

USGS provides maps of 
ground-motion intensity 
after an earthquake

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



Demand –
Ground Motion 
Prediction

Demand –
Ground Motion 
Prediction

Campbell (2003) 
tends to over 
predict ground 
motions

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



Demand – Attenuation CurvesDemand – Attenuation Curves

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



• Combining capacity and demand analysis gives the proposed 
inspection radii

Radius Based Inspection Protocol

Radius increased at discretion of Division Engineer; 
i.e. to account for  USGS location uncertainty

Interim Post-Earthquake Bridge Inspection Protocol
Phase 1 - Task IPhase 1 - Task I



ShakeCast‐OK Cost/Benefit Analysis
Phase 1 ‐Task IIPhase 1 ‐Task II

ShakeCast –Web‐based application developed by USGS and Caltrans for 
situational awareness following an earthquake.
ShakeCast –Web‐based application developed by USGS and Caltrans for 
situational awareness following an earthquake.

Benefits:

 Improved ground‐motion prediction

 Reduction in frequency of triggered responses

 Less bridges flagged for inspection than with radius based protocol

 Automated inspection prioritization

 Streamlined inspection mobilization

Costs:

 Installation and hosting costs

Maintenance and upkeep



Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III



 Discuss inspection personnel safety

 Establish inspection procedures and provide clear guidance on what 
to look for

Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III

The intent of the manual is to:

 Prepare personnel to properly assess 
and report bridge earthquake damage

 Define personnel qualifications, 
responsibilities, and recommended 
equipment



 Illustrate typical examples of post‐earthquake bridge damage

 Provide standard post‐earthquake inspection forms

 Define and describe stages of response

 Describe appropriate inspection follow‐up actions

Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III

The intent of the manual is to:

 Define basic bridge terminology; 
illustrate common bridge types and 
components



Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III
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Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III



Field Inspection Manual
Phase 1 ‐Task IIIPhase 1 ‐Task III



Draft Earthquake Response Plan
Phase 1 ‐Task IVPhase 1 ‐Task IV

The intent of the response plan is to:

 Educate personnel on earthquake 
fundamentals and Oklahoma specific 
seismicity

 Provide a clear and concise earthquake 
response protocol for Oklahoma bridges

 Define the levels of response and stages 
of inspection

 Outline minimum qualifications and 
training for post‐earthquake inspection 
personnel

 Provide guidance on temporary shoring 
and repair techniques 



Training – Stage 1
Phase 1 ‐Task VPhase 1 ‐Task V

Learning Outcomes:

 Understand ODOT’s Post‐Earthquake Bridge Inspection Manual 

 Define the qualifications and role of the Stage I inspector

 Define basic bridge terminology and identify Oklahoma common bridge 
types and components

 Describe ODOT’s 
Stage I inspection 
process

 List safety concerns 
for post‐earthquake 
inspections



Training – Stage 1
Phase 1 ‐Task VPhase 1 ‐Task V

ODOT Division or Other Agency Training Date Start Time Finish Time
# Participants

ODOT Other Total

ODOT Division 4 June 22, 2016 8:00 a.m. 11:30 p.m. 29 24 53

ODOT Division 3 July 13, 2016 10:00 a.m. 3:00 p.m. 21 0 21

ODOT Division 5 July 27, 2016 8:30 a.m. 12:00 p.m. 22 0 22

ODOT Division 1 August 17, 2016 8:30 a.m. 12:00 p.m. 29 6 35

ODOT Division 8 Session 1 August 18, 2016 8:30 a.m. 12:00 p.m. 52 0 52

ODOT Division 8 Session 2 August 18, 2016 1:00 p.m. 4:30 p.m. 24 2 26

ODOT Division 7 August 25, 2016 8:00 a.m. 11:30 a.m. 24 20 44

ODOT Division 6 September 15, 2016 9:00 a.m. 12:30 p.m. 28 4 32

ODOT Division 2 Session 1 September 22, 2016 8:00 a.m. 11:30 a.m. 17 17 34

ODOT Division 2 Session 2 September 22, 2016 1:00 p.m. 4:30 p.m. 16 5 21

Oklahoma Turnpike Authority September 22, 2016 1:00 p.m. 4:30 p.m. 0 37 37

USACE Tulsa September 22, 2016 1:00 p.m. 4:30 p.m. 0 18 18

Totals 262 133 395



Training – Stage 2
Phase 1 - Task VPhase 1 - Task V

Learning Outcomes:

 Understand ODOT’s Post-Earthquake Bridge Inspection Manual 

 Define the qualifications and role of the Stage II inspector

 Describe ODOT’s Stage II inspection process

 List safety concerns for post-earthquake inspections

Approximately 180 
NBIS & ODOT 
certified bridge 
inspectors received 
training during 
ODOT’s Annual QCQA 
Workshop.



Seismic Review of Three Bridges
Phase 1 – Task VIPhase 1 – Task VI

 I-35 over Canadian River

 I-35 over Cimarron River

 SH-11 over I-35



Seismic Review of Three Bridges
Phase 1 - Task VIPhase 1 - Task VI

Site specific structural analysis of each bridge:

 Estimate seismic fragility per HAZUS fragility 
values (FEMA, 2003).

 Review design plans and develop analytical 
models of bridge components.

 Construct a detailed non-linear finite (FE) 
element model.

 Establish capacities of the concrete columns 
(flexural) and bearings (deformation) 
incorporating inspection condition data.



Seismic Review of Three Bridges
Phase 1 – Task VIPhase 1 – Task VI

Site specific structural analysis of each 
bridge (cont’d):

 Perform time-history simulations 
with FE model for five ground 
motions (applied longitudinally and 
transversely) matched to a:

 7% probability of exceedance in 75 
years response spectrum.

 2% probability of exceedance in 50 
years response spectrum.

 Compare results of time-history 
simulations to established capacities 
to identify potential weak points in 
the structure. 



Seismic Review of Three Bridges
Phase 1 - Task VIPhase 1 - Task VI

Geotechnical Evaluation

 Site specific seismic analysis

 Site hazards including potential for liquefaction, lateral spreading 
and landslides

 Assessment of foundation elements and their lateral resistance 
capacity to meet the seismic demand

 Seismic stability of bridge abutment slopes/retaining walls



Seismic Review of Three Bridges
Phase 1 – Task VIPhase 1 – Task VI

Key findings from seismic reviews:

 Validation of S1 trigger values

 Very low potential for liquefaction

 Bearings are most vulnerable to 
damage

 Transverse loading most critical

 Cost per bridge for site specific 
analysis:

 $21k for geotechnical 

 $15k for structural 



Meetings and Senior Staff Briefings
Phase 1 - Task VIIPhase 1 - Task VII



ShakeCast-OK
Phase 2 – Task IPhase 2 – Task I



M5.6 - Prague, OK (Nov 6, 2011)

Old Protocol (50 miles): 772 bridges

Interim Protocol (30 miles): 189 bridges

ShakeCast: 32 bridges

ShakeCast-OK
Phase 2 – Task IPhase 2 – Task I



M5.8 - Pawnee, OK (Sept 3, 2016)

Old Protocol (50 miles): 366 bridges

Interim Protocol (30 miles): 167 bridges

ShakeCast: 38 bridges

ShakeCast-OK
Phase 2 – Task IPhase 2 – Task I



Questions?Questions?

Gregg Hostetler, PE
ghostetler@go-iei.com

(405) 227-0531


