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Day 1 Presentation Content:

1-Brief Overview of 2021 ACS SASSI NQA V4.3 New SSI Capabilities

2-Nonlinear Seismic SSI Analysis Based on Best Practices in        

US and Japan
2.1 ACS SASSI Nonlinear SSI Analysis Based on A Hybrid Frequency-Time 

Approach Using An Efficient Iterative Procedure

2.2 Nonlinear Modeling Assumptions for RC Walls

2.3 Nonlinear Modelling for Floor Cracking (next release)

2.4 Option NON Simple 

2.5 Option NON Advanced

2.6 Nonlinear SSI Analysis Case Studies

2.7 Concluding Remarks
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1. Brief Overview of 2021 ACS SASSI NQA V4.3 

New SSI Capabilities
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and UPLIFT

Option RVT-SIM (Random Vibration SSI)

ACS SASSI NQA V4.3 Toolboxes

Option 

UPLIFT

ACS SASSI NQA
Option 

RVT-SIM

Option UPLIFT (Foundation Uplift)



1) Main Software. Include advance pre-post processing, nonlinear soil modeling, 

motion incoherency, others. Plus, includes seismic motion simulation and site response 

capabilities.

2) Option A-AA. Integration with ANSYS. The ANSYS structure FE models can be 

used directly for the 1st step of the overall SSI analysis in ACS SASSI and/or in the 2nd

step for detailed stress analysis using SSI responses as input BCs (Option A)

Option AA-R extends Option AA to perform SSI analysis in ANSYS using ANSYS 

model with soil matrix MATRIX50 super-element coming from ACS SASSI.

3) Options NON Simple & NON Advanced. Nonlinear structure, applicable to 

concrete structures and base-isolation using iterative scheme (ASCE 4-16, ACI-318, 

and JEAC 4601-2015, AIJ RC).  

4) Option PRO. Probabilistic SRA and SSI analyses (ASCE  4-16 Sections 2 and 5.5, 

and RG 1.208 E)

5) Option RVT-SIM. No input time histories are required.

2021 ACS SASSI V4.3 Software Toolboxes
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1.Fast and Accurate SSI Analysis Using Flexible Volume Reduced-Order Modeling 

(FVROM and FVROM-INT). Applicable to Deeply Embedded SMR Structures 

Main Software and Option AA-R

2. Fast Nonlinear SSI Analysis Via Hybrid Complex Frequency-Time Domain 

Approach Combined withReduced-Order Modeling for Nonlinear Structures     

Option NON.

3. Foundation Uplift SSI Analysis Using Hybrid Complex Frequency-Time 

Domain Approach with Reduced-Order Modeling in Time-Domain 

Option UPLIFT.

4. Nonlinear Force PSD-Shape Based Iterative Equivalent-Linearization 

Option NON.

New Accurate and Highly Efficient Algorithms for SSI 
Analysis, Especially Nonlinear Analysis
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Fast FVROM-INT SSI Analysis Using Reduced-Order Excavated Soil
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Condensed

MATRIX50

ANSYS SSI Model
Including structure and 

condensed excavated soil as 

Super-Element (MATRIX50). 

ACS SASSI 
Excavated Soil Model

Condensed matrix files

Create MATRIX50 .sub 

files using ANSYS macros

FVROM for Option AA-R ANSYS Fast-Harmonic SSI Analysis Using 

Reduced Excavated Soil Matrix as MATRIX50 Super-Element
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Excavation matrix 

condensation

Create FILE8 for

ACS SASSI 

Post-Processing



Option NON Nonlinear SSI Analysis per US and Japan Standards
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Options for Flanges:

1) Japan AIJ RC

2) US ACI 318

Options for BBCs:

1) Japan JEAC 4601

2) US ACI 318/ASCE 4



Option UPLIFT SSI Approach Based on JEAC 4601-2015
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ACS SASSI V4.3 includes the Fourier zero-padding interpolation (FZPI) for acceleration histories 

for computing the response spectra in the high-frequency range per new ASCE 43-19 

requirements. FZPI can be used for a 0.005 sec time step for high-frequency RS up to 50 Hz with 

an error less than 10%. Linear interpolation error is about 30% at 50Hz.

New Fourier Acceleration Interpolation for High-Frequency RS

ROCK SITE
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Computing High-Frequency RS Using EQUAKE 

Fourier Zero-Padding Interpolation Example

ROCK SITE
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USB Key

Running PC

User 1

User 3

User 2

User 4

Windows RDPWindows RDP

Not Running PC Not Running PC

Not Running PC Not Running PC

SingleWorkstation License USB GreenKey (HL) or NoKey (SL)

(Current, Non-Floating License, Single Seat)
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USB Key

Not Running PC

User 1

User 3

User 2

User 4

Windows RDPWindows RDP

Running PC

Running PC Running PC

NetworkLicense with USB RedKey or No Key (SL)

(Non Floating License, Applicable to Cloud Systems, Single Seat )
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Running PC



2. Nonlinear Seismic SSI Analysis Based 

on Best Practices in US and Japan
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2.1 ACS SASSI Nonlinear SSI Analysis Based on A 

Hybrid Frequency-Time Approach Using An 

Efficient Iterative Procedure
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2. 1 ACS SASSI Nonlinear SSI Analysis Based on A Hybrid 

Frequency-Time Approach Using An Efficient Iterative Procedure

The implementedSSI hybridapproachusesan iterativeprocedure. Eachiterationi

includestwocoupledanalysisstepsusingtwostructuralmodels,asfollows:

Stepi1: Usesaniteratedñequivalently-linearòstructuralmodel,basedonequivalent-linear

hystereticcomponents,for performinga globalseismicSSI analysis(full model)in

complexfrequencytocomputedeformationofallcomponents, andthen,

Stepi2: Usesnonlinearmodelsfor hystereticcomponents(reduced-sizemodels), for

performinglocalñtrueònonlinearcomponentanalysesin timedomainbasedonboundary

displacementscomputedinStepi1.

Theiterationsareconvergedwhenthenonlinearresponsesin Step2 donotchange,or

changeonlynegligibly,fromaniterationto thenextiteration. Typically,4-8 iterationsare

requireddependingonthenonlinearitylevel(2-4 linearSSIruntime).
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Frequency and Time Domain Hysteretic Systems

Hybrid Approach with Reduced-Order Modeling for Structure:

- Fast and accuratenonlinear SSI analyses at small time fractions (<< 1%) of time domain nonlinear analyses. 

- More robust than nonlinear time integration approaches to numerical noise, damping effects                           

- Made compliant with standard and regulatory requirements based on experimental test data.

Frequency Domain                                                        Time Domain 

Linearized Hysteretic Model                                       Degrading Hysteretic Model

Frequency Hysteretic Model Time-Domain Hysteretic Model
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Nonlinear Structure SSI Analysis Using A Hybrid Frequency-Time 

Domain Approach (Iterative Coupled Global-Local Iterations) 
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Computing Equivalent Stiffness (Eeql) Computing Equivalent Damping (Deql)

Computing Equivalent-Linear Dynamic Stiffness and Damping  
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DRF=Eff Displ/Max Displ

Kel

Keql
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Applied to Structure Nonlinear SSI Analysis (up to 3-8 iterations) 

Elastic vs. Nonlinear 1st Iteration vs. 8th Iteration

ACS SASSI Option NON 



Applied to Embedded SMR with Wall-Soil Friction Interface

Side-soil interface 

friction modeled using 

nonlinear springs:

Nonlinear interface

Rigid springs in normal directions X, Y 

and Z, and nonlinear springs in 

tangential directions X, Y and Z. 

Friction forces vary with depth.
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BBCs are computed based on the 

increasing static soil pressure on the 

lateral wall down to the layer for 

which the interface shear stress is 

above 2ksf (API standard). 

Yielding 
Point

Nonlinear 

Shear Springs
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Reduced Foundation Sliding

Applied to Base-Isolators, Wall-Soil Slip, or Checking Sliding

Hysteretic Base-Isolators


