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Purpose:

Present a top-level overview of the ACS SASSI 

software application to the seismic SSI analysis, 

including simple demonstrative examples.

Theoverviewincludes brief descriptions of the special 

SSI modeling capabilities ofOptions A-AA, NONand

PRO implemented in the support of the recent ASCE 

4-16 standard recommendations and the most recent 

USNRC requirements, including SMRs.
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Content:

1. ACS SASSI SSI Analysis Options

2. Modular Configuration and SSI Module Input Descriptions

3. UI Commands and Macros for SSI Model Checking and Result Post-

Processing Using Text Files

4. UI Commands for Fast Post-Processing of SSI Response Time Histories 

Using Full FE Model Binary Database

5. Option A-AA, ACS SASSI-ANSYS Interfacing, applicable to Multistep 

Nonlinear Analyses

6. Option NON, Nonlinear Structure Behavior for Concrete Structures

7. Option PRO, Probabilistic SRA and SSIA 

8. Show Demos 1, 7, 13
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1. ACS SASSI SSI Analysis Options
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The ACS SASSI Version 3 IKTR10_650k was tested for 3D SSI 

models with up to 640,000 nodes and 33,500 interaction nodes on 

typical 512 GB RAM workstations running under MS Windows 10. 

It is intentioned that the SSI model size limitation to 650,000 nodes 

to be relaxed from time to time in future as the MS Windows 

workstation RAM and HDD resources continue increase.

2018 ACS SASSI V3 Software IKTR10_650K
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New WRITE Option òExtend Integer Fieldsó 

for SSI Models with 100,000 to 650,000 Nodes



Ghiocel et. al., 2013, SMIRT22)

Typical ACS SASSI SSI Model

Linear of Nonlinear 

soil solid elements

MHI US-APWR

ACS SASSI MODEL 
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1) Main or Baseline 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 (Option AA), and/or in the 2ndstep for the detailed stress 

analysis using the SSI responses as input BCs (Option A)

3) Option NON. Nonlinear structure, applicable to concrete 

structures and base-isolation (per ASCE 4-16 Sections 3, 11,12) 

4) Option PRO. Probabilistic SRA and SSI analyses (per ASCE 4-

16 Sections  2 and 5)

2018 ACS SASSI V3 SSI Analysis Options
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2. Modular Configuration and SSI Module 

Input Descriptions
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ACS SASSI SSI Modules (Main Software)

1. EQUAKEïGenerates Control Motion

2. SOILïCompute Equivalent Soil Properties and Free-Field Motions

3. SITEïCompute Site Layering Behavior Under Different Wave Types

4. POINTïCompute Soil Layering Flexibilities Under Point Loads 

5. HOUSEïDefines the Structure and Near-Field Soil and Incoherence

6. ANALYSïCompute Impedances & Solves SSI Problem (ATF solution)

7. MOTIONïComputes Accelerations, RS in Structure/Near-Soil

8. RELDISP  - Computes Relative Displacements

9. STRESSïComputes Stresses/Strains in Structure and Near-Soil

10. COMBINïCombine ANALYS Solutions with Different Frequencies
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Auxiliary Programs: 

COMB_XYZ_STRAIN applicable to 3D nonlinear soil site response or SSI 

analysis using iterative equivalent linear procedure. Combines three 

directional shear-strains for X, Y and Z inputs in the nonlinear soil solid 

elements at each SSI iteration.

COMB_XYZ_THD applicable to nonlinear structure SSI analysis using iterative 

equivalent linear procedure (for Option NON). Combines directional node 

displacements for nonlinear shell walls and spring elements at each SSI 

iteration.

File8-CP-Resp-Recovering

This auxiliary code recovers the slave nodes response of the ANSYS CP 

constraints for Option AA. It finds the master nodes response, copies them to 

the corresponding slave nodes, then creates new file8 for further processing, 

based on the input information.

BuildFile77 applicable to incoherent SSI analysis of deeply embedded 

structures, such as SMRs. Very complex, needs support!
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ACS SASSI Modular Configuration
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Is based on Wiener-Levy Algorithmé

EQUAKE Spectrum Compatible 

Accelerograms are assumed 

to be Independent or Correlated 

Uses phasing 

from real 

records

Includes non-stationary correlation between X and Y components

Simulation of Input Control Motion (EQUAKE)



EQUAKE Module Capabilities ðFirm Soil Site 

WITHOUT SEED RECORDS WITH SEED 

RECORDS

16
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Site Response Via SHAKE Methodology (SOIL)

17

Equivalent Soil Properties and Motions are computed 

assuming Vertically Propagating S and P Waves 

Use international or British unit systems
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Nonlinear soil material curve database; 

Shear modulus and damping ration as 

functions of soil shear strain

User can add edit, delete,

and included new curves
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Input Acceleration Time History

Initial Soil Layering Properties

Final Soil Layering Properties

Computation of Equivalent Soil Properties

SOIL Module 

(based on SHAKE approach)

Computes Equivalent Soil 

Properties Using 

Seed-Idriss Equivalent

Linear Model
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Nonlinear Site Response

in time domain using

same theory as DEEPSOIL

SOIL Includes SHAKE orDEEPSOIL Option
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Selection of Seismic Wave Environment (SITE)

SITE Module 

Compute Site Response

Assuming A Selected

Seismic Environment 

Including SV, P and R- or

SH and L- wave

Combination  
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Input for Computing Soil Flexibility Matrix (POINT)

Radius for Transmitting Boundary

for point load at soil layer interface.

It depends on interaction node mesh.

POINT Module 

Compute Soil Layering

Flexibility Matrix
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Incoherent Motions with Directional Wave 

Passage Effects can be Included.

Multiple Excitations are applicable for 

Separate Isolated Foundations.

Spectral Amplification 

Factors are applied to 

Control Motion

Three deterministic  incoherent SSI approaches are 

available: 1) Linear or AS, 2) SRSS TF with zero phase, 

and 3) SRSS TF with coherent phase. 

Approach 1 and 2 used by EPRI (TR 1015111)

HOUSE include 

also a (hidden) 

node numbering 

optimization 

algorithm (1 in col 

1 line of .hou)

Inputs for Coherent and Incoherent SSI (HOUSE)
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Up to 50 stochastic wave field

simulations in a single SSI analysis 

run (up to 50 FILE77)

HOUSE Module for Incoherent SSI

Stochastic  approach for incoherent SSI. Use different SEED 

numbers for different simulations. Random phase is always 180.
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HOUSE Incoherent SSI Capabilities

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

1) 1986 Luco-Wong model (theoretical, unvalidated, geomanisotropic)

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 

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

REMARKS:

1) Also includes directionalAbrahamson or user-defined coherency models.

2) For general, more complex situations, can include nonuniform motion in horizontal 

planeby both amplitude and phase changes at different interaction nodes; 
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5.0=a 9.0=a

Y Y

X X

Rotated Axes

Global Axes

Radial vs. Directional Motion Coherency Models

RADIAL DIRECTIONAL

Applicable to the generic, Abrahamson models 

and user-defined, site-specific models
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Up to 50 stochastic SSI 

response simulations in a 

single SSI analysis run

(up to 150 FILE8s)

ANALYS Module Coherent & Incoherent SSI



MOTION New GUI Input
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Saveé = 1; FILE13 is saved, if 

baseline correction is selected;

Saveé = 2; FILE12 is saved, if 

needed



Spline Interpolation Applied to SSI Simulations

29
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Spline Interpolation Applied to Incoherent SSI 

Simulation Approach

30
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Relative Displacements Computed Using Baseline 

Correction (òApproximateó) and RELDISP (òExactó)

RELDISP solution is 

always accurate. 

Use RELDISP!.
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RELDISP Module

computes transfer

functions, TFD files,

and  motions, THD

files for relative

displacements.

Saving Results, THD files, for Post-processing.

Restart is used for generating frames for deformed 

shape plots and animations 

Computing Relative Displacements (RELDISP)


