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DSOD Progressive Approach for
Dynamic Embankment Analysis

Newmark displacement
- Index of inertial
stability

= More sophisticated (eg.
FLAC) If displacement
ambiguous

Increasingly
using time series to
represent seismic loading




Guidance on Design Ground
Motions for Dams

USCOLD/USSD (1999)
DSOD (2002)

USACE (1995/2003)
FEMA 65 (2005)

’

FERC (in progress)

1) Site-specific analysis

2) No code-prescribed methodology

3) GM duration important

4) Safety evaluation should consider
no less than M., loading
(DSHA)...

...but consider PSHA perspectives

FEMA-ERDC (2004): Important research needs include
GM prediction, characterizing directivity, duration/intensity



DSOD’s Deterministic Seismic Hazard
Approach

Characterize active sources
Characterize site

Develop 50 to 84" PGA, PGV ,SA, Arias intensity
[Al replaced duration after 2004 ]

Ildentify parameters best correlating w/
performance

|ldentify candidate controlling M., event(s)
(...need probabillistic feedback)



Load Selection Using
Consequence Hazard Matrix (2002)

Very High High Slip Moderate Low Slip
Slip Rate Slip Rate Rate

8
= Use event likelihood &'d/siconsequence

Consequence 50“] to 50th o
Total Class Weight 84" 84th

19-30

= M__ loading range: 50ti*te)84* %thrr‘Josg,Lo |

When “50t to 84" ...
- PS H A / p g a . Consequence

Total Class Weight

= Goal: minimum RP “s
= (USSD/ICOLD: 3 to 10kiyr)-

7-18

DSOD Consequence-Hazard Matrix
October 4, 2002



Return Periods
for 84th Percentile PGA

Pacific




Design Ground Motion Development

~ Objective: Minimum of 3 time histories for
' controllmg earthquake scenario




Seed Record Issues

Design EQs commonly M = 6.5, R < 10 km...

Rrup Distance Magnitude




Seed Record Issues (cont.)

Directivity expected ...
m Strike-slip: —50/50 chance
= Dip-slip: up-dip rupture for larger events

—ewer seed record candidates...

Dotential scenario Inconsistencies...

. Can use Al to check durational aspects



Example: Design EQ/GM Development

250 ft high, water supply to 60,000 people
downstream

3 km from San Andreas fault (M
Analysis section nearly FN
K§p=10515

Designi GIVI: 84" percentilerloading Wi/ directivity
PGA = 1.1g (1500 RP)I Al = 18 m/s

m Seed records:- 35 synthetics (near-source M8 motions)
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Original Spectra vs.Target
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DGM Response Spectra
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Newmark Arias intensity
displ t
Record | displacement | PGV SAro | (target ~18m/s)
Ky = 0.15
SI8R | 4.8ft | o | 1549 | 18.7 m/s
: cm/s : i
190
4.7 ft g 1.53¢g 19.1 m/s
183
8.3 ft /s | 1949 36.1 m/s
Conclusions:

e 84t targets yield 41/, to 5 ft (blue is “too conservative”)
e Probably not “1500-yr” motions (PGA poor indicator)
e How conservative?




Assessing GM Conservatism

Need different parameter for PSHA

PBEE - ideal parameter is...

m Efficient — correlates well w/ performance
= Sufficient — predicts performance by itself
PGA, PGV, SA arent....

Note: DSOD concerned with large motions and
large deformations (e.g., feet)



Force vs. Work/Energy

Force: potential to move an object (F = m X% a)

| > stress, pressure

Work: object’s displacement from application of
force over time (W = F x d)

- displacement, settlement, strain
s |

= Work: transfer of energy to object
(Energy = potential to do work)

Analysis for potential displacement, deformation,
strain (work), should consider GM energy



» Most Dynamic Geotechnical Analyses
Implicitly Address Work/Energy

...when GM amplitude & duration; used:
o Simplified: when using peak value and Magnitude
(as proxy for duration)
e Detailled: when using acceleration time history

Arias Intensity: | = i]?[a(t)]zdt
29

Wave Energy: “sum ofi the sguares ofi the amplitudes of
elements in a wavelet times a proportionality constant that

IS often omitted”
(Encyclopedic Dictionary of Geophysics, 3rd edition, 1991)



1983 M5.77 Coalinga aftershock Transmitter Hill

Displacement k,0.15

Ground motion Coalinga | Northridge

record M5.8 MG. 7
aftershock | Newhall

ES

Peak acceleration 1.08g 0.59g

Peak velocity 40 cm/s 97 ecm/s

Arias Intensity 1.7m/s |5.6 m/s

Newmark 0.24 ft 1.69 fit

Incremental Al (cm/s)

— 1994 M6.7 Northridge Newhall Fire
Station

4 6 8 10 12
time (sec)

Arias Intensity Buildup

time (sec)

Arias Intensity addresses amplitude & durational aspects (energy)



Efficiency & Sufficiency:

Arias Intensity & PGA vs. Newmark Displacement
natural & spectrally matched motions

PGA vs. Displacement for Ky = 0.05g

1000 |

R”=0.6219
- R?=0.4005 : - -
_ Arias Intensity
E 100
E .
8 Al vs. Displacement for Ky = 0.05g
& " 1000
E | :
1 | S R%=0.651
0.01 1 k= 100
Q
S .
O -
g 10 A R
r-3 R 52 = spectrally matched records
_2 . .-.'3;;‘."
=) : ‘, - natural
1 -‘%é?;'mzlc.lllll\ T T T T T TTTT T T T T T T TT
0.1 1.0 10.0

after Jibson &Jibson (2003)

Al (m/s)

100.0



Efficiency/Sufficiency (cont).

Arias Intensity & PGA vs. Newmark Displacement
natural & spectrally matched motions

PGA vs. Displacement for Ky = 0.15

1000 :
s R’ =0.5223
Q . 5 d
= 100 : Arias Intensity
E * « R’=0.376
m -
& 10 Al vs. Displacement for Ky = 0.15g
R 1000 ¢
E L | + Natural records
1 E | = Spectrally Matched R*=0.7174 ]
‘% 100 [ m San Andreas examples -
c L
g R? = 0.9022
Q i
o
s 10
(@]
PRCR %
crd
1 AR Wrvol 4,
0.1 1 10 100

after Jibson &Jibson (2003) Al (m/s)



Spectral

amplitude) Durational

_____>

Arias intensity




Prediction Capability and PSHA:
Empirical Al Attenuation Formulas

Travasarou, Bray, and Abrahamson (2003)
In(Al) = (M, R

ups SITE condition, fault style)

Watson-Lamprey and Abrahamson (2006)
In(AI) =] (Mw’ Rrup1 VS3O’ PGA, SAT@ls)



Potential Uses for Arias Inten3|ty
Predictions ‘

1) Targets for Design Grou ]

amplitude
= Al (energy) addresses
= Use both to better con




2) PSHA Hazard Curves
= Conservatism of C
= Probabilistic Al tal

f (q;o eedence

)
‘3“
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s(c'r,':y (o]

Annual Fre

3) PSHA Deaggregation

= Gives most likely sGeé
load



Example: Dam near
San Andreas fault:

Design GM conservatism based on Al

= 84" target Al = 18 m/s
2000-yr return period

Revisiting design GM results:

= S18R -4.8ft Al =18.7 (2100-yr)
N - 4.7 ft Al =19.1 (2200-yr)
O - 8.3 ft Al = 36.1 (7500-yr)

S23R -6.0ft Al =27.0 (3700-yr)
SI6R -7.0ft Al =29.6 (5000-yr)
CT3N -7.4ft Al =36.7 (7500-yr)
S37-090 - 12.5ft Al =50.8 (16,500-yr)



Design Earthquakes from PSHA

San Bernardino Mountains — weathered rock site

PGA - Hazard by Seismic Source PGA - Deaggregation

N
m
o
=

2500-yr ERP
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Annual Frequency of Exceedence
m
S
=

Amplitude: 1.00g

( J g) 1 \ ) Hazard: 4.1e-004
' i Modal Magnitude: 6.5
M 6 5 @ 3 km Peak Ground Acceleration, (g) Modal Distance: 2.5 km

Arias Intensity - Hazard by Seismic Source Arias Intensity - Deaggregation

Al (15 m/s):
M7.7 @ 8 km

Amplitude: 1500 cm/s
Hazard: 4.1e-004

100000 Modal Maanitude: 7.7

WIVUA Iviayiinuuc,. 7

Arias Intensity (cm/sec) Modal Distance: 7.5 km

Annual Frequency of Exceedence




SE of Bakersfield — soll site

Hazard by Seismic Source PGA - Deaggregation

=B= White Wolf
= Pleito Thrust

3000-yr ERP

Annual Frequency of Exceedence

Amplitude: 0.54g

% N —
P G A O 5 4 - _ _ Hazard: 3.3e-004
e g - Peak Ground Acceleration, (g) Modal Magnitude: 6.1

Modal Distance: 7.5 km

M 6 @ 8 kl I l Arias Intensity - Hazard by Seismic Source Arias Intensity - Deaggregation

Al (3 m/s):
M7.3 @ 23 km

Amplitude: 300 cm/s
Hazard: 3.3e-004
Modal Magnitude: 7.3
Modal Distance: 22.5 km

Annual Frequency of Exceedence

Arias intensity (cm/sec)




PGA - Hazard by Seismic Source

Eastern ’
Sacramento

=== Tatal Hazard

Valley —
unweathered Sl

-9 GreatValley 4
Peak Ground Acceleration, (g)

Annual Frequency of Exceedence

-’- Great Valley §
ro C k S I te SA @ 1.0 sec - Hazard by Seismic Source

— BanAndreas - BA3+AP+BANFBAD
] === CAGridded

== CA Gridded Desp

—4 —H Bt Gridded
== Greatvalley 3

@ Greatvaliey 4

- Barlett Springs-fault system

10,000-yr ERP

= Mageama-garherile

=== 5an Andreas - SAN+SAQ

= 5an Andreas - BAS+BAP +5AN+EAC

—— Total Hazard

PGA (0.280)
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M6 @ 8 km

0.1
Spectral Acceleration, (g)

Arias Intensity - Hazard by Seismic Source

Shys (0.220) b
M7.9 @ 160 km

=B Great Valley 3
1E03 i & Greatvalley 4

- Creatvalley 5

- i Diabla - MTD

= Badlett Springs-fault system

— Maacatna-garsenile

—— Gan Andreas - BAS+5AP+5AN+5AD

= Total Hazard

Al (1.0m/s)
M6.5 @ 77km

Annual Frequency of Exceedence

1000
Arias Intensity (cm/sec)

PGA - Deaggregation

ercuaiiy D‘“"m.?

Amplitude: 0.28g
Hazard: 8.0e-005
Modal Magnitude: 6.1
Modal Distance: 7.6 km

SA @ 1.0 sec - Deaggregation

le:
%

ety D8

Amplitude: 0.22g
Hazard: 8.0e-005
Modal Magnitude: 7.9
Modal Distance: 157.5 km

Arias Intensity - Deaggregation

Amplitude: 103.00 cm/s
Hazard: 8.0e-005
Modal Magnitude 6.5
Modal Distance: 77.5 km




Summary

Embankment dynamic analysis Is concerned with ground
motion amplitude & durational aspects - (energy)

Al represents GM energy.

Al correlates with inertial displacement (esp. for spectrally
matched GM) — efficient/sufficient

Robust Al prediction capablility exists (DSHA & PSHA)
Al + spectral targets better constrain design analysis
PSHA using Al

= Hazard curves — GM conservatism or probabilistic target

s Deaggregation - design EQ scenarios for probabilistic
load
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