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Scope 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

Phase 2 (Started September 2016 - Ongoing)

I. Final development and implementation of 
ShakeCast-OK

II. Update response protocol to incorporate 
ShakeCast-OK

III. Update Response Plan and 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 I

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



Smart Inspection Radii – Overview

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

DEMAND

<

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

CAPACITY



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 I



Capacity – 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
Trigger 
Value

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



Prioritizing Bridge Inspection:  
Higher priority for fracture 
critical, structurally deficient, 
and variable skew bridges.  

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



Demand – Ground 
Motion Intensity

USGS provides maps of 
ground-motion intensity 
after an earthquake

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

5.56% 
Trigger Value



Demand –
Ground Motion 
Prediction

Campbell (2003) 
tends to over 
predict ground 
motions

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



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

Calibrated Campbell (2003) 
Ground Motion Prediction 
Equation (GMPE) for Oklahoma 
station data – Magnitude of the 
earthquake plus the bias factor 
yields the best fit to the station 
data



Demand –
Attenuation 
Curves

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

5.56% 
Trigger Value



• Combining capacity and demand analysis gives the proposed inspection radii

Smart Radii 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 I



ShakeCast-OK Cost/Benefit Analysis
Phase 1 - Task II

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 III



 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

The intent of the manual is to:

 Prepare personnel to properly assess and 
report bridge earthquake damage

 Define personnel qualifications, 
responsibilities, and recommended 
equipment

 Discuss inspection personnel safety

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

 Define basic bridge terminology; illustrate 
common bridge types and components

Field Inspection Manual
Phase 1 - Task III



Field Inspection Manual
Phase 1 - Task III

Stage 1 Inspection

• Completed immediately after an earthquake 
for assigned bridges

• Quick, accurate ground level safety evaluation

• Categorize bridges as:

 Green – Safe

 Yellow – Minor damage

 Red – Bridge Closed



Field Inspection Manual
Phase 1 - Task III

Stage 2 Inspection

• Initiated when “Further Evaluation Required” requested by Stage 1 inspector

• Team typically deployed within 8 hours or less

• “Hands-on” assessment, requiring specialized access

• May only include portions of the bridge

• Categorize bridges as:

 Green – Safe

 Yellow – Minor damage

 Red – Bridge Closed



Field Inspection Manual
Phase 1 - Task III

Stage 3 Inspection

• Specialized assessment

• Focus is restoring service to closed or otherwise 
restricted bridge

• “Hands-on” assessment, requiring specialized 
access

• Team comprised of:

• Structural Engineer

• Geotechnical Engineer

• Certified Bridge Inspector



Field Inspection Manual
Phase 1 - Task III
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Field Inspection Manual
Phase 1 - Task III



Draft Earthquake Response Plan
Phase 1 - Task IV

The intent of the response plan is to:

 Educate personnel on earthquake fundamentals and 
Oklahoma seismicity

 Provide a clear & concise earthquake response protocol

 Define levels of response & stages of inspection

 Outline minimum qualifications and training for response 
personnel

 Provide guidance on temporary shoring and repair techniques 



Training – Stage 1

Phase 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 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

Organization -
Eight Field Divisions and a 

Central Office



Training – Stage 2

Phase 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 200 NBIS & ODOT certified bridge inspectors 
received training during ODOT’s Annual QCQA Workshop.



Seismic Review of Three Bridges
Phase 1 – Task VI

 I-35 over Canadian River 
(top)

 I-35 over Cimarron River 
(bottom right)

 SH-11 over I-35          
(bottom left)



Seismic Review of Three Bridges
Phase 1 – Task VI

Key findings:

 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 VII



ShakeCast-OK
Phase 2 – Task I



ShakeCast-OK
Phase 2 – Task I

Test of Oklahoma ShakeCast 
based on M5.8 in Pawnee, OK
Note: Report includes 
Oklahoma 5 Digit NBI No., Str. 
No., & location



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 I

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

Old Protocol (50 miles): 366 bridges

Interim Protocol (30 miles): 167 bridges

ShakeCast: 38 bridges




