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Problem

Tools to assist Seismic Safety Evaluations 
and develop site specific design earthquakes

Implement Corps regulations and design 
practices

Maintain Corps corporate knowledge

Scope Design earthquakes - 3 Levels
MCE-MDE-OBE

National infrastructure –
Western and CEUS Tectonic settings

Needs



Problem

Limited Data Set

Distance, Magnitude,
Tectonic Setting, 
Source Type…...

Rely on Empirical Correlation and Analogous Data

Advanced Analysis Needs

Engineering Seismology Still Advancing

All Existing and New Data Needs To Be Used 

And Expedient



PROBLEM

Conservatism High

Remediation $$

Low

Social & Economic
Losses

As Owners of Large and Critical Structures

Need Best Estimates of Seismic Hazards and Level of Conservatism



APPROACH

Review and adopt relevant new developments

Access to integrated and current:

Data ( data driven process)
Procedures & relationships
Numerical tools
ER,  EM’s



Earthquake Source

Attenuate to Site

Site Response

Technical Objectives

Design Earthquakes

Times Histories

Response Spectra

Define

To Determine Site Seismic Hazard



Modular Design

Maintainable

Integrated Procedures and Tools

Implement Policy

Support Engineering Studies and R&D

Training

Technology Transfer

System Objectives

The System





Program 
Documentation

User Aids



Integrated Engineering Regulations 
and Manuals 



Determine Probabilistic Site 
Seismic Hazard



Site Probabilistic Seismic Hazard Curves

NEHRP USGS DATASET 1996





Query Dam for 
Disaggregation Data

Find Dam location by 
clicking on the map



Query for Faults



Success Dam

Display Fault Information



Deterministic Response Spectra

Attenuate Source to Site



Compute Attenuation Curve

Attenuate Source to Site



Show Historical Seismicity





Cascadia Subduction Zone



Nisqually Eqk



Nisqually Earthquake M=6.8 

Howard Hansen Dam

75 Km

50 Km



Howard Hanson Dam
Nisqually Earthquake Damage



88 km

73 km
49 km

Howard Hanson Dam



Howard Hanson Dam
Recorded Accelerations
PGA ( cm/s^2 )
103   Left Abut.
108   
88   Toe
32

549   Crest
1345

PGA

Comparison of Recorded to Predicted Accelerations 
for a Earthquake of this type, size, and location



Central & Eastern US
Seismic Source Zones



Seismic Source Zones



Krinitzsky, Chang, Nuttuli, 1987
Attenuation Curves and 
Recommended Accelerograms



Query for Analogous 
Records and View 

Time Histories



Access External Data Sources



Time History and 
Data Formatting Tools



Original                               Scaled                   Target Response Spectra

Landers Earthquake Joshua Tree Fire Station

Modify to match the Target Spectra



Dynamic Site Response (1D):
Modify Ground Motions for 

Site Conditions; 
Estimate Dynamic Shear Stresses



Compute 2-D Site Response

Quad4M Pre- Post- Processor





Compute 2-D Dynamic Site Response



Synthetics: Finite Fault Modeling



Synthetics: Floating Earthquake



Progress FY01

Database- External Link and Formatter for web databases 

Deagg Data - Deaggregation data now available for 600 Corps dams.
(Added 500+ dams this FY)

New Plotting Capabilities for Deagg Data of Corps Dams        

DSHA- updating CEUS source zones, Cascadia subduction zone

Updated ground motion attenuation relationships

Fault relationships, fault and earthquake database

Updated reference documents (PDF format )

Developed new and easier installation techniques 
for data and the program



Progress FY01

The “whole enchilada”  - continues

Time History and Spectra Toolbox

Spectral and time based scaling
Spectrum modification 
Acceleration corrections ( baseline) 
Facilitates one stop comparison of spectrum 

time history, and spectrum of  three spectra
Spectrum smoothing
Time history extraction

…………
………….



Training Platform for Prospect Course 
(Seismic Analysis: June of 98, 99 & 00)

Windows Version fielded

Technology Transfer

Seminar and Demo at EQEN II FOC Workshop

Presented the program at Corps Geotechnical 
Conference, Portland

Next Stop:
Corps Infrastructure Conference, Reno



Project Support

Districts Seismic Safety Evaluations
Vicksburg 
Sacramento 
New England ( 30 dams )
Albuquerque
Los Angeles
Portland
Tulsa (30 dams)

Porfolio Risk Assessments
Huntington



TASK | FY 95 96 97 98 99 00 01 02

Help /  EM /  ER

Database

Processing Tools

Site Ground
Motion
Development
Hazard Maps

PSHA

Site Response

Synthetics

Funding
148 113 120 180 220

250 200 200

Field Software

225Score Card ?
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Terminus Dam, CA MDE Response Spectrum
Selected Accelerogram:Loma Prieta Earthquake  891018

Target Spectrum:  1000 Yr Equal Hazard Response Spectra
For Comparison:  MCE Deterministic Spectra
    Abrahamson & Silva 1997
    Rock - Mw=8.0 - 5% Damping Distance 88.5 km
Spectrum then scaled to PGA =0.22 g ( MCE Leed's 1980)

trcmpmde.grf :  

Target spectrum 1000 yr Equal Hazard Response Spectra

Spectrum of Original Accelerogram

Matched Spectrum - 4 Iterations

MCE Design Spectra

Fit: Ratio of Final / Target

Development of Deterministic and Probabilistic 
Spectral Matched Earthquake Ground Motions



End of Presentation


