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Purpose of This Presentation:Purpose of This Presentation:

To present an overview on the ACS SASSI software application to 

seismic SSI analysis of nuclear and non-nuclear structures. 

The ACS SASSI code includes unique SSI analysis capabilities. 

The new version coming next month includes a number of 

advances that were developed based on the new 
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advances that were developed based on the new 

recommendations of the ASCE 04-2014 standard on “Seismic 

Analysis of Safety-Related Nuclear Structures” that will be 

published in the next months. The new US standard includes a 

number of engineering analysis advancements of SSI analysis. 
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5% Damped AP1000 Top of SB - X Direction
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SSI Effects on Nuclear Structures on Rock SitesSSI Effects on Nuclear Structures on Rock Sites

EPRI AP1000 Stick 5% Damping ISRS at Top of SCVEPRI AP1000 Stick 5% Damping ISRS at Top of SCV

NO SSI/FIXEDNO SSI/FIXED--BASEBASE

COHERENT SSICOHERENT SSI

New SSI models New SSI models 

and approaches and approaches 

are required.are required.

Today we will talkToday we will talk
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(after ASCE04 Draft (after ASCE04 Draft –– Nov 2011)Nov 2011)

Today we will talkToday we will talk

many aspects andmany aspects and

details of these details of these 

new aspects.new aspects.



ACS SASSI NQA Software for Seismic SSIACS SASSI NQA Software for Seismic SSI
The ACS SASSI software The ACS SASSI software is a specialized seismic soilspecialized seismic soil--structure structure 

interaction (SSI) analysis computer code with unique engineering interaction (SSI) analysis computer code with unique engineering 

capabilities, that combines stochastic 3D seismic wave modeling and capabilities, that combines stochastic 3D seismic wave modeling and 

simulation with finite element computations. simulation with finite element computations. To access the ACS SASSI 

page click http://www.ghiocel-tech.com/engineeringTools.html# and, then, 

select "ACS SASSI" under the "Software Package" option.
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Developed under the nuclear QA program of GP Technologies, Incnuclear QA program of GP Technologies, Inc.  

includes an active NQA maintenance service including tech support and 

bug and error reporting under 10CFR Part21.

ACS SASSI approaches includes all the SSI approaches validated by ACS SASSI approaches includes all the SSI approaches validated by 

EPRI (2007 EPRI TR# 1015111) and accepted by US NRC (ISGEPRI (2007 EPRI TR# 1015111) and accepted by US NRC (ISG--

01,2008) for new reactor designs in US, plus new ones included in ASCE 01,2008) for new reactor designs in US, plus new ones included in ASCE 

0404--2014.  2014.  



An Advanced Computational Software for Dynamic          An Advanced Computational Software for Dynamic          

SoilSoil--Structure Interaction Analysis on Personal ComputersStructure Interaction Analysis on Personal Computers

2. Define Soil Layering 2. Define Soil Layering 
and Seismic Environment.and Seismic Environment.

4. Perform Nonlinear SSI. 4. Perform Nonlinear SSI. 
Compute Impedances and Compute Impedances and 
Structural SSI ResponseStructural SSI Response

3. Define FE Model.3. Define FE Model.
Compute FE MatricesCompute FE Matrices

And Incoherency ModesAnd Incoherency Modes
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ACS SASSIACS SASSIA
C
S

GhiocelGhiocel Predictive Technologies Inc. Predictive Technologies Inc. 
4 South Main St., Pittsford, New  York 14534 4 South Main St., Pittsford, New  York 14534 
Email: acs.sassi@ghiocelEmail: acs.sassi@ghiocel--tech.comtech.com

1. Define Control Motion. 1. Define Control Motion. 
Simulate Response SpectrumSimulate Response Spectrum

Compatible AccelerogramsCompatible Accelerograms

and Seismic Environment.and Seismic Environment.
Perform Nonlinear Site ResponsePerform Nonlinear Site Response



Unique specialized SSI software used by large nuclear energy design 

corporations including Westinghouse for AP1000 and SMRs, Toshiba for 

AP1000S and ABWR, Mitsubishi Heavy Industries for APWR, Hitachi-GE for 

ABWR, KEPCO for APR1400, CANDU Energy for CANDU 6, AREVA/MHI for 

ATMEA1,  AREVA for US-EPR1500. Used by many civil engineering structural 

design subcontractors for NPPs or other corporations for large bridges on piles, 

ACS SASSI Used for Many US and International  ACS SASSI Used for Many US and International  

Commercial Projects for NPP StructuresCommercial Projects for NPP Structures

2014 COPYRIGHT OF GP TECHNOLOGIES 2014 COPYRIGHT OF GP TECHNOLOGIES -- PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014 7

design subcontractors for NPPs or other corporations for large bridges on piles, 

caissons, dams, tunnels, buried storage tanks, etc.

In US also used by DNFSB and NRC for confirmatory SSI analysis and by some 

DOE national labs, as Brookhaven National Labs and Argonne National Labs.  

In China, used by CNPE Beijing on various projects, SNERDI Shanghai and 

SNPDRI Beijing for CAP1000, GEDI Guangzhou for CPR1400. Used by NSC 

Beijing for confirmatory SSI analyses.

Used by IAEA for several projects in Armenia and Russia. 



•• Civil, industrial, nuclear or hazardous facility buildings with complex Civil, industrial, nuclear or hazardous facility buildings with complex 

arbitrary 3D geometry foundations and complex dynamic loadsarbitrary 3D geometry foundations and complex dynamic loads

•• Underground multilevel buried structures, waste storage tanks, tunnelsUnderground multilevel buried structures, waste storage tanks, tunnels

•• LargeLarge--size industrial under spatially varying seismic wavessize industrial under spatially varying seismic waves

•• Embedded, buried structures of hazardous facilities under seismic or Embedded, buried structures of hazardous facilities under seismic or 

dynamic loadsdynamic loads

•• SSI for Concrete and earth dams, embankment, largeSSI for Concrete and earth dams, embankment, large--span concrete span concrete 

bridgesbridges

Application Areas for Dynamic SSI AnalysisApplication Areas for Dynamic SSI Analysis

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014 8

bridgesbridges

•• Retaining structures and walls, including effects of seismic soil pressures Retaining structures and walls, including effects of seismic soil pressures 

from surface and body wave propagation, including Rayleigh waves.from surface and body wave propagation, including Rayleigh waves.

•• Concrete massive deep foundations, including caissons, piers Concrete massive deep foundations, including caissons, piers 

•• Tunnels, subway stations and buried storage facilitiesTunnels, subway stations and buried storage facilities

•• Multiple interacting neighboring constructionsMultiple interacting neighboring constructions

•• Underground lifelines, pipelines under surface wavesUnderground lifelines, pipelines under surface waves

•• Dynamics from rotating machinery, explosions, impact, or fast moving Dynamics from rotating machinery, explosions, impact, or fast moving 

loads, as vehicles, trainsloads, as vehicles, trains



SSI Analysis Inputs and OutputsSSI Analysis Inputs and Outputs

Inputs:Inputs:

1. Seismic Input: Seismic Input: Control Motion, Local Correlation and Spatial Coherency         

2. Vibration: External Force Time Histories

3. Soil Layering: Soil Layering: Geometry and Dynamic Properties (Geff, Deff) per Layer      

4. BaserockBaserock: : Depth & Dynamic Properties (G,D)    

5. Structure: Structure: Structural Configuration - FE Modeling, Nodal Masses, Springs 
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Outputs:Outputs:

1. Seismic FreeSeismic Free--Field Soil MotionsField Soil Motions

2. SSI Response Transfer FunctionsSSI Response Transfer Functions for Accelerations, Displacements and 

Element Stresses/Forces/Moments  

3. Structural Acceleration and Displacement Motions and InStructural Acceleration and Displacement Motions and In--Structure Structure 

Response Spectra (ISRS)Response Spectra (ISRS)

4. Structural Stresses/Strains. Structural Stresses/Strains for Shells/Solids & Forces/Moments for Beams for Shells/Solids & Forces/Moments for Beams 

and Springsand Springs



Past and Present Engineering ApplicationsPast and Present Engineering Applications

Stick

Rigid Mat

FEM

Flexible Mat

SOIL SITES

Low Frequency Input/

ROCK SITES

High Frequency/

PASTPAST PRESENTPRESENT
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PAST EXPERIENCE: PAST EXPERIENCE: 

-- Low Frequency Inputs (LongLow Frequency Inputs (Long--Wavelength)Wavelength)

-- Soil SitesSoil Sites

-- Stick Models with Rigid MatsStick Models with Rigid Mats

--Input Soil Motion as Rigid Body Motion Input Soil Motion as Rigid Body Motion 

(Coherent, 1D Propagation of S and P Waves)(Coherent, 1D Propagation of S and P Waves)

PRESENT EXPERIENCE: PRESENT EXPERIENCE: 

-- Low and High Frequency Inputs (LongLow and High Frequency Inputs (Long--and Short and Short 

Wavelengths)Wavelengths)

-- Soil and Rock SitesSoil and Rock Sites

-- Finite Element Models, Stick for PreliminaryFinite Element Models, Stick for Preliminary

-- Input Soil Motions as Rigid Body (Coherent) and Input Soil Motions as Rigid Body (Coherent) and 

Elastic Body Wave Motion (Incoherent, 3D Waves)Elastic Body Wave Motion (Incoherent, 3D Waves)

Low Frequency Input/

Long-Wavelength

High Frequency/

Short-Wavelength



Nuclear Structure SSI Analysis MethodsNuclear Structure SSI Analysis Methods

Real Real Idealized Idealized 

Direct ApproachDirect Approach
Vertical wave propagation is used to replace Vertical wave propagation is used to replace 
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Direct ApproachDirect Approach
(Single Step Analysis) (Single Step Analysis) 

( Single FE Model)( Single FE Model)

Vertical wave propagation is used to replace Vertical wave propagation is used to replace 

actual complex ground motion pattern, but actual complex ground motion pattern, but 

still produce specified motion at control point.still produce specified motion at control point.

Conventional  BCs 
(stiffness, damping, soil motion)

Enormous amount of solid Enormous amount of solid 

elements; 90% of FE elements; 90% of FE 

elements are in soil mediaelements are in soil media



FVFV

FIFI--FSINFSIN

ACS SASSI Flexible Volume ACS SASSI Flexible Volume SubstructuringSubstructuring
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FIFI--FSINFSIN

SMSM

FIFI--EVBNEVBN

MSMMSM
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5% Damping ARS

Ghiocel et al., SMIRT22, 2013



Seismic SSI Modeling in ACS SASSI  Seismic SSI Modeling in ACS SASSI  

Structure

Near Field Soil 

(Affected by SSI)

Control Motion

Seismic SSI Analysis Aspects:Seismic SSI Analysis Aspects:

-- Wave Propagation/ScatteringWave Propagation/Scattering

-- Structural and Soil ModelingStructural and Soil Modeling

Far-Field Soil 
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Soil Deposit

Stiff /Rock Formation

Variable Half-Space Layers 

plus Lysmer-Kuhlemeyer 

Viscous Boundaries
Incident Waves

Kausel 

Transmitting 

Boundaries

Far-Field Soil 

(Free-Field)



3D Rigid Body Soil Motion (Idealized) 3D Random Wave Field Soil Motion (Realistic)

Wave Propagation Models: Coherent vs. IncoherentWave Propagation Models: Coherent vs. Incoherent
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1 D Wave Propagation Analytical Model 1 D Wave Propagation Analytical Model 

(Coherent)(Coherent)

Vertically Propagating S and P waves (1D)

- No other waves types included

- No heterogeneity random orientation and 

arrivals included

- Results in a rigid body soil motion, even for 

large-size foundations 

3D Wave Propagation Data3D Wave Propagation Data--Based Model Based Model 

(Incoherent (Incoherent –– DatabaseDatabase--Driven Adjusted Coherent) Driven Adjusted Coherent) 

Amplitude of vertically propagating S and P wave 

motions are adjusted based on the statistical models 

derived from various field dense-arrays record 

databases (plane wave coherency models, plus wave 

passage – Abrahamson’s models)

- Includes real field records information, including 

implicitly motion field heterogeneity, random arrivals 

of different wave types under random incident angles



Coherent FunctionCoherent Function

3D Stochastic Wave Model: Incoherent Motion Field3D Stochastic Wave Model: Incoherent Motion Field
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Coherent FunctionCoherent Function



2007 Abrahamson Coherence for Hard2007 Abrahamson Coherence for Hard--Rock and Soil SitesRock and Soil Sites

HARDHARD--ROCKROCK SOILSOIL

HORIZONTALHORIZONTAL

17

VERTICALVERTICAL
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(EPRI TR # 1015110, December 2007)(EPRI TR # 1015110, December 2007)



Simulated Incoherent Motion Amplitude at 10 HzSimulated Incoherent Motion Amplitude at 10 Hz
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Abrahamson Abrahamson 

Isotropic Isotropic 

Plane Wave Plane Wave 

Coherency ModelCoherency Model



Ground Motion at Two Points Separate by 700 ft      Ground Motion at Two Points Separate by 700 ft      

(two corners on the grid, for (two corners on the grid, for γγ=0.15)=0.15)
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ACS SASSI V3.0 Incoherent SSI AnalysisACS SASSI V3.0 Incoherent SSI Analysis

There are several plane-wave incoherency models (with wave passage effects): 

1) 1986 Luco-Wong model (theoretical, unvalidated, geom anisotropic)

2) 1993 Abrahamson model for all sites and surface foundations 

3) 2005 Abrahamson model for all sites and surface foundations  

4) 2006 Abrahamson model for all sites and embedded foundations 

5) 2007 Abrahamson model for hard-rock sites and all foundations (NRC)

6) 2007 Abrahamson model for soil sites and surface foundations 
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6) 2007 Abrahamson model for soil sites and surface foundations 

7) User Defined Plane-Wave Coherency Functions for X, Y and Z (Real).

Wave passage is frequency independent (same Va for all frequencies).

8) User Defined Unlagged Coherency Functions for X, Y and Z (Complex).

More general situations with wave passage frequency dependent. 

NOTE: For general, more complex situations, there will be instructions on how to 

include nonuniform motion amplitudes in horizontal plane by modify seismic 

free-field motion load vector (LOADxxxx files) – Advanced users.



The complex frequency response is computed as follows:

• Coherent SSI response:

Seismic SSI Analysis Using ACS SASSISeismic SSI Analysis Using ACS SASSI

c

s s g g,0U ( ) H ( )* H ( )* U ( )ω = ω ω ω

Structural transfer function given Structural transfer function given 

input at interaction nodesinput at interaction nodes

Coherent ground transfer function at Coherent ground transfer function at 

interface nodes given control motioninterface nodes given control motion

Complex Fourier transform Complex Fourier transform 

of control motionof control motion
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•Incoherent SSI response:

i c

s s g g g,0U ( ) H ( ) *S ( ) * H ( ) * U ( )ω = ω ω ω ω

s s g g,0

Complex Fourier transform of relative Complex Fourier transform of relative 

spatial variations of motion at interaction spatial variations of motion at interaction 

nodes that is stochastic by nature  nodes that is stochastic by nature  

Incoherent ground transfer function Incoherent ground transfer function 

given coherent ground motion and given coherent ground motion and 

coherency model (random spatial variation coherency model (random spatial variation 

in horizontal plane)in horizontal plane)

gS ( ) [ ( )][ ( )]{ }θω = Φ ω λ ω η

Spectral factorization of coherency kernel             Random phases (stochastic part)Spectral factorization of coherency kernel             Random phases (stochastic part)



Motion Incoherency Modes of Motion Incoherency Modes of BasematBasemat at 10 Hzat 10 Hz

Mode 1 Mode 2

REMARKS:REMARKS:

1) For low 1) For low 

frequencies or rigid frequencies or rigid 

basematsbasemats

only a number of few only a number of few 

incoherency modes incoherency modes 

are sufficient.are sufficient.

2) Incoherent motion 2) Incoherent motion 

is obtained by is obtained by 
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Mode 3 Mode 4

is obtained by is obtained by 

combining  combining  

stochastically the stochastically the 

coherency matrix coherency matrix 

modes.modes.

3) EPRI validated for 3) EPRI validated for 

stick/rigid stick/rigid basematbasemat

models simple models simple 

superposition rules, superposition rules, 

as SRSS and ACSas SRSS and ACS

(zeroing ATF phases).(zeroing ATF phases).

22



3 Stick Models with A 3 Stick Models with A 

Common Rigid Common Rigid BasematBasemat

EPRI AP1000 Stick Study on Incoherent SSI ApproachesEPRI AP1000 Stick Study on Incoherent SSI Approaches

(EPRI TR# 1015111, Nov 2007, NRC ISG(EPRI TR# 1015111, Nov 2007, NRC ISG--01, May 2008)01, May 2008)
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Z translation is sensitive 

to foundation rocking motion

Rigid MatRigid Mat

(150’x150’)(150’x150’)



EPRI Conclusions on Incoherency EffectsEPRI Conclusions on Incoherency Effects

(EPRI Report # 1015111, Nov 30, 2007)(EPRI Report # 1015111, Nov 30, 2007)

The qualitative effects of motion incoherency effects are: The qualitative effects of motion incoherency effects are: 

ii) for horizontal components are a reduction in excitation translation ) for horizontal components are a reduction in excitation translation 

concomitantly with an increase of concomitantly with an increase of torsionaltorsional excitation and a reduction of foundation excitation and a reduction of foundation 

rockingrocking

ii) for vertical component is a reduction in excitation translation concomitantly ii) for vertical component is a reduction in excitation translation concomitantly 

with an increase of rocking excitation. with an increase of rocking excitation. 
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Benchmarked SASSIBenchmarked SASSI--Based Approaches:Based Approaches:

1) Stochastic Simulation 1) Stochastic Simulation –– Validated/Accurate, Final Design Validated/Accurate, Final Design CalcsCalcs

2) SRSS TF Approach 2) SRSS TF Approach –– Validated/Accurate, Final Design Validated/Accurate, Final Design CalcsCalcs

3) AS Approach 3) AS Approach –– Validated/Approximate, Preliminary Design Validated/Approximate, Preliminary Design CalcsCalcs

Other remarks:Other remarks:

-- No clear guidance for flexible foundationsNo clear guidance for flexible foundations

-- No guidance is provided for the piping/equipment multiple history analysis with No guidance is provided for the piping/equipment multiple history analysis with 

incoherent inputsincoherent inputs

-- No guidance is provided for evaluation of incoherent structural forcesNo guidance is provided for evaluation of incoherent structural forces



XX YY

Incoherent SSI Results for RB Stick ModelIncoherent SSI Results for RB Stick Model

ZZ
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Effect of Motion Incoherency Differential PhasingEffect of Motion Incoherency Differential Phasing

Differential phasingDifferential phasing

produces time and produces time and 

space lags, and space lags, and 

through these, through these, 

amplitude variationsamplitude variations
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RB RB BasematBasemat SSI Response for COHERENT InputsSSI Response for COHERENT Inputs
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RB RB BasematBasemat SSI Response for INCOHERENT InputsSSI Response for INCOHERENT Inputs



Flexible Foundations vs. Rigid FoundationsFlexible Foundations vs. Rigid Foundations

For rigid foundationsrigid foundations the incoherency-induced stochasticity of the basemat motion is 

driven by the rigid body spatial variations (smooth, integral variations) of free-field 

motion. Kinematic SSI interaction is large, so that differential free-field motions are 

highly constrained by rigid basemat, i.e. shorter wavelength components are filtered 

out. 

For flexible foundationsflexible foundations, the incoherency-induced stochasticity of the basemat
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motion is driven by the local spatial variations (point variations) of free-field motion. 

Therefore, is much more complex and locally random, with an unsmoothed spatial 

variation pattern. Kinematic SSI is reduced, so that differential free-field motions are 

less constrained. Short wavelength are not filtered out. 

To accurately capture the phasing of the local motion spatial variations that To accurately capture the phasing of the local motion spatial variations that 

are directly transmitted to flexible are directly transmitted to flexible basematbasemat motions, motions, the application of the the application of the 

Stochastic Simulation is recommended. CAPABILITY ONLY IN ACS SASSI.Stochastic Simulation is recommended. CAPABILITY ONLY IN ACS SASSI.



BasematBasemat Flexibility Effects on RB Complex ISRSFlexibility Effects on RB Complex ISRS
HORIZONTHORIZONT

ALAL

Rigid MatRigid Mat Rigid MatRigid Mat

VERTICALVERTICAL

30
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Elastic MatElastic Mat Elastic MatElastic Mat

HORIZONTHORIZONT

ALAL
VERTICALVERTICAL

ElasticElastic

is 65% (!)is 65% (!)

up forup for

verticalvertical

ElasticElastic

is 20% is 20% 

up forup for

horizontalhorizontal



Effects of Incoherency on Effects of Incoherency on BasematBasemat BendingBending

Coherent Incoherent

31
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Element Center Stresses SYYElement Center Stresses SYY

Backfill Soil Layer with Vs = 1.000 on Rock Vs = 5,500fps Backfill Soil Layer with Vs = 1.000 on Rock Vs = 5,500fps 

Seismic Coherent vs. Incoherent Stresses for XSeismic Coherent vs. Incoherent Stresses for X--InputInput
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Seismic Input Directionality (Including 3D Direction Variations)Seismic Input Directionality (Including 3D Direction Variations)
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(SRSS rule neglects(SRSS rule neglects

correlation effects)correlation effects)

CORNER COLUMN PROBLEMCORNER COLUMN PROBLEM

Principal Axes of

Motion are variable 

in time (Kubo and 

Penzien,1982)

(Agnastopoulos, 1981, 

Der Kiureghian, 1984)

High Correlation!High Correlation!
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Use of 5 Sets of Input Acceleration Time HistoriesUse of 5 Sets of Input Acceleration Time Histories

ASCE 04-2014 recommends for SSI analysis use of 5 seismic input sets of 

spectrum compatible acceleration time histories X, Y and Z instead of a single 

set of time histories.

The SSI response is computed as the average response from the 5 responses 

obtained for the 5 input sets. The 5 input sets can be based on “seed records” 

(using Fourier phasing from recorded motion components) or artificially 
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(using Fourier phasing from recorded motion components) or artificially 

generated input histories with uniform random phases.

Using 5 input sets of time histories will cover potential underestimations of SSI 

response due to input motion phasing. 

Single input set is still acceptable, but it will be required to demonstrate that it 

does not provide unconservative SSI responses.



Soil Layering Hysteretic Soil Layering Hysteretic BehaviorBehavior

1.  The nonlinear properties of the soil are approximated by equivalent linear 

properties consisting of the shear modulus and damping ratio for the soil 

which are compatible with the effective shear-strain amplitudes in soil

2.  The effects of nonlinear soil behavior include two components: 

(i) The primary nonlinearity due to seismic wave propagation in free-field

(ii) The secondary nonlinearity due to soil-structure interaction effects. 
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3.  A SSI linear analysis which is performed with estimated soil properties 

provides approximate values of the effective strain amplitude developed in 

each soil layer. These are used as an initial estimate for soil properties 

within an iterative process. The iterative process is continued until 

compatibility is obtained between soil properties and strain amplitudes. 

The SSI results of the last iteration reanalysis is assumed to represent the 

nonlinear response. Could be significant for seismic soil pressure 

distribution.



γγγγγγγγ2
γγγγ1

G

1

G

2
11

SeedSeed--IdrissIdriss Equivalent Linear Iterative MethodEquivalent Linear Iterative Method

Shear Modulus VariationShear Modulus Variation Viscous Damping VariationViscous Damping Variation
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Seismic StructureSeismic Structure--SoilSoil--Structure Interaction (SSSI) Effects Structure Interaction (SSSI) Effects 

R/B Complex R/B Complex –– AB InteractionAB Interaction SSSI Effects on AB SSSI Effects on AB 
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REMARKS: REMARKS: 

-- The SSSI effects could be very significant. Both The SSSI effects could be very significant. Both ii) wave scattering and  ii) inertial coupling ) wave scattering and  ii) inertial coupling 

could play significant roles. Effects show in ISRS. Usually less significant in structural forcescould play significant roles. Effects show in ISRS. Usually less significant in structural forces

-- Foundation levels and sizes affects the SSSI phenomenaFoundation levels and sizes affects the SSSI phenomena

-- Light surface structures in vicinity of embedded nuclear islands (NI) could be affected Light surface structures in vicinity of embedded nuclear islands (NI) could be affected 

seriously by wave scattering effects; these include the soil motion variation with depth, and the seriously by wave scattering effects; these include the soil motion variation with depth, and the 

surface waves, oblique S and P body waves radiated from NI foundationsurface waves, oblique S and P body waves radiated from NI foundation



Nuclear Island (NI)
NINI

ABAB

AP1000 NI Complex and Annex Bldg ConfigurationsAP1000 NI Complex and Annex Bldg Configurations

Y
Z

X

Top View Lateral View

Nuclear Island (NI)

Annex Building (AB)

ABAB

HardHard--Rock FormationRock Formation

Vs=8,000fpsVs=8,000fps

Backfill Backfill Soil,VsSoil,Vs=1,000fps=1,000fps

Coherent SSI Analysis:Coherent SSI Analysis:
- Seismic input defined HRHF input ((EPRI TR#1015111))

- Control motion at the top of the hard-rock (NI foundation level)

Incoherent SSI Analysis:Incoherent SSI Analysis:
- Stochastic Simulation with 8 simulations (EPRI TR#1015111)

- 2007 Abrahamson coherency model for hard-rock sites (EPRI TR#1015110) 4141
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AB and Coupled NIAB and Coupled NI--AB Coherent and Incoherent SSI. AB Coherent and Incoherent SSI. 

5% Damp ISRS Y5% Damp ISRS Y--Dir at AB Dir at AB BasematBasemat Corner (El. 100ft)Corner (El. 100ft)

X-Direction Y-Direction

NINI--ABAB

NINI--ABAB
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ABAB

NINI--ABAB

ABAB

ANIMATIONSANIMATIONS



SSSI Model Including 3 Nuclear StructuresSSSI Model Including 3 Nuclear Structures

FHB AB
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FHB AB

RB



SSI vs. SSSI  ISRS Comparisons for FHB Roof SSI vs. SSSI  ISRS Comparisons for FHB Roof 

Node 57976 (Roof Elevation) Node 57976 (Roof Elevation) 
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SSSI Effects on Local Soil Pressure Under SSSI Effects on Local Soil Pressure Under BasematBasemat
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Localized Higher Soil Pressures due to 

Relative Motion of the two Buildings

Ground Surface

ANIMATIONSANIMATIONS



SSI ModelSSI Model SSSI Model SSSI Model 

SSI vs. SSSI SSI vs. SSSI BasematBasemat Soil Pressure ComparisonsSoil Pressure Comparisons
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ACS SASSI Seismic USACS SASSI Seismic US--APWR SSSI Embedded ModelAPWR SSSI Embedded Model

Standalone SSI RB ModelStandalone SSI RB Model
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47a) Structural Model                                             b) Excavated Volume
SSSI RBSSSI RB--TB ModelTB Model

Yue et al., SMIRT22, 2013



SSSI Model for Standard Plant (7 Buildings)SSSI Model for Standard Plant (7 Buildings)
Single or multiple 1D soil 

columns can be used.

Include incoherency ?….
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Interaction

Nodes

ACS SASSI Flexible Volume ACS SASSI Flexible Volume SubtructuringSubtructuring for for 

Uniform and NonUniform and Non--Uniform SoilUniform Soil
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Apply 2D/1D soil layering corrections to free-field motion and 

excavated soil stiffness; in ACS SASSI run Rest 2, 3 for 2D and 

1D soil layering. Then, apply matrix corrections using the dofs

mapping files and run Rest 6 to solve the 3D SSI with nonuniform. 



ASCE 04ASCE 04--2014 Probabilistic Site Response for            2014 Probabilistic Site Response for            

Computing Deterministic SSI Analysis Inputs Computing Deterministic SSI Analysis Inputs 

Typical UHSRS shape inputs correspond to the outcrop input motion. For 

including local soil conditions at the site, site response analyses are required 

using one or several controlling earthquake RS inputs defined at the baserock 

(Vs=9200 fps).  

Generic Procedure:

1) Perform 60 probabilistic nonlinear site response simulations (convolutions) 
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1) Perform 60 probabilistic nonlinear site response simulations (convolutions) 

using randomized soil layering profiles for the UHS RS inputs at baserock. 

2) The outcrop probabilistic mean RS of the 60 simulations defines the outcrop 

FIRS. 

3) Performed 3 SHAKE type deterministic linear site response analyses for LB, 

BE and UB soil profiles to compute the in-column FIRS motions to be used for 

the deterministic SSI analysis. Pair LB Vs-UB D and UB Vs-LB D.

4) Check at other levels, if the envelope of the 3 deterministic in-column RS 

envelope the in-column probabilistic mean FIRS. 



Determination of Seismic Inputs for SSI AnalysisDetermination of Seismic Inputs for SSI Analysis

Probabilistic 

Site Response 

Simulations

51

Checking Level (vs. prob.mean)

In-column Motion

(FIRS) for SSI

In-column Motion

(FIRS) for SSI 

Outcrop Input  for SSI

Baserock (Vs=9,200 fps)

Input for Probabilistic Site Response
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Probabilistic Simulation of Soil ProfilesProbabilistic Simulation of Soil Profiles

52

Vs=9,200 fps
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Deterministic vs. Probabilistic Outcrop FIRS at 140 ft Depth.Deterministic vs. Probabilistic Outcrop FIRS at 140 ft Depth.

Horizontal Vertical

53

NOTE: Deterministic outcrop FIRS set equal to probabilistic mean outcrop FIRS.

Need to check RS results at surface and half of foundation depth.

Alternately, it can be defined at surface and checked at selected depths.

Non-flat RS…
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Probabilistic Site InProbabilistic Site In--Column Motion SimulationsColumn Motion Simulations

(60 simulations vs. probabilistic mean RS)(60 simulations vs. probabilistic mean RS)
40 ft Depth40 ft Depth

54

Horizontal Vertical140 ft Depth140 ft Depth
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Deterministic vs. Probabilistic InDeterministic vs. Probabilistic In--Column RS for Column RS for 

Outcrop FIRS Input Defined at 140 ft DepthOutcrop FIRS Input Defined at 140 ft Depth
140 ft Depth 140 ft Depth 

(FIRS)(FIRS)

55

Horizontal Vertical70 ft Depth70 ft Depth
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ASCE 04ASCE 04--2013 Probabilistic SSI Analysis2013 Probabilistic SSI Analysis

The new ASCE 04-2013 standard states that the purpose of the analytical 

methods included in the standard is to provide reasonable levels of 

conservatism to account for uncertainties.  More specifically, in the same 

section is written that given the seismic design response spectra input, the 

goal of the standard is based on a set of recommendations to develop 

seismic deterministic SSI responses that correspond approximately to a 80% 

non-exceedance probability level.  
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non-exceedance probability level.  

For probabilistic seismic analyses, probabilistic SSI responses defined with 

the 80% non-exceedance probability level are considered adequate.

Section 5.5 of the standard provides guidelines for the acceptable 

probabilistic SSI approaches. The GRS spectral shape could be considered 

with variable shape or not (Methods 1 and 2). Soil profiles, Vs and D, should 

include spatial correlation with depth. Structural stiffness and damping should 

be also modeled by random variables. 



Probabilistic Seismic Input ModelsProbabilistic Seismic Input Models

Same Spectral Shape (Scaling) Random Spectral Shape 

Method 1 (Random Variable)Method 1 (Random Variable) Method 2 (Random Field)Method 2 (Random Field)
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Full Correlation in Frequency….Full Correlation in Frequency….

Simpler...Simpler...

Less information required….Less information required….

Random Random 

Scale FactorScale Factor

Model Model 

Random SoilRandom Soil

Amplification Amplification 

Include Local 

Soil Conditions

Correlation in Frequency….Correlation in Frequency….

More physicsMore physics--based…based…

More information required….More information required….



Probabilistic Soil Profile Models (Random Field)Probabilistic Soil Profile Models (Random Field)

Random Random 

VariableVariable

Model Model 

Soil Layering Real Soil Profiles Ideal Soil Profiles

Random Random 

FieldField

Model Model 
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Perfect Correlation with Perfect Correlation with 

depth looses physics…depth looses physics…

No Correlation with depth No Correlation with depth 

looses physics…looses physics…

PotentialPotential Situations that are not covered by Deterministic SSI… Situations that are not covered by Deterministic SSI… 



ACS SASSI V3.0 Probabilistic Site Response and      ACS SASSI V3.0 Probabilistic Site Response and      

SSI Analysis Inputs (Option Pro)SSI Analysis Inputs (Option Pro)

Seismic Input Spectral Shape (Sa):

- Sa is random variable (scale factor)  (Method 1 in ASCE 04)

- Sa is a random field (curve) with given correlation structure (Method 1 in   

ASCE 04). Correlation from probabilistic simulations or records (ProEQUAKE)

Soil Layer Profiles (Vs, D and soil curves G-gama, D-gama)
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Soil Layer Profiles (Vs, D and soil curves G-gama, D-gama)

- Vs and D (at low strain) for each soil layer are two random variables.              

Vs and D both depend on stress level; they can be negatively correlated, 

nonlinear stochastic dependence (tests) or independent.(ProSITE)

- Vs and D profiles (for all soil layers) is a random field with given spatial 

correlation structure (based on geotechnical data). (ProSITE)

- G-gama and D-gama soil material curves are random fields based on 

laboratory statistical data (ProSITE)



Structural Effective Stiffness and Damping:

- Keff/Kel and D are two random variables that are a function of stress level;   

they can be negatively correlated, nonlinear stochastic dependence (tests) or 

independent. (ProHOUSE)

NOTE: Since stress level depends on locations, multiple sets of the two   

random variables should be defined. In ACS SASSI we considered a random 
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random variables should be defined. In ACS SASSI we considered a random 

variable pair (Keff/Kel and D) for each group of elements. Correlations between 

the two random variables of different groups could be considered, as needed.  



Simulated Probabilistic Seismic GRS (Method 1) and Simulated Probabilistic Seismic GRS (Method 1) and 

Soil Profile (Vs and D) Using Random VariablesSoil Profile (Vs and D) Using Random Variables

Simulated GRS InputsSimulated GRS Inputs Simulated Soil ProfilesSimulated Soil Profiles
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Note: Only 30 LSH simulations were used

(Full correlation with depth)(Full correlation with depth)



Simulated Probabilistic Seismic GRS (Method 2) Simulated Probabilistic Seismic GRS (Method 2) 

Probabilistic UHRS Input

0.30 ZPGA 

Simulated GRS
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c.o.v. = 15%; Correl. Length = 1 Hz
Random Samples 



Probabilistic Soil Profile Probabilistic Soil Profile 
Simulated Soil Profiles

Simulated Probabilistic Soil Layer ProfilesSimulated Probabilistic Soil Layer Profiles
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c.o.v. = 20%; Correl. Length = 20 ft

Random Samples 



Effect of Spatial Correlation Length on Simulated Soil Profiles Effect of Spatial Correlation Length on Simulated Soil Profiles 

Sample 1
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2 ft2 ft 20 ft20 ft

Sample 2



Probabilistic Structural Modeling (Stiffness & Damping)Probabilistic Structural Modeling (Stiffness & Damping)

- Effective stiffness ratio Keff/Kelastic and damping ratio, Deff, are modeled as statistically 

dependent random variables. 

- Keff/Kelastic and Deff can be considered negatively correlated, or having a complementary  

probability relationship, or Deff be a response function of Keff/Kelastic based on experiments

Deff  = f (Keff/Elastic)
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- Keff and Deff are defined separately for each element group. Statistical correlation between 

different group Keff variables can be included. 



Case Studies: 1) EPRI AP1000 NI & 2) PWR RB SticksCase Studies: 1) EPRI AP1000 NI & 2) PWR RB Sticks

EPRI AP1000 NI Stick ModelEPRI AP1000 NI Stick Model PWR RB Stick ModelPWR RB Stick Model

Deff = f (Keff)
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Mean Values

Case 1: Soil Site, Vs = 1,000 fpsCase 1: Soil Site, Vs = 1,000 fps

Case 2: Rock Site, Vs = 6,000 fpsCase 2: Rock Site, Vs = 6,000 fps



Seismic GRS (Method 2) and Soil Profiles for Soil SiteSeismic GRS (Method 2) and Soil Profiles for Soil Site

Horizontal, Y (c.o.v.=20%) Vertical, Z (c.o.v.=25%)

100 LHS Simulations100 LHS Simulations

B2-67

Vs Profile (c.o.v.=20%) D Profile (c.o.v.=30%, correl. = -60))
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Seismic GRS (Method 2) and Soil Profiles for Rock SiteSeismic GRS (Method 2) and Soil Profiles for Rock Site
100 LHS Simulations100 LHS Simulations

Horizontal, Y (c.o.v.=20%) Vertical, Z (c.o.v.=25%)

B2-68
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Vs Profile (c.o.v.=20%) D Profile (c.o.v.=30%, correl. = -60))



Deterministic vs. Probabilistic SSI Analysis for Soil SiteDeterministic vs. Probabilistic SSI Analysis for Soil Site
CASE A: Deterministic Mean (Mean GRS, Soil LB, BE,UB, and CASE A: Deterministic Mean (Mean GRS, Soil LB, BE,UB, and StructStruct Mean Mean KeffKeff=0.90 and =0.90 and DeffDeff=6%)=6%)

BasematBasemat

Direction Y Direction Z

Det ranges

Prob 60%-80%
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Top of ASBTop of ASB

Direction Y Direction Z

Det ranges

Prob 85%-95% 

(UB role)



Deterministic vs. Probabilistic SSI Analysis for Rock SiteDeterministic vs. Probabilistic SSI Analysis for Rock Site
CASE A: Deterministic Mean (Mean GRS, Soil LB, BE,UB, and CASE A: Deterministic Mean (Mean GRS, Soil LB, BE,UB, and StructStruct Mean Mean KeffKeff=0.90 and =0.90 and DeffDeff=6%)=6%)

BasematBasemat

Direction Y Direction Z

Det ranges 

Prob 65%-80%
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Top of ASBTop of ASB

Det ranges 

Prob 65%-95% 

(UB role)



Deterministic vs. Probabilistic SSI Analysis for Soil SiteDeterministic vs. Probabilistic SSI Analysis for Soil Site
CASE B: Deterministic ASCE (Mean GRS, Soil LB, BE,UB, and CASE B: Deterministic ASCE (Mean GRS, Soil LB, BE,UB, and StructStruct Code Code KeffKeff=1.00 and =1.00 and DeffDeff=4%)=4%)

BasematBasemat

Direction Y Direction Z

Det ranges 

Prob 85%-80%

71
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Top of ASBTop of ASB

Direction Y Direction Z

Det ranges 

Prob 85%-95% 

(UB role)



Deterministic vs. Probabilistic SSI Analysis for Rock SiteDeterministic vs. Probabilistic SSI Analysis for Rock Site
CASE B: Deterministic ASCE (Mean GRS, Soil LB, BE,UB, and CASE B: Deterministic ASCE (Mean GRS, Soil LB, BE,UB, and StructStruct Code Code KeffKeff=1.00 and =1.00 and DeffDeff=4%)=4%)

Direction Y

(Transversal)

EPRI AP1000 Stick ModelEPRI AP1000 Stick Model
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Direction Z

(Vertical)

Y

NOTE: 229 node location 

sensitive to torsional and 

rocking motion components



Concluding RemarksConcluding Remarks

• The ASCE 04-2013 standard goal, that Deterministic SSI 

produces SSI responses that correspond to approximately 

80% NEP, is accomplished in an overall, average sense.

• Exceptions appear to corresponds to particular cases of large 

mass eccentricity structures that are more sensitive to mass eccentricity structures that are more sensitive to 

rotational motions, including torsional and rocking motions.   

More investigations are needed, and currently underway.

• Using lower damping in structure in Deterministic SSI analysis 

impacts larger for the rock sites for which radiation damping is 

much lower. More investigations are needed, and currently 

underway.
73
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SMR SSI Analysis Case StudiesSMR SSI Analysis Case Studies

74
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Excavated

Soil

ACS SASSI SMR SSI ModelsACS SASSI SMR SSI Models

SMR size:  100 ft x 100 ft X 200 ft

Shell Element size:  10 ft X 10 ft

Shell Thickness: 4ft for floors, 8ft 

for basemat

Solid size:  10 ft X 10 ft X 10 ft

Simple SMR Structure

40 ft Embedment
SMR SSI Model
(use FV method)

140 ft Embedment
SMR SSI Model
(use FV method)

Excavated

Soil

75
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SMR SSI Case StudiesSMR SSI Case Studies
SMR SSI Models:SMR SSI Models:

Case 1: SMR Structure with Surface Foundation (fictious, as a reference)

Case 2: SMR Structure with 40 ft Embedment (fictious, similar to NI embedment)

Case 3: SMR Structure with 140 ft Emdedment (closer to the real design)

Seismic Inputs:Seismic Inputs:

SITE RESPONSE: 

We considered a typical UHSRS shape inputs corresponding to the baserock (Vs=9200 fps)    

at the 500ft depth. 60 probabilistic site response simulations (convolutions) were performed at the 500ft depth. 60 probabilistic site response simulations (convolutions) were performed 

using randomized soil layering profiles for the UHSRS inputs at the 500 ft depth. 

SSI ANALYSIS:

Probabilistic SSI: We considered the 60 simulated in-column soil motions at the foundation 

level for the embedded models, and simulated surface motions for the surface model.

Deterministic SSI: We considered the outcrop probabilistic mean response spectra of the 60 

simulations, as the outcrop FIRS. Then, we performed 3 SHAKE type deterministic analyses for   

LB, BE and UB soil profiles to compute the in-column FIRS motions to be used for the 

deterministic SSI analysis. No adjustment was applied to the in-column FIRS to envelope the in-

column probabilistic mean FIRS. 
76
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SMR SSI Case StudiesSMR SSI Case Studies

SOIL LAYERING

1) Uniform soil profile 

(Vs = 2,000 fps down to 350 ft depth, baserock at 500 ft depth)

2) Nonuniform soil profile 

(variable Vs profile with stiffer layers about softer layers, baserock at  500 ft depth).

Probabilistic SSI: We considered the 60 randomized soil profiles. The Vs and Damping for each   

soil profile were considered as dependent random variables with lognormal distribution.  soil profile were considered as dependent random variables with lognormal distribution.  

Damping variable is considered statistically dependent (varying inversely than Vs) as 

recommended by ASCE 04-2014.  Vs c.o.v. was 0.20 and Damping c.o.v. was 0.35. The Vs  

profiles were assumed to have a spatial correlation corresponding to a 20 ft correlation length 

(as recommended by Popescu, Princeton, much lower than 2 ft correlation length 

recommended by Jeremic, UC Davis – 2ft correlation length appears to be too low for site 

response simulations, since Vs profile values at different close depths will be basically 

statistically independent…).  

Deterministic SSI: Based on the 60 probabilistic site response simulations we computed the 

deterministic LB, BE and UB soil profiles based on the 16%, 50% and 84% NEP for the Vs and 

Damping profiles. 77
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UHSRS Seismic Inputs at the UHSRS Seismic Inputs at the BaserockBaserock (Vs= 9,200 fps)(Vs= 9,200 fps)

78
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NonuniformNonuniform Soil Profile (Site 2) Soil Profile (Site 2) 

60 Probabilistic and  3 Deterministic Soil Profiles60 Probabilistic and  3 Deterministic Soil Profiles

Vs (fps)

Depth (ft)

Vs (fps)

79

Vs=9,200 fps
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Probabilistic Site InProbabilistic Site In--Column Motion Simulations (Site 2)Column Motion Simulations (Site 2)

(60 simulations vs. probabilistic mean RS)(60 simulations vs. probabilistic mean RS)
40 ft 40 ft 
DepthDepth

Horizontal Vertical140 ft Depth140 ft Depth

80
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Deterministic vs. Probabilistic InDeterministic vs. Probabilistic In--Column RS for Column RS for 

Outcrop FIRS Input Defined at 140 ft Depth (Site 2)Outcrop FIRS Input Defined at 140 ft Depth (Site 2)

140 ft 140 ft 
Depth Depth 
(FIRS)(FIRS)

Horizontal Vertical70 ft Depth70 ft Depth

81
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Probabilistic ISRS Simulations for 140ft Embedded SSI Model (Site 2)Probabilistic ISRS Simulations for 140ft Embedded SSI Model (Site 2)
BasemaBasema
tt

Horizontal Vertical
RoofRoof

82
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Deterministic vs. Probabilistic ISRS for 140ft Embedded Model (Site 2)Deterministic vs. Probabilistic ISRS for 140ft Embedded Model (Site 2)

BasematBasemat

Horizontal Vertical
RoofRoof

83
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BasematBasemat

Deterministic ISRS for 140ft Embedded Model for (Site 2) LB, BE and Deterministic ISRS for 140ft Embedded Model for (Site 2) LB, BE and 

UB Soils with Different Vs and Damping UB and LB Profile CombinationUB Soils with Different Vs and Damping UB and LB Profile Combination

Horizontal Vertical
RoofRoof

84

Limitation of 

Deterministic 

SSI Approach
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Effects of Kinematic SSI for Embedded SMRsEffects of Kinematic SSI for Embedded SMRs

(Site 2)(Site 2)140 ft Embedment140 ft Embedment 40 ft Embedment40 ft Embedment

STORY DRIFTSSTORY DRIFTS

Ground Surface

85

Ground Surface

NOTE: For 140 ft embedment the kinematic SSI  effects are significant, 10-90%, up to 

the ground surface elevation at 140 ft.

For 40 ft embedment the kinematic SSI much less significant, 1-5%, below the

the ground surface elevation at 40 ft. 
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Concluding RemarksConcluding Remarks

The current SSI analysis requirements related to the SSI analysis appear 

to be reasonable for SMRs. 

Probabilistic site response simulations based on convolve up procedures 

could produce highly non-flat FIRS (defined by the mean of outcrop 

motion RS at the foundation level). As a result of this the structural SSI 

responses are highly sensitive to the FIRS shapes. 

For the SMR embedded models SSI responses produced by the soil 

variation bounds, UB for shear modulus combined with LB for damping 

(UB-LB) and LB for shear modulus combined with UB for damping     

(LB-UB) might not produce upper bounded ISRS.

The effects of the kinematic SSI effects in terms of relative 

displacements in the basement, are reduced for the 40 ft embedment 

SMR model, and much larger for the 140 ft embedment SMR model.  

86
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Two engineering analysis option in ACS SASSI:

i) One step analysis using ACS SASSI for computing overall SSI responses 

motions, including ISRS, maximum accelerations and relative displacements 

within the structure, and structural forces and stresses (Option AA)

ii) Two step analysis using ACS SASSI in 1st step and ANSYS in 2nd step for 

computing forces and stresses in structure using a more refined structural 

ACS SASSI Version 3.0 TwoACS SASSI Version 3.0 Two--Step SSI Analysis Step SSI Analysis 

Using ANSYS Interfacing (Options A and AA)Using ANSYS Interfacing (Options A and AA)
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computing forces and stresses in structure using a more refined structural 

FEA modeling via ANSYS. The 1st step is the overall SSI analysis that is 

identical with the analysis above mentioned at item i). The 2nd step uses SSI 

responses as input BCs. The 2nd step consists in an equivalent (quasi)static 

stress analysis using a much more refined FE mesh structural model (via 

ANSYS static analysis). The 2nd step can be also a ANSYS transient  

analysis (no soil need to included in ANSYS model). (Option A)

The ACS SASSI-ANSYS interface is extremely efficient, very easy to use.



ACS SASSI Version 3.0 Advanced ANSYS ACS SASSI Version 3.0 Advanced ANSYS 

Integration (Option AA, in addition to Option A)Integration (Option AA, in addition to Option A)

Two  ANSYS interfacing options available:

1) Option A or ANSYS (updated for ANSYS V13-V14)

Perform ANSYS FEA based on ACS SASSI SSI analysis results 

(support motions and seismic forces) . Consider basemat
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(support motions and seismic forces) . Consider basemat

flexibility. Nonlinear aspects, as plasticity, uplift, sliding, gaps 

can be included in ANSYS second step.

2) Option AA or Advanced ANSYS (new for ANSYS V13-V14) 

Perform ACS SASSI SSI analysis using the ANSYS structural 

FE matrices (K,M and C)



ACS SASSI-ANSYS interfacing provides useful analysis capabilities:

For structural stress analysisstructural stress analysis:

- ANSYS Equivalent-Static Seismic SSI Analysis Using Refined FE 

Models (including refined mesh, element types including local 

OPTION A: ACS SASSIOPTION A: ACS SASSI--ANSYS Interface for SSI ANSYS Interface for SSI 

Analysis Using ANSYS ModelsAnalysis Using ANSYS Models
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Models (including refined mesh, element types including local 

nonlinearities, nonlinear materials, contact elements, etc.)

- ANSYS Dynamic Seismic SSI Analysis Using More Refined FE  

Models (including refined mesh, element types including local 

nonlinearities, nonlinear materials, contact elements, etc.)

For soil pressure computation (approximate):soil pressure computation (approximate):

- ANSYS Equivalent-Static Seismic Soil Pressure Computation 

including Soil-Foundation Separation Effects 
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ACS SASSI ACS SASSI –– ANSYS Interface for Refined Seismic Stress Analysis ANSYS Interface for Refined Seismic Stress Analysis 

Exported SSI ModelExported SSI Model

Detailed ANSYS ModelDetailed ANSYS Model

ANSYS Structural Model ANSYS Structural Model 

Automatically Converted From Automatically Converted From 

ACS SASSI Using PREP ModuleACS SASSI Using PREP Module
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ANSYS Refined Structural Model ANSYS Refined Structural Model 

Using EREFINE command orUsing EREFINE command or

ANSYS GUI (rank 1ANSYS GUI (rank 1--6)6)
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ACS SASSI ACS SASSI –– ANSYS Interface for Seismic Soil Pressure Analysis ANSYS Interface for Seismic Soil Pressure Analysis 

ANSYS Soil FE ModelANSYS Soil FE Model

Is Automatically  Generated Is Automatically  Generated 

by SOILMESH Moduleby SOILMESH Module
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Embedment mesh is extended. Embedment mesh is extended. 

User controls extension size and User controls extension size and 

mesh density. Can use EREFINE.mesh density. Can use EREFINE.

Contact surfaces automatically addedContact surfaces automatically added

By ACS SASSI SOILMESH module.By ACS SASSI SOILMESH module.



Exporting Equivalent Static Loads to ANSYSExporting Equivalent Static Loads to ANSYS

•• From ACS SASSIFrom ACS SASSI--MAIN MAIN 

select “ANSYS Static select “ANSYS Static 

Load” from the Run menuLoad” from the Run menu

•• Fill in the appropriate Fill in the appropriate 

boxes as described in the boxes as described in the boxes as described in the boxes as described in the 

documentationdocumentation

•• ANSYS APDL input files ANSYS APDL input files 

are created containing the are created containing the 

load data are created when load data are created when 

the user clicks “OK”the user clicks “OK”
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Example of Equivalent Static APDL File CreatedExample of Equivalent Static APDL File Created
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E176

Ground Surface For Ground Surface For 

ACS SASSIACS SASSI--ANSYS EquivalentANSYS Equivalent--Static SSI Stress Static SSI Stress 

Analysis for Surface and Embedded StructureAnalysis for Surface and Embedded Structure

Surface Concrete Surface Concrete 

Box (UHS Type)Box (UHS Type)
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E193

Ground Surface For Ground Surface For 

Embedded SSI ModelEmbedded SSI Model

Ground Surface Ground Surface 

Surface SSI ModelSurface SSI Model

2010 COPYRIGHT OF GP TECHNOLOGIES 2010 COPYRIGHT OF GP TECHNOLOGIES -- ACS SASSIACS SASSI--ANSYS INTEGRATION FOR SEISMIC SSI STRESS ANSYS INTEGRATION FOR SEISMIC SSI STRESS 

ANALYSISANALYSIS

96



SSI AnalysisSSI Analysis

Surface Concrete BoxSurface Concrete Box

SOLID ElementsSOLID Elements

ANSYS EquivalentANSYS Equivalent--Static vs. ACS SASSIStatic vs. ACS SASSI

SOLID ElementsSOLID Elements

Soil Vs=1000fpsSoil Vs=1000fps

2014 COPYRIGHT OF GP TECHNOLOGIES 2014 COPYRIGHT OF GP TECHNOLOGIES -- PRESENTATION NOTES, SHANGHAI, APRIL 3, PRESENTATION NOTES, SHANGHAI, APRIL 3, 
20142014

97



Flexible BaseFlexible Base
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Rigid Rigid BaseBase

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014 99



SSI AnalysisSSI Analysis

Deeply Embedded Concrete BoxDeeply Embedded Concrete Box

SOLID Elements SOLID Elements 

ANSYS EquivalentANSYS Equivalent--Static vs. ACS SASSIStatic vs. ACS SASSI

SOLID Elements SOLID Elements 

Soil Vs=1,000 fpsSoil Vs=1,000 fps
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SXX

SYY
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• From ACS SASSI-
MAIN select “ANSYS 
Dynamic Load” from 
the Run menu

• Fill in the appropriate 
boxes as described in 
the documentation

• ANSYS APDL input 

ANSYS Dynamic Load Generation from ACC FramesANSYS Dynamic Load Generation from ACC Frames

• ANSYS APDL input 
files are created 
containing the load 
data are created when 
the user clicks “OK”
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NOTE:  For embedded models, the input is the kinematic SSI accelerations 

and relative displacements calculated at different embedment depth levels.

REMARK: Rayleigh damping assumption  in ANSYS less realistic!



ANSYS Dynamic Load APDL File CreatedANSYS Dynamic Load APDL File Created
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SSI AnalysisSSI Analysis

Surface Concrete BoxSurface Concrete Box

SOLID ElementsSOLID Elements

Soil Vs=1,000 fpsSoil Vs=1,000 fps

ANSYS Dynamic vs. ACS SASSIANSYS Dynamic vs. ACS SASSI

Soil Vs=1,000 fpsSoil Vs=1,000 fps

Seismic Loading for ANSYS: Seismic Loading for ANSYS: 

Ground Acceleration Histories and Relative Ground Acceleration Histories and Relative 

Displacement Histories Displacement Histories wrtwrt FreeFree--Field Surface MotionField Surface Motion
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ANSYS Dynamic vs. ACS SASSI ANSYS Dynamic vs. ACS SASSI –– Surface SSI ModelSurface SSI Model
Above Ground Surface Above Ground Surface 
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ANSYS Dynamic vs. ACS SASSI ANSYS Dynamic vs. ACS SASSI –– for Surface SSI Modelfor Surface SSI Model

SYY

Below Ground Surface Below Ground Surface 
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OPTION AA: ACS SASSIOPTION AA: ACS SASSI--ANSYS Interface for SSI ANSYS Interface for SSI 

Analysis Using ANSYS ModelsAnalysis Using ANSYS Models

OPTION AA uses directly ANSYS structural model for SSI analysis

Sequence of Steps:

1) Develop ANSYS structural FEA model with no restrictions (any 

FE type, CE, rigid links)

2) If embedded, develop ANSYS excavated soil FEA model
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2) If embedded, develop ANSYS excavated soil FEA model

3) Using ADPL generate matrices K, M, C

4) Using ACS SASSI GUI read ANSYS model .cdb to convert 

geometry configuration for post-processing

5) Using modified HOUSE read and merge K, M and C matrices 

for FV, FI or FFV methods, and produce FE complex K matrix 

and mixed M matrix for SSI analysis 

6) Perform SSI analysis  with the same ANALYS module 



OPTION AA: Preliminary ANSYS steps for SSI analysis OPTION AA: Preliminary ANSYS steps for SSI analysis 

Matrices
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Step 1: ANSYS is used to build 

FEA Models for Structure and 

Excavated Soil and produces    

K, M and C matrices for these

Step 2: ACS SASSI SUBMODELER 
combines Structure and Excavated 
Soil after converting their ANSYS 
.cdb to ACS SASSI .pre format 



OPTION AA: 35,000 Node Embedded RB Complex;OPTION AA: 35,000 Node Embedded RB Complex;

Acceleration Transfer Function (ATF) Various LocationsAcceleration Transfer Function (ATF) Various Locations
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SOLID45

Concrete Pool ANSYS SOLID Model ExampleConcrete Pool ANSYS SOLID Model Example

SOLID185

1102014 COPYRIGHT OF GP 
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SHELL63

Concrete Pool ANSYS SHELL Model ExampleConcrete Pool ANSYS SHELL Model Example

SOLID181

1112014 COPYRIGHT OF GP 
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Concluding RemarksConcluding Remarks

New Option AA capability will improve significantly the FEA 

modeling by using up-to-date ANSYS FE types.

- Build excavated soil and structural models in ANSYS 

basically with no special restriction other than those of ANSYS

- Access to various ANSYS FE types, including piping, shell 
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- Access to various ANSYS FE types, including piping, shell 

elements including shear flexibility, etc.

- Include rigid links, constrained equations, etc.

Very practical, useful capability… 



Presentation ConclusionsPresentation Conclusions

In the last 10 years, great efforts in US, including both industry and In the last 10 years, great efforts in US, including both industry and 

Government, produced significant advancements in earthquake Government, produced significant advancements in earthquake 

engineering with emphasis on seismic SSI analysis methodologies engineering with emphasis on seismic SSI analysis methodologies 

as described in the EPRI TR# 1015111as described in the EPRI TR# 1015111--2007 and  ASCE 042007 and  ASCE 04--2014 2014 

standard, as partially discussed in this presentation.    standard, as partially discussed in this presentation.    
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standard, as partially discussed in this presentation.    standard, as partially discussed in this presentation.    

The ACS SASSI includes basically all the SSI approaches The ACS SASSI includes basically all the SSI approaches 

recommended by EPRI and ASCE 04recommended by EPRI and ASCE 04--2014 and additional ones.2014 and additional ones.
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ACS SASSI Version 3.0 Fast Nonlinear Analysis ACS SASSI Version 3.0 Fast Nonlinear Analysis 

Capability in Complex Frequency (Option Non)Capability in Complex Frequency (Option Non)

This capability is a novel nonlinear SSI approach for modeling of 

nonlinear hysteretic behaviors of reinforced concrete structures in 

the complex frequency domain. 

The new approach can be used to perform fast and accurate 
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The new approach can be used to perform fast and accurate 

nonlinear SSI analyses, including sophisticated nonlinear 

hysteretic models, at a small fraction of the runtime of a time 

domain nonlinear SSI analysis. 

Initially the new approach will be limited to low-rise shearwall

structures with planar walls (no curved walls)



EquivalentEquivalent--Linear System in Complex FrequencyLinear System in Complex Frequency

Based on the up-to-date literature, the nonlinear behavior of dynamic 

structural systems can be captured only by nonlinear time history analyses. 

Only simple equivalent linear (EQL) approaches were applied in frequency 

domain. As a result of the EQL model time invariant behavior, the SSI 

response could be either over or under estimated at different time moments. 

Linear Hysteretic ModelLinear Hysteretic Model NonNon--Linear Hysteretic ModelLinear Hysteretic Model

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 
2014

116

Frequency Domain                                        Time Domain 

(Time-Invariant System)                          (Time-Dependent System)

(Frequency-Invariant)                                (Frequency-Dependent)
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Linear Hysteretic (Voigt) Model in Complex FrequencyLinear Hysteretic (Voigt) Model in Complex Frequency

In complex frequency, Hooke Law is:

Linear Hysteretic Model Parameters:

(for elastic solid              )0
I

D =

( ) ( ) ( )
elast diss
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Energy Energy 
LossLoss

Strain Strain 
EnergyEnergy

( )* 2 21 2 2 1
R

D D iβ β β= − + −

In time domain, using Fourier duality:

real part         imag part

Using Fourier duality linear (nonlinear)  

time response can be mapped in a 

complex frequency response and vice-

versa.



10

15

20
 

Shear Wall Shear Model Hysteresis Loop in 3D ( Scale =0.2 )

Sample 2 Orig.

Sample 2 [real(K1)+j*imag(K2)]

Nonlinear Hysteretic Models in Time and Frequency Nonlinear Hysteretic Models in Time and Frequency 

Nonlinear Time

Nonlinear Frequency

To map a linear system response time history we need a linear (frequency-

independent) hysteretic model.  

To map a nonlinear system response time history we need a nonlinear 

(frequency-dependent) hysteretic model.
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Nonlinear Hysteretic Model in Complex FrequencyNonlinear Hysteretic Model in Complex Frequency

Nonlinear Time

Nonlinear Frequency

Nonlinear Time

Nonlinear Frequency
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Nonlinear Time

Nonlinear Frequency



FrequencyFrequency--Dependent Dependent LinearizedLinearized Hysteretic Models Hysteretic Models 

in Complex Frequency:  in Complex Frequency:  KauselKausel--AssimakiAssimaki ModelModel

Time ResponseTime Response Hysteretic LoopsHysteretic Loops

Kausel, E. and Assimaki, D. ,2002
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FrequencyFrequency--Dependent Hysteretic Model ResultsDependent Hysteretic Model Results

Kwak, D.Y.K., Jeong, C.G., Park, D. and Park, S. ,2008

121
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REMARK: Kausel and Assimaki (2002) and Yoshida et al. (2002) implementations 

lacked in the compatibility between the frequency and the time domain representations.



Nonlinear Plasticity FEA Models: ANACAP Model Nonlinear Plasticity FEA Models: ANACAP Model 

Nonlinear FEA results not fully in Nonlinear FEA results not fully in 

NUREG/CR-6925, BNL-NUREG-77370, 2006
122
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Nonlinear FEA results not fully in Nonlinear FEA results not fully in 

agreement with the experimental agreement with the experimental 

data from data from shearwallshearwall tests…..tests…..



Computational Steps:

• For the initial iteration, perform a linear SSI analysis using the elastic 
properties for the selected shearwall panels

• Compute the reinforced concrete shearwall panel behavior in time 
domain and frequency domain using the hysteretic model associated 

Nonlinear SSI Analysis in Complex Frequency:Nonlinear SSI Analysis in Complex Frequency:

domain and frequency domain using the hysteretic model associated 
to each selected panel

• Perform a new SSI analysis iteration using a fast SSI reanalysis 
(restart analysis) in the complex frequency domain using the 
hysteretic models computed in Step 2 for all selected panels

• Check convergence of the nonlinear SSI response after new SSI 
iteration, and go back to Step 2 if the convergence was not achieved. 
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ChenChen--Mertz Hysteretic Model for LowMertz Hysteretic Model for Low--Rise Rise ShearwallsShearwalls

Cheng and Mertz, 1989
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LowLow--Rise Rise ShearwallShearwall Building on A Rock SiteBuilding on A Rock Site

External Walls Internal Walls

125
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Transverse External Walls Transverse Internal Walls



ShearwallShearwall Back Bone Curves (BBC) for All Back Bone Curves (BBC) for All ShearwallsShearwalls

A number of 36 wall panels were modeled for nonlinear SSI analysis. 

For each BBC were determined based on ASCE 41-2006 and ASCE 43-05. 

Focus of the weak story (results shown for the panels  #19 and 23)
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Nonlinear SSI Analysis Convergence (Per Panel and Global) Nonlinear SSI Analysis Convergence (Per Panel and Global) 

0.30g ZPGA0.30g ZPGA 0.70g ZPGA0.70g ZPGA
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0.30g ZPGA0.30g ZPGA

Nonlinear SSI Analysis Iteration History for Panel # 19 Nonlinear SSI Analysis Iteration History for Panel # 19 

Story Drift

0.70g ZPGA0.70g ZPGA
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Stiffness

Damping



0.30g ZPGA0.30g ZPGA

Panel #23 Comparative Linear and Nonlinear Story DriftsPanel #23 Comparative Linear and Nonlinear Story Drifts
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0.70g ZPGA0.70g ZPGA



Panel #23 Hysteretic Loops for 1Panel #23 Hysteretic Loops for 1stst and Final Iterations and Final Iterations 
0.30g ZPGA0.30g ZPGA
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0.70g ZPGA0.70g ZPGA



0.30g ZPGA0.30g ZPGA

Panel #23: FrequencyPanel #23: Frequency--Dependent Stiffness and DampingDependent Stiffness and Damping

StiffnessStiffness DampingDamping
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0.70g ZPGA0.70g ZPGA

StiffnessStiffness DampingDamping



0.30g ZPGA0.30g ZPGA

Panel #23: Amplitude Fourier of Story Drifts and Shear ForcesPanel #23: Amplitude Fourier of Story Drifts and Shear Forces

Story Drift Fourier AmplitudeStory Drift Fourier Amplitude Shear Force Fourier AmplitudeShear Force Fourier Amplitude
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0.70g ZPGA0.70g ZPGA

Story Drift Fourier AmplitudeStory Drift Fourier Amplitude Shear Force Fourier AmplitudeShear Force Fourier Amplitude



ASCE 43ASCE 43--05 Inelastic Reduction Factors for Different Damage States05 Inelastic Reduction Factors for Different Damage States
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Nonlinear SSI and ASCE 43Nonlinear SSI and ASCE 43--05 Inelastic Reduction Factors05 Inelastic Reduction Factors

ASCE 43      ASCE 43      CalcsCalcs ASCE 43      ASCE 43      CalcsCalcs

0.30g ZPGA Design Level (LS0.30g ZPGA Design Level (LS--D) D) 0.70g ZPGA Review Level (LS0.70g ZPGA Review Level (LS--A)A)
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Large ductility demands



Nonlinear SSI and ASCE 43Nonlinear SSI and ASCE 43--05 Inelastic Reduction Factors05 Inelastic Reduction Factors

0.30g ZPGA0.30g ZPGA Nonlinear SSINonlinear SSI

ASCE 43ASCE 43--05 05 

(Full and Reduce Stiffness)(Full and Reduce Stiffness)

Nonlinear SSINonlinear SSI

ASCE 43ASCE 43--05 (Full and 05 (Full and 

Reduce Stiffness)Reduce Stiffness)
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0.70g ZPGA0.70g ZPGA

Nonlinear SSINonlinear SSI

ASCE 43ASCE 43--05 05 

(Full and Reduce Stiffness)(Full and Reduce Stiffness)

Nonlinear SSINonlinear SSI

ASCE 43ASCE 43--05 (Full and 05 (Full and 

Reduce Stiffness)Reduce Stiffness)



Concluding RemarksConcluding Remarks

• Nonlinear SSI analysis in complex frequency domain is a very 

promising engineering approach. It is at least 500 -1000 times 

faster than nonlinear SSI analysis in time domain. 

• It provides results consistent with the ASCE 43-05 standard 

recommendations.

• Nonlinear SSI analysis in complex frequency is much more • Nonlinear SSI analysis in complex frequency is much more 

robust that nonlinear SSI analysis in time domain that is much 

more sensitive, especially for higher frequencies. 
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SSSI Effects for Buildings in Dense Urban AreasSSSI Effects for Buildings in Dense Urban Areas

Study for evaluating the SSI and SSSI effects for neighboring 

structures in dense urban areas including the effects of incoherency.  

Subway Station (SS)   

Multistory Building

(MB)
Church   
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Seismic SSI Analysis InputsSeismic SSI Analysis Inputs
Seismic Input Motion at Ground Surface:

Soil Layering:

Design Spectrum (0.25g) Simulated Acceleration Input (0.25g)

Incoherent Motion:  2005 Abrahamson coherency model, with wave passage Va=1,300m/s 

Deep soft soil deposit, 

Vs = 260…..450m/s
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SSI Effects on ISRS for Multistory Building and ChurchSSI Effects on ISRS for Multistory Building and Church

XTransverse Longitudinal

Multistory Bldg.Multistory Bldg.

Transverse Longitudinal

Church Bldg.Church Bldg.

139

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014



Axial Forces Bending Moment

SSI Effects on Multistory Building Forces in Columns and WallsSSI Effects on Multistory Building Forces in Columns and Walls

Corner ColumnCorner Column

In-Plane  Normal

Stress
In-Plane Shear

Stress

Edge WallEdge Wall
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Two Different Layout Scenarios for SSSI Models Two Different Layout Scenarios for SSSI Models 

SSSI Model 2
(Parallel MB and SS)

SSSI Model 3
(Perpendicular MB and SS)
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SSSI Effects on ISRS and ZPA for Multistory BuildingSSSI Effects on ISRS and ZPA for Multistory Building

Transverse Longitudinal

ISRSISRS

Transverse Longitudinal

ZPAZPA
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SSSI Effects on Structural Forces/Stresses in MB and SSSSSI Effects on Structural Forces/Stresses in MB and SS

In-Plane Shear Column Bending

Moment

Multistory Bldg.Multistory Bldg.

In-Plane Shear

Stress
In-Plane Normal

Stress

Subway StationSubway Station
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Column 2

Column 4

SSSI Response Locations for MBSSSI Response Locations for MB
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Incoherent SSSI Effects on Horizontal ISRS for MB (Roof)Incoherent SSSI Effects on Horizontal ISRS for MB (Roof)

Transverse Longitudinal

Near SSNear SS

Transverse Longitudinal

Far from SS)Far from SS)
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Incoherent SSSI Effects on Vertical ISRS and ZPA for MBIncoherent SSSI Effects on Vertical ISRS and ZPA for MB

Far from SS Near SS

ZPAZPA

Far from SS Near SS
ISRSISRS
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Incoherent SSSI Effects on Horizontal ISRS and ZPA for C (Roof)Incoherent SSSI Effects on Horizontal ISRS and ZPA for C (Roof)

Long Trans

ZPAZPA

Long Trans
ISRSISRS
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SSSI Effects on Structural Forces/Stresses in MB and SSSSSI Effects on Structural Forces/Stresses in MB and SS

Axial Force

Bending Moment
MB Corner ColumnMB Corner Column

In-Plane Shear

Stress

In-Plane Normal

Stress

Subway Station WallSubway Station Wall
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SSSI Effects for Buildings in Dense Urban AreasSSSI Effects for Buildings in Dense Urban Areas

This study shows that for dense urban areas where buildings are 

close to each other, the SSSI effects could be quite large, between 

10% to 500% depending on the type of building. 

It should be noted that the SSSI effects are highly amplified due to 

motion spatial variation in horizontal direction, i.e. motion 

incoherency, that creates random differential phasing between incoherency, that creates random differential phasing between 

neighbor building motions.  

REMARK: It shows a deficiency of the current state-of-practice of 

seismic SSI analysis. Need to revise the requirements for seismic 

analysis in design codes. Need to use ACS SASSI V3.0 to capture 

these important SSI-related aspects that are typically ignored.   
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Seismic Analysis for 242m Highway BridgeSeismic Analysis for 242m Highway Bridge

.  

ACS SASSI Bridge SSI Model
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Seismic SSI Analysis InputsSeismic SSI Analysis Inputs
Seismic Input Motion at Ground Surface:

Soil Layering:

Design Spectrum (0.25g) Simulated Acceleration Input (0.25g)

Incoherent Motion:  2005 Abrahamson coherency model, with wave passage Va=1,300m/s 

Hard Soil: Vs=1,300m/s, Uniform Profile

Soft Soil: Vs=200m/s, Uniform Profile
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5052

5103

12411237

5122

13111307

5119

12761272

5116

5125

13461342

5113

13811377

5020

14511447

5086

14161412

5083

4840
Pier

SSI Response LocationsSSI Response Locations

ISRS Locations

Pier

Side 1

Side 2

Pier

Middle

4840
Pier

Side 2

ZPA and Force Profiles152
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SSI Response Acceleration Response SpectraSSI Response Acceleration Response Spectra

Longitudinal Transverse

SOFT

Vertical

Node 5083Node 5083
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SSI ZPA Profile at Pier Side 1SSI ZPA Profile at Pier Side 1

Longitudinal Transverse

Vertical

PierPier

Side 1Side 1
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SSI Maximum Displacement  Profile at Pier Side 1SSI Maximum Displacement  Profile at Pier Side 1

Longitudinal Transverse

Vertical

PierPier

Side 1Side 1
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SSI Response ZPA Profile at Pier Side 2SSI Response ZPA Profile at Pier Side 2

Axial Force Longitudinal

Shear Forces

Transverse

Shear Force

PierPier

Side 1Side 1
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SSI Response ZPA Profile at Pier Side 2SSI Response ZPA Profile at Pier Side 2

Bending Moment

Transverse Plane

Bending Moment

Longitudinal Plane
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Motion Incoherency Effects on Concrete BridgesMotion Incoherency Effects on Concrete Bridges

This study shows that the effects of motion incoherency and wave 

passage can increase the maximum elastic structural forces and 

moments in the bridge pier columns and piles by up to 500%. 

It should be noted that the SSSI effects are highly amplified due to 

motion spatial variation in horizontal direction, i.e. motion 

incoherency, that creates random differential phasing between incoherency, that creates random differential phasing between 

neighbor building motions.   

REMARK: It shows a serious deficiency of the current state-of-

practice of seismic SSI analysis. Need to revise the requirements 

for seismic analysis in design codes. Need to use ACS SASSI to 

capture these important SSI-related aspects that are typically 

ignored.
158

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014



PWR RB Stick Model

• 69 Piles, one at each basemat node

• Pile length = 40 ft

• Pile radius = 2.5 ft

Node 151 

(Top of CV)

Node 158 

(Top of IS)

Effects of Sand Liquefaction of RB on Piles Effects of Sand Liquefaction of RB on Piles 

.  

• Beams with masses used to model 

Containment Vessel (CV) and Internal 

Structure (IS)

• Foundation radius = 65 ft

• Selected output piles are attached to nodes 

1 and 46 (Center basemat and edge of 

basemat).

Node 1 (Bottom 

Basemat Center)

Node 46 (Bottom 

Basemat Edge)

Node 751 (Bottom 

of Edge Pile)

Node 211 (Bottom 

of Center Pile) 159
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Soil Liquefaction Effects on Pile FoundationsSoil Liquefaction Effects on Pile Foundations

This study shows that the local soil liquefaction effects could 

increase the shear forces and bending moments in piles by a factor 

of 200-300% due to large soil deformations. 

The soil liquefaction could also increase largely the structure inertial 

SSI effects.   

REMARK:

It shows a serious deficiency of the current state-of-practice of 

seismic SSI analysis for pile foundation. Need to use ACS SASSI 

V3.0 to capture these important SSI-related aspects that are 

typically ignored.
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Soil Layering Vs and Soil Layering Vs and VpVp Profiles Profiles 

Vs Vp 
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Seismic Input Ground Response  Spectra (GRS)Seismic Input Ground Response  Spectra (GRS)

Ground Surface Spectra

RG 1.60 Shape

Foundation Level Spectra

(In-Column Motions)
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Input Acceleration Time HistoriesInput Acceleration Time Histories
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Acceleration Response Spectra for Top of CSARS at Top of CS

Horizontal Vertical

Effects of Piles on RB SSI ResponseEffects of Piles on RB SSI Response

Acceleration Response Spectra for Top of CSARS at Top of CS

ARS at Top of IS

Horizontal Vertical
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Effects of Liquefaction for RB on PilesEffects of Liquefaction for RB on Piles

ARS at Basemat Center

Horizontal Vertical

ARS at Top of CSARS at Basemat Center

ARS at Basemat Edge

Horizontal Vertical
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ARS at Top of IS



Liquefaction Effects on Pile Forces and MomentsLiquefaction Effects on Pile Forces and Moments
Axial Force in Edge Pile Bending Moment in Edge Pile

166

2014 COPYRIGHT OF GP TECHNOLOGIES - PRESENTATION NOTES, SHANGHAI, APRIL 3, 2014



Thank you for your interestThank you for your interest

in ACS SASSI software!in ACS SASSI software!in ACS SASSI software!in ACS SASSI software!
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