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New ACS SASSI NQA V4.2 Capabilities for Improving SSI 

Analysis of Embedded Structures and SMRs Based on 

ASCE 4-16 and JEAC 4601-2015 Guidelines

New ACS SASSI NQA V4.2 Release Tentative Date: October 31, 2020

Note: A detailed technical brochure will be available by early October
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1. Fast and Accurate SSI Analysis Using Flexible Volume Reduced-Order 

Modeling. Applicable to Deeply Embedded Structures and SMRs

(Slide 3-10). Main Software

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

Approach Combined with Reduced-Order Modeling for Nonlinear Structures     

(Slide 11-33). Option NON.

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

Domain Approach with Reduced-Order Modeling of Foundation-Soil Interface

(Slide 34-41). Option UPLIFT.

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

(Slide 42-45). Option NON.

New ACS SASSI V4.2 SSI Capabilities
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1. Fast and Accurate SSI Analysis Using Flexible 

Volume Reduced-Order Modeling. (Main Software)

Note: Highly Efficient for Deeply Embedded Structures and SMRs.              

It reduces the overall SSI analysis runtime for deeply 

embedded or large-size SMRs by 5-10 times!

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved. 3



Fast and Accurate SSI Analysis Using FV Reduced-Order Modeling
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Fast ACS SASSI Analysis Using Condensed Excavated Soil Matrix
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RB Complex SSI Model Information:

• Number of Nodes: About 80,000

• Number of Interaction Nodes: About 8,000 

• Embedment Depth: 45 ft

• Excavation includes 6 Embedment Layers

• Direct SSI Approach: Fast FV with 4 out of 7 
interaction node layers

Seismic SSI Analysis Runtime:

ACS SASSI Direct Runtime: 733 units

ACS SASSI with Condensation Runtime: 176 units

Speed Up due to Condensation: 4.2

Embedded RB ACS SASSI Analysis for Direct SSI vs. Reduced SSI

Larger speed ups up to 10 times or even more are expected for larger-size SSI models 

with deep embedment and larger number of interaction nodes.
2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.

6



Embedded RB SSI Analysis: Direct SSI (FFV) vs. Reduced SSI

Top of Containment ShellTop Corner of NI
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Deeply Embedded SMR Analysis; Direct SSI (FV) vs. Reduced SSI

Top of SMR StructureBasemat Center
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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

ACS SASSI Option AA-R for 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



ANSYS Fluid SSI Analysis (with FLUID30) Via ACS SASSI Option AA-R. 

Condensed Excavation Soil Matrix is Passed to ANSYS for FSSI Analysis.

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
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2. Fast Nonlinear SSI Analysis Via Hybrid Frequency-Time 

Domain Approach Combined with Reduced-Order Modeling 

for Nonlinear Concrete Structures (Option NON)

Note: Nonlinear SSI approach is developed in compliance with the recent 

ASCE 4-16 and JEAC 4601-2015 standard recommendations. Validated 
against actual project results, OpenSees software and wall test data.
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ACS SASSI Nonlinear SSI Analysis Flowchart (Option NON)
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Steps 1-2: Prepare the 3DFEM with Separate Shell Groups for Walls

Use ACS SASSI UI Section-cut commands to split the 

3DFEM model in Wall submodels (Shell Groups).

The 3DFEM and Wall submodel .pre file are used next to 

perform automatic section-cuts, section geometry 

identification for each wall submodel. 



Examples of Splitting 3DFEM Model in Wall Submodels
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Steps 3: Perform SSI Analysis for Gravity and Seismic Loads

Step 3:

Perform SSI analysis (Batch)

1) Perform seismic ACS SASSI SSI analysis for the 

3DFEM model using “Simultaneous Cases” 

ANALYS option to get FILE8s for post-processing

Step 4:

STRESS post-processing runs (Batch):

2) Run STRESS for the seismic inputs in X, Y and Z 

directions and create three binary DB for each input 

direction.

3) Run STRESS for the gravity (static) load for Z 

direction and create gravity binary DB 

Combine Three Seismic STRESS binary BD:

4) Use COMBTHSDB to combine the seismic binary 

DBs for X, Y and Z in a single binary DB.

The Gravity and Seismic binary DBs are used in 

Step 5 for automatic section-cut calculations.
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Step 5:

Batch Section_Cut_for_BBC Module_runs:

This module performs automatic section-cuts and 

identify the section geometries for all floor levels.

Output files:

The Section_Data_for_BBC.out output file produced 

by the run includes section-cut forces and geometry 

to be reviewed by the user in Step 6.

The Modelname_Section_Data.out as the general 

output file with input data and section geometry 

results.

The Modelname_Section_Data.txt , output file with 

the section data and other required input data for next 

step

Section_Cut_for_BBC Module Run and Files (Step 5)
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Analyst Review of Section_Data_for_BBC.out File (Step 6)
Step 6: 

Analyst shall edit the Section_Data_for_BBC.out file for 

checking the automatic generated section-cut geometries 

(web and effective flanges sizes including floor openings 

effects). The analyst can modify section parameters based 

on engineering judgements and need to input concrete and 

steel nonlinear material parameters. Analyst should save 

the revised file as Revised_Section_Data_for_BBC.in file. 

This file is used as an input of Step 7.

Automatic Section_Data_for_BBC.out

(Step 5) 

Revised_Section_Data_for_BBC. in (Step 6) 

Section data are provided in international units (kN and m)



Revised_Section_Data_for_BBC.in File Data Description
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These are parameters shall be input 

by analyst for each wall submodel

Revised_Section_Data_for_BBC.in File Data Description



Revised_Section_Data_for_BBC.in Input for BBC_JEAC_4601_2015 Module

Example for Wall 5 with 3 Floors (and Sections)
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Section data are provided only in 

International system (kN and m)
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Step 7:

Batch BBC_JEAC_4601_2015 Module_run:

This module computes the shear and bending BBC for each Wall submodel based on JEAC 4601-2015 App.3.7 approaches. For the shear 

BBC, the ultimate state shear stress is computed for both exterior walls (App.3.7 equations) and internal walls (Ref.App.3.7-14).

Output files for each RC Wall Submodel:

The computed shear BBC are saved in two text files, namely Modelname_BBC_.out and BBC_Shear.pre. The units in the output file are N 

and mm for International units or Kip and ft for British units and it depends on how the 3DFEM model is defined in the .pre input file. The 

output file contains the computed shear stress in N/mm2, while in the BBC_Shear.pre file the shear force in given kN or Kip. 

The computed bending BBC are saved in three files, the BBC_JEAC_4601_Data.out file and two BBC_Bending.pre files, one .pre file for 

minimum moments and one .pre file for average moments. The minimum and average moments are computed based on two cases:      

1) Flange 1 is in compression and 2) Flange 1 is in tension. The moment  units in the output file are kN-m, while in the BBC_Bending.pre

files is given in kN-m or Kip-ft. Analyst has to decide if uses minimum or average moments.

Step 8:

User needs to integrate the computed BBC which are in the shear and bending BBC .pre files with the 3DFEM .pre file, or read directly the 

BBC .pre files with the UI, and then using AFWRITE to create the .eql file that is the necessary input file for the NONLINEAR module. 

BBC_JEAC_4601_2015 Module Run and Files (Step 7 and 8)
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Bending BBCs Computed for External and Internal Walls Using 

BBC_JEAC_4601_2015 Module



Modelname_Wall#.txt File With Section Data Based on JEAC 4601 (Step 7)
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Shear BBC Information

Section Geometries and Material Properties

Section data are provided only in 

International system (N and mm) 

per JEAC 4601 App. 3.7
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Bending BBC Information

Modelname_Wall#.txt File With Section Data Based on JEAC 4601 (Step 7)
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Step 9:

Option NON Nonlinear SSI Analysis Batch Run

The new Option NON includes new hysteretic models (2 JEAC 4601 models and 2 Hybrid models) applicable for both the shear and 

bending wall in-plane deformation for 3DFEM (Shell models). The shear and bending deformation can be combined using the 

COMB_Shear_Bend module as described in detail in Demo 17. 

Step 10:

Post-Processing:

The main results of the nonlinear SSI analysis are the FILE8 and FILE4 (.n4) files for the converged solution that can be post-processed 

exactly like for a linear analysis to compute structural node displacements and accelerations, and element stresses. 

Option NON SSI Analysis and Post-Processing (Steps 9 and 10)



The previous Option NON included only four hysteretic models, out of which only three 

models are usable for RC wall nonlinear modeling, such as Cheng-Mertz Shear (CMS, 

Model 1) and Cheng-Mertz Bending (CMB, Model 2) and Takeda (TAK, Model 3).

Four New Hysteretic Models:

1) JEAC 4601 PO Shear (PO, Model 5) – see App 3.7 in JEAC 4601-2015. No hysteretic damping.

2) JEAC 4601 PODT Bending (PODT, Model 6) – see App 3.7 in JEAC 4601-2015. No hysteretic damping 

before yielding and 15% hysteretic damping at failure. 

3) Hybrid Shear (HYS, Model 7). Is combination of the JEAC 4601 PO Shear and CM Shear models.     

Less damping than CMS (CMS, Model 1) model and more damping than JEAC 4601 PO Shear model.

4) Hybrid Bending (HYB, Model 8). Is a combination of the JEAC 4601 PODT and CMB model. 

Less damping than CMB (CMB, Model 2) and more damping than JEAC 4601 PODT Bending model.

New Hysteretic Models for RC Walls Included In Option NON 

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.
26



Hybrid Shear Model (Model 7)
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Validation of Option NON Hysteretic Models vs. Wall Tests [Ref.1]



Cheng-Mertz Shear Model (Model 1)
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Validation of Option NON Hysteretic Models vs. Wall Tests [Ref.1]



Nonlinear ISRS for CM Hysteretic Model: 1) Shear Governing,          

2) Bending Governing and 3) Combined Shear and Bending
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Panel 11 Shear for CMS vs. JEAC PO Panel 11 Bending for CMB vs. JEAC PODT
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Comparisons of JEAC 4601 Max. PO and Cheng-Mertz Model 

Hysteretic Responses for Both Shear and Bending Effects
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Maximum PO/PODT              

Per JEAC 4601-2015

Cheng-Mertz D<10%   

Per ASCE 4-16

ISRS for CM with D<10% and JEAC 4601 PO Models for 0.50g
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ISRS Using Option NON with CM vs. OpenSees Software (Ref.4,5)
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3. Foundation Uplift SSI Analysis Using Hybrid Complex 

Frequency-Time Domain Approach with Reduced-Order 

Modeling for Foundation-Soil Interface (Option UPLIFT)

Note: Nonlinear uplift SSI approach is developed in compliance with             

the JEAC 4601-2015 standard recommendations which are applicable           

to foundation uplift analysis up to 50% of loss-of-contact
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Uplift SSI Approach Based on JEAC 4601-2015 (Option UPLIFT)

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.
35



Automatic Computation of Uplift Limit Base Moments and Rocking 
Rotations Under Gravity (Static) and Seismic (Dynamic) Loads 
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Nonlinear Uplift Limit Base Moments (Mo) for X and Y Directions

MXX

MYY



Contact Surfaces for X (Longitudinal) and Y (Transversal) 

Directions and Combined In 3D Space for 1.4g Seismic Input 

3D Space

Y-Direction

X-Direction
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Base Uplift Moment-Rotation Curve for Linear SSI vs. Nonlinear SSI

NONLINEAR SSI

LINEAR SSI



ISRS Computed for Linear SSI vs. Nonlinear Uplift SSI Analysis

Y-DirectionX-Direction

Z-Direction
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Uplift Effects

Uplift Effects



4. Nonlinear Force PSD-Shape Based Iterative      
Equivalent-Linearization (Option NON)
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PSD-Shape Based Variable DRF is Computed Based on the 
Nonlinear Force PSD for Each Wall at Each Nonlinear Iteration

The PSD-based DRF is computed 

based on the frequency content of 

the PSD of the nonlinear shear 

force or the bending moment 

histories for each wall panel at 

each nonlinear SSI iteration.

The DRF is computed based

the wall nonlinear force PSD 

dominant frequency shift at each 

iteration, as shown in the figure. 

For iteration j, PSD-variable DRF  

is DRFj = (Fj/Fj-1)^2
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Nonlinear ISRS Computed Using PSD-Shape Based Variable DRF  
vs. 0.80 Constant DRF for While Performing Nonlinear Iterations 

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.
43



Base Panel 11 Bending CM Hysteretic Loops
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Nonlinear Hysteretic Wall Responses Using PSD-Shape based 
Variable DRF  vs. 0.80 Constant DRF for Nonlinear Iterations 

Base Panel 11 Shear CM Hysteretic Loops



Please send your feedback by email!

Please see the detailed newsletter 
coming in October!
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