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Needs

Scope

Toolsto assist Seismic Safety Evaluations
and develop site specific design earthquakes

| mplement Corpsregulations and design
practices

Maintain Cor ps cor porate knowledge

Design earthquakes- 3 Levels
M CE-MDE-OBE

National infrastructure—
Western and CEUS Tectonic settings



Problem Uncertainty

Limited Data Set

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

Rely on Empirical Correlation and Analogous Data
All Existing and New Data Needs To Be Used

Engineering Seismology 3ill Advanci ng | A Exoediont
n pedien

Advanced Analysis Needs



PROBLEM

As Owners of Large and Critical Structures

Social & Economic
Losses

Remediation $$

Low Conservatism High

Need Best Estimates of Seismic Hazards and Level of Conservatism



Review and adopt relevant new developments

Accessto integrated and current:

Data ( data driven process)
Procedures & relationships
Numerical tools

ER, EM’s



Technical Objectives

To Determine Site Seilsmic Hazard

Design Earthquakes

Times Histories

Response Spectra

Site Response

rce



System Objectives

Modular Design
Maintainable
| ntegrated Proceduresand Tools

| mplement Policy

Support Engineering Studies and R& D

Training

Technology Transfer

Emjec  He=lp
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Dlatabese

m LS AR CORPS OF ENGINEERS
WATEAWAYS EXFERIMENT STATION

Earthquake

Froceseing Taal Box

Syriranc Gensmaion

Sile Ae=ponse
FEMA 3022713

Dlacuimanhation

Design

EQ Sauwrmas

Prabahifstic (PEHL

SaismicHe: Meps

Euat

Earthguake Ground Motion
Analysis and Design Sysiem
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Eroject Help

Accelerogram or

Resp. Spectrum LS ARMY CORPS OF ENGINEERS
WATERWAYS EXPERIMENT STATION

Database

Documentation

it ﬁ Please Read This Disclaimer Notice !Elm
Earthquake sl . AT o Rl AL Disclaimer Notice
l . This software is provided is provided as is and without any kind of
warranty. U.5. Army Corps of Engineers and Engineer Research
. and Development Center (ERDC) is not responsible for any kind of
Earmquake Ground Motion damage urﬁusses you have incurred by usirI:g this suft\-var: or by
Anal'}'st and Des.f'gﬂ System using the results obtained by using this software. Although ERDC
has used this software and data, no warranty, expressed or implied
is made by ERDC as to the accuracy of data and the results nor
shall the fact of distribution constitute any such warranty, and no
responsibility is assumed by the ERDC or the U.S goverment in
connection therewith. This software is for the use of ERDC and
U.5. Army Corps districts only, and should be used by
individuals with proper knowledge and training in the
Seismic Hazard evaluations and its use for engineering analysis.
Due to the complexity and uncertainities assosciated with the
state-of-the-knowledge in these areas a multi-disciplinary team
composed of seismologist, geologist, and geotechnical and

structural engineers is recommended.
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Project Help
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Database

Processing Tool Box

Synthetic Generation

Site Response

FEhA 3024273

Documentation

EQ Sources

G Maotion Aftenuation

Frobabilistic (P3HA)

Seismic Haz. Maps

Exit

US ARMY CORPS OF ENGINEERS

WATERWAYS EXPERIMENT STATION

thiIe Edit Document “iew Window Help
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Analysis and Desi

DEPARTMENT OF THE ARMY
U.S. Army Corps of Engineers
Washington, DC 20314-1000

CECW-ED
CECW-EG

Regulation
No. 1110-2-1806

4 <« » 2« 5 [OO[@E &

ER 1110-2-1806

31 July 1985

Engineering and Design
EARTHQUAKE DESIGN AND EVALUATION FOR CIVIL WORKS PROJECTS

1. Purpose

This regulation provides guidance and direction for the
seismic design and evaluation for all civil works
prijects.

2. Applicability

This regulation is applicable to all HQUSACE elements
and USACE commands having responsibilities for the
il : . T

Integrated Engineering Regulations

and Manuals

of confidence in the final conclusions. Survival of
operating equipment and utility lines is as essential as
survival of the structural and geotechnical features of
the project. When justifiing circumstances exist,
requests for departures from this policy should be sub-
mitted by the District Commander through the Division
Commander to HQUSACE {CECW-E).

5. General Provisions

a. Praject hazard povential. The classification in
Appendix B is related to the consequences of project
failure. Critical features are the engineering structures,
natural site conditions, or operating equipment and
utilities at high hazard projects whose failure during or
immediately following an earthquake could result in loss
of life. Such a catastrophic loss of life could result
directly from failure or indirectly from flooding damage

to a lifeline facility, or could pose an irreversible threat

4. Policy

The seismic design for new projects and the seismic
evaluation or reevaluation for existing projects should be
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to human life due to release or inundation of hazardous,
toxic, or radioactive materials. Project hazard potential
should consider the population at risk. the downstream
flood wave depth and velocity, and the probability of
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Project Help
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Synthetic Generation Filz Edit Print Parameters

; : Terminus Dam
Site Response

Period (sec) Vs. Acceleration (g's)

Return Period = 1000 Y'rs
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Documentation
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Exit
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l'lh,‘:-EO Source Charecterization _ O] x|
Earthquake Sources Fault Relationships

Accelerogram or
® Mo from Fault Slip &Type Resp. Spectrum US ARMY CORPS OF ENGINEERS

® CEUS Seismic Zones #® Mo from Avg. & Max. Disp petabese PRI S SRS s

Project Help

Frocessing Tool Box

# Cascadia Subduction Zone o

Cancel | Continue |

i LI o, ETIHT Fala [=3(=] FTCE

Swnthetic Generation

%W site / Source Input Query

— Longitude 120
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Distance {(Km) 1000

Cancel

4.0

play EQ Sources

------ ound Motion
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405

Query for Faults

0 500
Scale in Km

Data within 1000 Km range from Long = 120.00, Lat = 45.00



Fault
State

Min. Distance

Max. Distance

Type
Length {(Km)
Top Depth {(Km)
Width (Km)

Magnitude Mw
Recurrence {Yrs)
lip Rate {(mm/yr)

352

Owens Valley Fault

Characteristic Earthquake

Display Fault Information

California
85.87
142.62 H{ \ O Mag == &0
Strike-Slip (O 75 <=Mag <3
121.00 ':‘D O 70<=Mag<7
0 g\\ A %})\D (O 6.5 <=Mag <7
13.00 O B0 <=Mag <6
. \\CL \\ \ () 55 «= Mag = 6
25 O 50 <=tag<5
39'99 Success Dam | \
P!
1.500 (@]
%‘K &
) (2 ]
ﬁ 5 J
\u\ 2 _\/ \\II
T S 0 10C
e %\ Scale in Km
| e - “'FE?\O [,
121.1 120.0 118.9 117.8 11B.7
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Project Help
o Response Spectra

e Attenuate Source to Site
2sp. Spe US ARMY CORPS OF ENGINEERS
Database WATEHWA ¥s WEHMEFHSTAHON -

Prol:essing Tool Box File  Edit Modity “iew Print Parameters

] ; 220 o = 6.0; Distance = 50 Km; H Component; Strke Slip, On F
Swnthetic Generation

Site Fesponse ™

FEMA 302/273 e ././‘\«.\.
. A

Design
Earthquake

EQ Sources

G hation Attenuation
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Seismic Haz. Maps

Exit
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2% Attenuation Curves - Basis: Abrahamson & Silva 1997
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ﬁFault Query Resultz [Longitude ¥z Latitude]
File Edit Draw Add FPrint Parameters  Pick

34.0

OMag ==80
O TSa=Mag=250
O 7.0 ==Mag=7.3

O E5==Mag=7.0

O El==Mag=E65
() 55==Mag =60
() 50==Mag=55

() 4.5 <=Mag=50

() 40==Mag=45
() 35<==Mag<40

C Mag=35

Scalein Km

Data within 1000 Km range from Long = 12000 | Lat = 45.00
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Project Help

Accelerogram or

Resp. Spectrum H US ARMY CORPS OF ENGINEERS
¥ _ WATERWAYS EXPERIMENT STATION

Documentation

Design
Earthquake

~®J) /7 BRITISH
COLUMBIA

Analysit

l’l‘:ﬂ EQ Source Charecterization

Earthquake Sources Fault Relationships

® US Crustal Faults ® Mo from Fault Slip &Type

® CEUS Seismic Zones #® Mo from Avg. & Max. Disp

PACIFIC OCEAN
(Juande Fuca Plate)

@ Cascadia Subduction Zone ]

Cancel Continue
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1970-2001, M>=1.0, Lat. 46.7-47.7N

Longitude [deqg]
128 &1Ef * Sleh o SlE2E wlad  =hda
0 .

BRITISH
COLUMBIA




Nisgually Earthquake M=6.8

100

Scalein Km

Data within 200 Km range from Long = 121.79, Lat = 47.28




Howard Hanson Dam
Nisqually Earthquake Damage




Transition £one

Howard Hansg

Cascade Volcanoes Ed

Pre-Tertiary Crust

Morth American Plate




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

Period (secs) Vs Acceleration (cmfsec™2) « M = 6.8; Distance = 73 Kim ; Depth =49 K, Intraslab

1000.0

Howard Hanson Dam

Recorded Accelerations =i n

PGA (cm/sh2)
103 Left Abut.
108

88 Toe

32

549 Crest
1345

1pa.n

10.0

5.0

- PGA
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0.1a

0.50

1.00

FGA =151.92 crdsec ™2

-+ Mean
- Mean+5.0

—~ Mean-5.D

20



arthquake Zone Query Results. Zone Definition Reference : Krinitzsky 1986
Longitude o8

Latitude 35 Zone Name Epicentral | In/ Out Distance in Km

Distance {(Km) 1000 Intensity | of Zone Min Max

Cancel Display EQ Sources ¢ - vl - : :
Front Range & QOuachita : Vil Inside 132.64 1339.50
El Reno Oklahoma - Qutside 717.29
- : IX
- . X

Site Response

FERA F02/273

Documentation

L _Atag =180
O?.E <= Mag < 8.0
O f0<=Mag=<75

EQ Sources

G Motion Attenuation O 6.5 «<=Mag<7.0

Frobahbilistic (PSHA)

(0 B.0 <= Mag <B.5
Analysis [ ' O 55 Mag <60
: : ¥ O 50 <= Mag <55

Seismic Haz. Maps

Exit
|

O 45 «=Mag <50
O 40 <=Mag <45

2 38 == Mag < 4.0

T Mag <35

Central & Eastern US
Sasmic Source Zones

0 500
Scale in Km

Data within 1000 Km range from Long = 98.00 , Lat = 35.00
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Documentation

Design
Earthquake

EQ Sources

G hation Attenuation

Frobahbilistic (PSHA)

Seismic Haz. Maps

Exit

T — Sasmic Source Zones
WATERWAYS EXPERIMENT STATION

oy Fault Query Results {Longitude ¥s. Latitude) W Site 7 Source inpit URT

| File Edit Draw Add PrintParameters Pick S .
Longitude

Latitude
Distance {Km)

Cancel

Earthqua
Analysis a

100
Scale in Km

Data within 2000 Km range from Long = 90.00 , Lat = 38.00
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Accelerogram or
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Documentation :

Design
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=19 Km Focal Depth M =75
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Seismic Haz, Maps

Recommended Accelerograms e -
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C IDRISE 1991 H_T' Database Viewer

 Chang et all (Gec
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Time History Plots for LOMA PRIETA, EARTHQUAKE

Froject Akbout

Help

267
Accelerogram or :
o RBSp. Spe[:trum H LS ARMY CO Mumber of dbhase hits = 72
Database WATERWAY:
0
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Records and View
Time Histories

Plot Time Histone

Plot Response Spectra
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Clear All Queries
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Project Help
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i a%: Download Data from Web
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il iew
Database WATERWAYS EXPEF — —

Frocessing Tool Elnxi COSM OSVIRTUAL DATA CENTER

Consortium of Organizations for Strong-Motion Observation Systems
Home + LoginLogoff - Download - AboutUs . Contact + Mirror Sites
Site Pesponse Earthquakes -  Stations . Search . Map - Adv. Search

Swnthetic Generation

FERA F02/273

Home
Documentation

Design Welcome to the COSMOS Virtual Data Center. This site gives access
Earthquake i PR to a relational database of strong ground motion parameters. Data

EQ Sources | . identified through the database may be downloaded from various

' agencies’' FTP and Web sites.

G hation Attenuation

Frobahbilistic (PSHA)

To access the virtual data center, use the image links at the top of this
Earthquake Gro ag p

; | page or the identical text links at the bottom of the page. For additional
AHEA'YSIS and De:. information, please vizit the COSMOS web site.

Seismic Haz. Maps

Exit
|

|'.‘!ih,":-Prl:lt:essing Tools !Elm
Calculate Response Spectra

Time History Tools — @ /{m

Data provided by cooperating networks

: D Qi
Download External Data i e California Division of 0.8 Ay Corps of 1. & Bureau of
: Mlines and Gealogy Engineers Reclamation

Reformat External Data

Exit Developmental support for the Virtual Data Center provided by the Core mermbers of
COEMOS
and the Southern California Earthquake Center is gratefully aclmowledged

-
sC/EC

Access External Data Sources
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Frocessing Tool Box

Swnthetic Generation
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Documentation
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Exit
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Exit
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Resp. Spe H LS ARMY CORPS OF ENGINEERS Select Acceleration File
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Enter time step

B -

# of Points Per Line
Scaling Factor

sarhapabe xane |

Eile Select Input Units

View File | Reformal |SaveData|—:,

FRAMNKLIN FALLS DARM, NEW HAMPSHIRE:
45 DEGREES
EARTHQUAKE OF JAMUARY 19, 1982, 0014

Cancel

Select File |

# of Header Lines

|7

|o.005

|10

|1.o

- g's

~ cms/sec”?

BUTTERWORTH AT 330 HZ, N=4

MO OF POINTS= 3765, UNITS=CM/SEC™2, CM/SEC, AND Ch
2372 -1002 E63 -153 -083 -238 17.20 -17.26 -11.01 -11.64
1118 2479 430 468 975 095 255 248 -017 -398
8.28 3136 2773 2526 3055 21.14 -8.30 -898 -8567 -25.33
-517 1466 1793 2262 2512 1350 -1.50 -5.29 -9.32 1466
-11.91 545 297 -6.04 -11.97 -11.42 -10.60 -11.69 -17.658 -19.39
-1293 -816 -8.14 -11.99 -11.08 -6.35 -6.00 0.0%8 887 7.31
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-7B2 -243 239 621 1166 7588 348 116 -253 526

241 571 246 453 366 -545 -16.16 -14.02 040 727
-0.74 -405 8.03 1439 800 275 561 882 937 B27
-053 416 -15.64 -29.31 -23.78 B9 27.47 2367 1992 1944
270 -17.89 -6.18 1080 2858 2665 166 -0.24 -6.18 -22.93
-19.18 -9.25 -10.48 -9.98 -§13 -14.82 -20.43 -16.33 -3.15 1485
1491 594 110 165 312 209 087 366 3.02 -5E3
-12.78 -12.78 -4.20 Z2.058 -5.45 -18.14 -31.83 -38.20 -33.97 -30.08
-26.92 -14.682 7.05 1567 1297 357 -25.94 -4756 -45.571 -52.45
-3315 817 1.39 410 -5.30 -46.20 -40.43 4557 -50.33 -8.24
1404 2941 3467 2279 3715 41.88 4455 311 5263 4495
39.74 38.00 44.00 4577 48.85 51.34 4947 3072 552 0.8
-6.48 -43.08 -16.05 -794 -27.20 -2.00 29.37 2259 801 1193
-1.37 -846 -611 -316 394 717 -17.01 -64.09 -657.72 -4459
-48.43 -22.54 2628 5832 4279 166 -9.95 -41.63 -61.02 1579
86.91 41.45 29.87 24497 -B0ER-117.65-123.96 -3890 49499 291
-1963 23.07 28.80 1020 21.91 2473 -17.03 -6596-107.19 -73.26
-93.62 -73.681 -25.27 -17.27 2676 4810 /7465 9750 6944 G046
4783 2141 3338 32773 227 -1080 -11.29 -17.85 -11.83 1.74
1007 271 371 2215 3569 2491 1434 1188 759 -258

YEAR=1982 JULIAN DAY= 13 HOUR= 0 MINUTE=14 SECOND=42 COMPOMNENT= 45
SAMPLES/SEC=200 FILTER TYPE=BUTTERMWORTH CORNER= 0.33 ORDER=4 DATA TYFE=AC

|Line: 8 of 1152 62
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Compute 2-D Dynamic Site Response
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@ Database- Externa 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
D SH A - updating CEUS source zones, Cascadia subduction zone

Fault relationships, fault and earthquake database

Updated ground motion attenuation relationships

Updated reference documents (PDF format )

9 Q Q Q Q

Developed new and easlier installation techniques
for data and the program



The“whole enchilada” - continues

9 TimeHistory and Spectra T oolbox

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



Windows Version fielded

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

Presented the program at Corps Geotechnical
Conference, Portland

Seminar and Demo at EQEN Il FOC Workshop

Next Stop:
Corpsinfrastructure Conference, Reno



J Districts Seismic Safety Evaluations
Vicksburg
Sacramento
New England ( 30 dams)
Albugquergue
L os Angeles
Portland
Tulsa (30 dams)

@ Porfolio Risk Assessments
Huntington
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Development of Deter ministic and Probabilistic
Spectral Matched Earthquake Ground Motions

8% FQMotion User Interface - June1 Version - June 2001
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Earthquake Ground Motion
Analysis and Design System
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