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Purpose of This'Presentation:

Toanswen to-thédollowingrimportantrguestions:

- Whats ise mtahneo! "‘ime@n momg?” of Nl nco

How importantis the foundationsize influence on ISRS”
How iimportantis theseismicdnput difectionality on ISRS

s incoherencylinfluencing the-SSSI effects on: Bk B

gapssizing, andrcomputed sot pressures?
- Howssignificant arerincoherency: effécts-prbdmoiong
moments’of foundatiomn mats/an@ walls

The2016"ACS/SASSINQAN I softwatserhs

Thernewaversioanrun 225 incoherent stochastic/simulationsdn &Singkefo
all X,"Ysand Z directions. /T his28times fasterthanuandgSStestartfor-each

simulationVhattook /8omonths/for the APR1400: Nt incohergiec 5@ ing-the

simple"ERPRIINCOHSSRSS approathkeany 8lays-oless, usingalsoramuc
more rigorousrsimulationcapproach. "
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Coherenvs. Incoherent Wave Propagation Mode|
3D RigidiBody SoilcMoetion:(ldealized@ lRandom/Wave: Biéld SoeilMatienli(Rea

, [T T T T 77
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S,P
1 D\WaverRropagation Analytical Moc 3D'\Wave Propagation:Baised/Maodel
(Coherent) (IncobhereitDatabas®rniven Adjusted

Coherent)

Vertically Propagating S and P waves
- No other waves types included Includeseal field records information, incl
- No heterogeneity random orientation implicitly motion field heterogeneity, rand
arrivals included arrivals of different wave types under rar

- Results in a rigid body soil motion, e\ incidenangles.
for largsize foundations

ANIMATIONS
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Motion Incoherency Simulation IntACS SA!

The complex frequency response is computed as follows:
Structural transfer function given
input at interaction nodes

Coherent ground transfer function at
interface nodes given control motion

ACoherent SSI response:

Complex Fourier transform

WH 9( )"7\U 6 )‘/ of control motion

Incoherent ground transfer function
given coherent ground motion and

Ancoherent SSI response: coherency model (random spatial va
|n horizontal plane)

*
U, (W) =H g()w 6)
Complex Fourier transform of relative
Sg (W) @b@ spatial variationssoil motioat
Interactionodes =stochasticwave fiel

Eigemodiesof cohenency kernetiqdeterministic pant)iom peesss(atochasticapart
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Background on 2007 EPRIValidated: Incoh
SShovcApproaclhmdustasy d

The 2007 ‘EPRI validated-approaches were based, aonsaunsing
TheEPRI industry team uses three €idssiingACS SASSI and
SASSI Bechtel codes. The indosisgnsusas built around the SF
approach that assumes zero phadimg &3tomplex responses.

To match the teaonsensus resulssed on SRSS approaches, tl
Stochastic Simulation appr oec
option, that basically is zeroing the complex responséhnghasing
Ahtohieao exeltsaluerashodldyiclue x ahesd aQusirsco | u t i

It should be understoodidtyaéglecting the .complexadandompha
the/incoherent SSlresponsessareclessancaheneynthis creates &
bias toward coherent responses, that most likely is conservati
practical applications, but this is not always the case, as discu
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How Many Modes Should Be Considert
for SRSS Approaches? SS Considers /

Low Frequency/Large Wavelengths/Only Few Low Order Incoherency Modes

A
| )
Coherence Function
1 — \ —
> K
° Frequencf'
High Frequency/Short Wavelengths/Low and High Order Incoherency Modes
A
| Is the foundation sufficiently rigid

/\/\/\/\/W\/\/\' to neglect high order modes
at high frequency due to

kinematic interaction effects?

>
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Acceleration (g)

Comparative 20 vs. 40 Incoherent-Mode Sol
Using:SRSSDeterministic Approach

NI Complex Model - Rock Site NI Complex Model - Rock Site
5% Damping SRSS (Approach 2) - ComerBottom 3% Damping SRSS (Approach 2) - CornerBottom
at Coordinates(-137.5, -87, 0} - Direction Y at Coordinates(-137.5, -87, 0) - Direction Z

08— Gonerent
—— TF (20 Modes)
—— FRS (20 Modes)

----- TF (40 Modes)

m— Coherent
m TF (20 Modes)
= FRS (20 Modes)
----- TF (40 Modes)
----- FRS (40 Modes)
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Acceleration (g)

Is the 40 Modes SRSS Solution . Converge

20 IIncoherent-Modes 40 IncoherentModes

NI Complex Model - Rock Site NI Complex Model - Rock Site
3% Damping SRSS (Approach 2) - ComerBottem 5% Damping SRSS (Approach 2) - ComerBottom
at Coordinates(-137.5, -87, 0) - Direction Z at Coordinates(-137.5, -87, 0) - Direction Z

—————— ] e R . i W
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Mofionlincoherency Differentiak Bhasing: Ef

COHERENT Symmetric  Non-symmetric Non-symmetric
Motion Amplitude Structure  Rigid Structure  Flexible Structure

Differential
phasing
protuces
timezand
spacedagsiand
throughthese,
amplitude
variations

INCOHERENT Symmetric —Non-symmetric ~ Non-symmetric
Motion Amplitude re  Rigid Structure  Flexible Structure
—r Kinematic SS!
1T is important
T Ve
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DifferentiaPRhasing Effects fonSamerHarmo
InputsatSupportsiwith: Zerodand Nonzeno Tame

Symmetric Structure Subjected to Harmonic Inputs at &
Zero Differential Phase/Lag (Same Amplitud

1 1 e

AWV WY —

Mode 2

Nonzero Differential Phase/Lag (Different AmpH
I t Mode 1
\ 4

_l_
Time Lag /\/'
AW \PWXAA]AVAVAJ» Mode 2

(1 nspired 201yDOE NRHegxalldwer
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EffectcoiZZeromgiPhases fomkidd ‘Frequencie

Forcdominant single/mode!situations: (in:lower, frequencynagige),dhehe
(differential) phadkat producerrandom amplitudecvariations in freque bagispige,

changesitheqproblem and /departs:from reality.
Means No Differential Phasing

= T Siiglnhgde ‘€ero-Fhbsd Boeoh Z b b 1 ¢
pradoed audeieensiist@amolivrdtlesdr e r mi
to coherent

ZeroPhas

1 m X _ Siign\gde ‘elon-BeooRiea SodNd n Mo t
NonzerePh Ses Means Dllfferlentlal Phasing prrloed suceligicsran@m feleratoni s t i

Differential-rAmplitude-Variations due
to DifferentiabRandomsPhasing

| m X
Madel L. Contribution At thedowerfrequendiesbelow 10dHz; wher
Freq PPRart HPartV singlermadé’!(Modes L)isigoverning;cthe zerc
1Hz 1100%¢ 98.2 phase:assumptipractically-neglects the
8 Hz 284%:5767% differentiahphaseivanations:between motion
25Hz 77 %21°21% components duertoincoherency.
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Effectscof Number 6ESSEkrequencies

on Simulated Random Phasing
AWFFHRhasesdn@luﬂmwmrh&@ma@ﬁreq

Recordsshow i LER - I Rl
significardifferential | Il |”

Phases/(leoorrelated) | I ' | || I|||
for closelgpaced 1
SSlifrequencies

Typicabt SShanalysis
interpolationifilters
DifferentialP Phases
(highcorrelated)
forcloselgpaced
SSlifrequencies.
Wessuggestuse
SSiffrequenciesiin the ; ; ; ; ;
ACSSSASSIamanual. = 5  °  Ss___ o 5es a1 wis
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Acceleration (g)

Incoherent SSI-Response Phasing Effects
LargeSize RB Complex with:105m'Width

RB Complex Model - Rock Site RB Complex Model - Rock Site
5% Damping ARS (Approach 1) 5% Damping ARS (Approach 1)
Direction'Y at RVC Top Direction Z at RVC Top
‘ A 0.7 ‘ T T e e e T
1 o — Coheert IR RN
i s Simulation Mean ”

= Coherent

0.8 1 === Simulation Mean
== Simulation Mean (FA)
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Acceleration (g)

Incoherent SSI-Response Phasing Effects
Reducedbize RB Complex with 50m Width

NI Complex Model - Rock Site NI Complex Model - Rock Site
3% Damping SRSS (Approach 2) - ComerBottom 5% Damping SRSS (Approach 2) - CornerBottom
at Coordinates(-137.5, -87, 0) - Direction Y at Coordinates(-137.5, -87, 0) - Direction Z
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