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Part 4 Presentation Content:

1. Option A-AA: Integration with ANSYS Modeling

2. Option NON: Nonlinear SSI Analysis for Nonlinear RC Shearwall

Structures
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1. Option A-AA: 

Integration with ANSYS Modeling 



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes
4

Two engineering analysis options in ACS SASSI:

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

ACS SASSI or ANSYS FE model (Option AA, AA-R)

ii) Two Step analysis using ACS SASSI in 1st step and ANSYS in 2ndstep. The 2nd

step uses SSI response as input BCs(Option A).

Option AA-R uses ANSYS for harmonic SSI analysis by exporting the condensed excavated soil 

impedance matrix from ACS SASSI as a  frequency dependent MATRIX50 super-element.

ACS SASSI-ANSYS Integration Capabilities (Options A and AA)



Option A-AA Menu Selections

Option A-AA Specialized 

Analysis Menus
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ACS SASSI-ANSYS interfacing provides useful analysis capabilities:

For structural stress analysis (Demo 5):

-ANSYS Equivalent-Static Seismic SSI Analysis Using Refined FE 

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) (Demo 6):

-ANSYS Equivalent-Static Seismic Soil Pressure Computation 

including Soil-Foundation Separation Effects 

OPTION A: ACS SASSI-ANSYS Interface for SSI 

Analysis Using ANSYS Models
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UI Input for Option A Equivalent Static Option



UI Input Windows for Option A Dynamic Option
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Same mesh for 

ANSYS and ACS 

SASSI models is 

recommended for 

stress analysis.



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes

10

Option A for A Refined Seismic Stress Analysis (Demo 5) 

Exported SSI Model

Detailed ANSYS Model

ANSYS Structural Model 

Automatically Converted From 

ACS SASSI Using PREP Module

ANSYS Refined Structural Model 

Using EREFINE command or

ANSYS GUI (rank 1-6)

Demo 5



Option A-Based Nonlinear Analysis for Computing 
Soil Separation Effects (2nd Step is in ANSYS)

SASSI 1st Step

SSI Analysis

ANSYS 2nd Step

EQ Nonlinear Analysis

(Including Dead Load)
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Option A for Seismic Soil Pressure Analysis (Demo 6) 

ANSYS Soil FE Model

Is Automatically  Generated 

by SOILMESH Module

Embedment mesh is extended. 

User controls extension size and 

mesh density. Can use EREFINE.

Contact surfaces automatically added

by SOILMESH and SOILCONTACT commands.

Demo 6



Soil Separation Example Using Two-Step SSI Approach

20-25 ksf

12 ksf

With Separation

Welded

SASSI Soil Pressures

ANSYS 2nd Step

Nonlinear AnalysisACS SASSI 1st Step

EQL SSI Analysis

(Ghioceland Saremi, SMiRT24 Paper 468, 2017)

ACS SASSI Soil Pressures (Option A)
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1g Acceleration
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Flexible Base (w/ Displ. BC)SURFACE SSI MODEL
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Rigid Base (w/o Displ. BC)SURFACE SSI MODEL
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UI Input for Option A Equivalent Static Option
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SOILMESH, <Model>,<Scale X>,<Scale Y>, <Hori>, 

<Vert>,<mX>, <mY>,<Thick>,<Contact> ,<RC num> 

The SOILMESH command creates a soil FE mesh for the

active model and stores the model data in the user specified Model.

<Model>- User specified integer model number.

<Scale X> - Percentage of growth in the X direction of each level, i.e. 0.07

<Scale Y> - Percentage of growth in the Y direction of each level, i.e. 0.07

<Hori> - Number of horizontal levels to build away from the embedment.

<Vert> - Number of vertical levels to build away from the embedment.

<mX> - Centroid correction in the X direction

<mY> - Centroid correction in the Y direction

<Thick> - Thickness of each new level.

<Contact> - If equal 0 for no contact surfaces, 1 for contact surfaces 

<RC num> - Defines the constant set number to be used in ANSYS for the 

contact surface Real Constants

WARNING: It does not work for nonverticalwalls.



Example of ADPL file for Soil FE Model
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UI Input Windows for Option A Dynamic Option

Compute absolute displacements

(relative SSI plus free-field motion).

Include contact surface for ANSYS.

Useful for ANSYS dynamic analysis option for 

2ndstep structure stress nonlinear analysis 

(ASCE 4-16 Chapters 8, 11, 12)

SOILCONTACT Command

2021 Copyright of Ghiocel Predictive 
Technologies, Inc.. All Rights Reserved. 5-
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OPTION AA: ACS SASSI-ANSYS Interface for SSI 

Analysis Using ANSYS Models (Demo 7)

OPTION AA uses directly ANSYS structural model for SSI analysis

Sequence of Steps:

1) Develop ANSYS structural FEA model with no modeling restrictions 

(any FE type, CP, CE, rigid links)

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

3) Using an ANSYS ADPL macro generate matrices K, M, C

4) Using ACS SASSI UI read ANSYS model .cdbfor structure and 

excavation to convert the ANSYS model geometry configuration to 

ACS SASSI for post-processing

5) Merge Structure and Excavation models using new UI. Add interaction 

nodes and AFWRITE the SSI model to produce HOUSE input.

6) Run SSI analysis using HOUSEFSA and ANALYSFSA
Demo 7
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Steps for Running SSI analysis Using ANSYS Model 

Step 1: ANSYS is used to build 

FEA Models for Structure and 

Excavated Soil and produces    

K, M and C matrices using ANSYS 

macro and SSI2ANSYS code

ANSYS Matrices

Step 3: Run HOUSEFSA 

run of SSI model

FILE4
COOSK
COOSM
DOFSMAP

Step 2: ACS SASSI User Interface 

combines Structure and Excavated 

Soil after converting their ANSYS .cdb

to ACS SASSI .pre format. Generate 

HOUSE input file (.hou) 
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FOR STRUCTURE ANSYS Model:

At the ANSYS command line input  

gen_kmc,'.',0,'.'

APDL Macro produces the following files: 

coosk_r, cooski_r, coosm_r, coosmi_r, coosc_r, coosci_r, and

Node2Equ_Stru.map

FOR EXCAVATION ANSYS Model:

At the ANSYS command line input  

gen_kmc,'.',1,'.'

APDL Macro produces the following files: 

cooek_r, cooeki_r, cooem_r, cooemi_r, cooec_r, cooeci_r, and

Node2Equ_Excv.map

Using ANSYS with gen_kmc.mac APDL Macro
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Using ANSYS with gen_kmc.mac APDL Macro

ANSYS Model K, C and M Matrix Files (APDL macro)

ANSYS Model Mapping Files (APDL macro)

ANSYS Model .cdbFiles (ANSYS)
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User Interface Procedure to Merge ANSYS 

Structure and Excavation Models for Option AA 
It is assumed that the ground surface is at Z=0. and the FV method will be used

*Convert  ANSYS Structure.cdbin Model 1

Actm,1

Convert,ansys,struct.cdb,32.2

Etypegen,1

Actm,2

Convert, ansys,Soil.cdb,32.2

* Define excavation elements of type 2

Etypegen,2

* Create SSI model by combining Models 1 and 2 in Model 3

Actm,3

MergeSoil,1,2,1,,,,mappingfile.txt

Groundelev, 0

Intgen, 1



ÅSOLID element types: SOLID45 and SOLID185;

ÅSHELL element types: SHELL63 and SHELL181;

ÅBEAM element types: BEAM44 and BEAM188; 

ÅPIPE element types: PIPE288;

ÅCOMBIN element types: COMBIN14;

ÅCouple nodes (CP command) and Constraint equations (CE command)

ÅMultipoint constraint element types: MPC184 Rigid Link and Rigid Beam

ÅFluid element types: FLUID80 (legacy element). 

ÅMATRIX50 Super Element 

- Included in Option AA using ANSYS model 

- Converted to General Matrix Element for the ACS SASSI Model

ANSYS FE Types Compatible with Option AA

25
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REMARK: Not all keyopt or othere parameter values work!
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Fluid Surface Acceleration at Center (Input 0.3g)

Wall Transverse Acceleration at Center (Input 0.3g)
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Pool Water Wave Displacement Response



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes

28

OPTION AA: ACS SASSI-ANSYS Interface for SSI 

Analysis Using ANSYS Models (Demo 7)

OPTION AA uses directly ANSYS structural model for SSI analysis

Sequence of Steps:

1) Develop ANSYS structural FEA model with no modeling restrictions 

(any FE type, CP, CE, rigid links)

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

3) Using an ANSYS ADPL macro generate matrices K, M, C

4) Using ACS SASSI UI read ANSYS model .cdbfor structure and 

excavation to convert the ANSYS model geometry configuration to 

ACS SASSI for post-processing

5) Merge Structure and Excavation models using new UI. Add interaction 

nodes and AFWRITE the SSI model to produce HOUSE input.

6) Run SSI analysis using HOUSEFSA and ANALYSFSA
Demo 7
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Steps for Running SSI analysis Using ANSYS Model 

Step 1: ANSYS is used to build 

FEA Models for Structure and 

Excavated Soil and produces    

K, M and C matrices using ANSYS 

macro and SSI2ANSYS code

ANSYS Matrices

Step 3: Run HOUSEFSA 

run of SSI model

FILE4
COOSK
COOSM
DOFSMAP

Step 2: ACS SASSI User Interface 

combines Structure and Excavated 

Soil after converting their ANSYS .cdb

to ACS SASSI .pre format. Generate 

HOUSE input file (.hou) 



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes
30

FOR STRUCTURE ANSYS Model:

At the ANSYS command line input  

gen_kmc,'.',0,'.'

APDL Macro produces the following files: 

coosk_r, cooski_r, coosm_r, coosmi_r, coosc_r, coosci_r, and

Node2Equ_Stru.map

FOR EXCAVATION ANSYS Model:

At the ANSYS command line input  

gen_kmc,'.',1,'.'

APDL Macro produces the following files: 

cooek_r, cooeki_r, cooem_r, cooemi_r, cooec_r, cooeci_r, and

Node2Equ_Excv.map

Using ANSYS with gen_kmc.mac APDL Macro
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User Interface Procedure to Merge ANSYS 

Structure and Excavation Models for Option AA 
It is assumed that the ground surface is at Z=0. and the FV method will be used

*Convert  ANSYS Structure.cdbin Model 1

Actm,1

Convert,ansys,struct.cdb,32.2

Etypegen,1

Actm,2

Convert, ansys,Soil.cdb,32.2

* Define excavation elements of type 2

Etypegen,2

* Create SSI model by combining Models 1 and 2 in Model 3

Actm,3

MergeSoil,1,2,1,,,,mappingfile.txt

Groundelev, 0

Intgen, 1



ÅSOLID element types: SOLID45 and SOLID185;

ÅSHELL element types: SHELL63 and SHELL181;

ÅBEAM element types: BEAM44 and BEAM188; 

ÅPIPE element types: PIPE288;

ÅCOMBIN element types: COMBIN14;

ÅCouple nodes (CP command) and Constraint equations (CE command)

ÅMultipoint constraint element types: MPC184 Rigid Link and Rigid Beam

ÅFluid element types: FLUID80 (legacy element). 

FLUID30 can be included using the new Option AA-REDUCE or AA-R 

using a condensed excavated soil stiffness matrix (NuScaleSSI 

methodology for Fluid-SSI analysis)

ÅMATRIX50 Super Element 

- Included in Option AA using ANSYS model 

- Converted to General Matrix Element for the ACS SASSI Model

ANSYS FE Types Compatible with Option AA

32
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REMARK: Not all ANSYS keyoptsor all input parameter values work!



3

3

Using ANSYS MATRIX50 to Build Super Elements

(see Demo 11 and V&V Pb52) 
Full Model

Structure 
Structure 

and SE 

SE
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4
ANSYS Super Element (SE) Converted to ACS SASSI 

Using General Matrix Elements (GM)

Super-Element

Main Model
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5
ANSYS Super Element (SE) Using Option AA By 

Adding Main Model and SE Model Matrices

Super-Element

Main Model



Option AA-REDUCE or AA-R
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TheOptionAA-R largelyextendstheOptionAAcapabilityofusingdirectly

ANSYSstructureFEmodelsforseismicSSIanalysis. TheOptionAA-R

ANSYSmodelsareapplicableonlytotheANSYSHarmonicSSIanalysisin

complexfrequency.

TomakeOptionAA-Rmorepracticala reduced-sizesoilimpedancematrix

and a reduced-size seismicload vector are used, based on the

condensationof the excavatedsoil impedancefull matrixdonein the

ANALYSmodule. Thereis nolossofaccuracyinSSIsolutionbyusingthe

reducedsoilmatrixandreducedloadvector.

Furtherthe frequency-dependentcondensedexcavatedsoil matrixand

loadvectorproducedbyANALYScanbeexportedto ANSYSasa super-

element(MATRIX50element)thatis attachedto theANSYSstructureFE

model.

Option AA-R Capability Description
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Condensed

MATRIX50

ANALYS Condensation Run

ANSYS Model
Including condensed excavated 

soil matrix as Super-Element

(MATRIX50)

ACS SASSI 
Excavated Soil Model

Condensed matrix files

Create MATRIX50 .sub files 

using ANSYS macros

Option AA-R Flowchart for ANSYS SSI Analysis
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For embedded models, the ANALYS module includes a new option to condense the excavated 

soil impedance matrix. This static condensation is performed for the excavated soil dynamic 

stiffness matrix Ἠʖ at each SSI frequency.  Then, the SSI response is obtained using the 

reduced SSI system at each SSI frequency. 

Currently the condensed matrix is transferred to ANSYS as a frequency-dependent super 

element (MATRIX50) via Option AA-R.

The condensed equations of SSI system motion include only the foundation-soil interface 

nodes, or more generally, the excavated soil model-structure model interface :

ὅ ὤ Ὗ ὅ Ὗ Ὂ

ὅ Ὗ ὅ Ὗ π

Excavated Soil Impedance Condensation
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ANSYS SSI Harmonic Analysis Via Option AA-R. 

ACS SASSI Condensed Soil Matrix Passed to ANSYS

The ACS SASSI condensed excavated soil impedance matrix passed as a super-

element (SE) to ANSYS that is automatically integrated with ANSYS structure model.
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ACS SASSI excavation 

impedance

condensation run
ANSYS or ACS SASSI to 

prepare excavation

FE model for ACS SASSI 

condensation run

ANSYS SSI harmonic 

analysis run using 

prepared macros

40



ACS SASSI ANALYS Run Option for Excavation 
Soil Impedance Condensation 

ÅStep 1: Build the excavated soil model in ACS SASSI or ANSYS. This 

model should be mesh compatible with  the ANSYS  structure  model to 

be used via Option AA-R;

ÅStep 2: Prepare the SSI analysis inputs for ONLY excavated soil model

ÅStep 3: Generate the nodes mapping file, INT_NODES_IF, between the 

interface nodes of excavation and structure models; see CONDMAP

ÅStep 4: Run ACS SASSI SSI Modules as follows.

SITE Module Č POINT Module Č HOUSE Module Č ANALYS with 

ñCondense Impedanceò Option (Mode=7)

After ANALYS completes the condensation matrices and load vectors are 

generated in the work folder, IMP_EXCVxxxand IMP_EXCV_xxx, plus a 

equation mapping file DOFSMAP_IMP_EXCV ,

ÅStep 5: Copy the condensation files to the ANSYS work folder for 

performing ANSYS SSI harmonic analysis later. Next ANSYS will need to 

be run using the prepared macros installed in \ANSYS\ installation folder
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ANSYS SSI Harmonic Analysis Using Condensed 
soil  Impedance and Seismic Load Vectors

ÅStep 1: Make sure  your structure  model in ANSYS is met the requirements 

for SSI analysis, pay special attention to define the correct material 

damping for the model (differences in ANSYS V17 and V19);

ÅStep 2: Prepare a text file to define the harmonic frequencies for SSI, which 

would be same frequencies in ACS SASSI analysis;

ÅStep 3: Run ANSYS, enter the macro ñdo_cdns_ssiò with right parameters. 

This macro will call other macros to perform the SSI harmonic analysis 

using the given frequency data, condensation matrices, and load vectors. 

The macro does automatically the tasks:. 

1>Add the super-element (MATRIX50) to ANSYS structure model;

2>Generate super-element file .SUB using the first frequency 

condensation matrix using ñprep_se.exeò and node mapping information. 

3>Do full SSI harmonic analysis for first frequency;

4>Loop over the other frequency doing harmonic analysis;

ÅStep 4:Post-processing SSI analysis results (generating FILE8)
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To run the ANSYS SSI harmonic analysis, the user needs ONLY to input 

in the ANSYS command line the name of the do_cdns_ssimacro:

where the ssi_freqs.txt file includes the SSI analysis frequencies

The Option AA-R files required for the ANSYS Runs are: 

Option AA-R Files for ANSYS SSI Analysis 
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do_cdns_ssi,'structure_modelname,'ssi_freqs','txt'



ANSYS do_cdns_ssiMacro
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Remarks:

- Embedded RB SSI Model has 11195 nodes and 11756 SHELL elements

- Excavated soil includes 20 Embedment Layers (1.2m thickness), 15309 nodes

- Uniform soil with Vs = 720m/s

- Excavation has a regular mesh

Option AA-R Sensitivity Studies for Embedded RB
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