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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 with Reduced-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

Single Workstation License USB Green Key (HL) or No Key (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

Network License with USB Red Key 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 implemented SSI hybrid approach uses an iterative procedure. Each iteration i

includes two coupled analysis steps using two structural models, as follows:

Step i1: Uses an iterated “equivalently-linear” structural model, based on equivalent-linear

hysteretic components, for performing a global seismic SSI analysis (full model) in

complex frequency to compute deformation of all components, and then,

Step i2: Uses nonlinear models for hysteretic components (reduced-size models), for

performing local “true” nonlinear component analyses in time domain based on boundary

displacements computed in Step i1.

The iterations are converged when the nonlinear responses in Step 2 do not change, or

change only negligibly, from an iteration to the next iteration. Typically, 4-8 iterations are

required depending on the nonlinearity level (2-4 linear SSI runtime).
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Frequency and Time Domain Hysteretic Systems

Hybrid Approach with Reduced-Order Modeling for Structure:

- Fast and accurate nonlinear 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



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

22

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
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The nonlinear RC structure SSI analysis based on the hybrid iterative scheme includes two separate 

coupled analysis steps at each iteration, as follows:

- Step 1: Perform an equivalent-linear SSI analysis in complex frequency via SASSI approach to 

compute the structural displacements for each nonlinear RC wall and spring, and then,

- Step 2: Perform a nonlinear time-integration analysis for each RC wall and spring loaded with the SSI    

displacements from Step 1, to compute the in-plane shear and bending nonlinear wall responses 

using standard-equation BBCs and selected hysteretic models calibrated based on test data. 

The equivalent-linear stiffness and damping for each wall or spring are computed based on time    

domain nonlinear responses using either a constant or a variable DRF applied to each SSI iteration.

REMARKS: 

1) Step 1 uses the original, refined FE SSI model, while Step 2 uses a reduced-order structural model 

composed by nonlinear RC walls (macro-mechanics models). Therefore, the Step 2 “true” nonlinear 

time-domain integration analysis is extremely fast. For DES, the condensed soil impedance matrix 

solution (via FVROM-INT) could be used for the SSI iterations to speed up the analysis runtime.

2) The iterative nonlinear SSI methodology has been verified against CSI PERFORM3D code, ANSYS, 

OpenSees 3D FIBER and 2D MVLEM software, XTRACT and LS-DYNA. Not sufficient to detail here.

Nonlinear RC Structure SSI Methodology Using Two-Step Iterations



Typical Nonlinear SSI Solution Convergence in 3-8 Iterations 

for 5% or 10% Overall Accuracy Tolerance (for DRF=0.80)

0.30g Input 0.60g Input
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DRF = 0.80 

indicates best 

estimates  for 

most cases
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PANEL_EQL_MATL_PROP_IT# Text Files; Iteration 1,4,6
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Iterative Equivalent E Modulus Due to in Embedded SMR Walls

Iterations 1-9
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Convergence of ISRS for Cheng-Mertz and JEAC 4601 PO Models

JEAC 4601 PO 

Cheng-Mertz
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Embedded SMR SSI Response Convergence for Nonlinear RC 

Walls (Panels) and Nonlinear Wall-Soil Interface (Springs) for 0.60g 
Convergence File



Iterative Equivalent Linearization Using PSD-Based Variable DRF 

The PSD-based DRF is 

computed based on the 

frequency content of the PSD 

frequency computed for the 

nonlinear shear force or bending 

moment for each wall at each 

floor level and each iteration.

The DRF is computed based

the PSD dominant frequency 

shifts at each iteration, as 

shown in the right-side figure. 
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Convergence Using PSD-Based Variable DRFs 



CM Hysteretic Responses for PSD-Variable DRF vs. 0.80 DRF

Panel 7 Bending CM Loops Panel 7 Shear CM Loops
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CM Nonlinear ISRS Computed Using PSD-variable DRF vs. 0.80 DRF  
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CM Nonlinear ISRS Computed Using PSD-variable DRF vs. 0.80 DRF  
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Based Wall Responsew & Top Displacements for 
PSD-variable DRF vs. 0.80 DRF 
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2.2 Nonlinear Modeling Assumptions for RC Walls
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Option NON is applicable to the reinforced concrete structures for simulating the concrete cracking 

and post-cracking behavior in the shearwalls for the design-level and/or beyond-the-design-level 

seismic inputs. 

Option NON is applicable to low-rise reinforced concrete shearwall buildings that fail primarily due to 

the in-plane shear deformation via Option NON Simple.

Option NON is also applicable to general case of reinforced concrete shearwall buildings for which 

both in-plane shear and in-plane bending deformation is significant via Option NON Advanced. 

Option NON Advanced includes automatic BBC generation algorithms based on US or Japan 

standards requirements and guidelines. It follows an implementation inspired from the Japanese 

nonlinear structure modeling practice for seismic analysis as explained hereafter. 

Option NON versions: 

Shear deformation only: Option NON Simple

Shear & Bending deformation: Option NON Advanced

Nonlinear Modeling Assumptions for RC Wall Deformation
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Wall Shear and Bending Deformation Are Computed for 

Each Wall, at Each Floor Level at Each SSI Iteration

Bending Deformation (horizontal edges)
(curvature assumed constant per height, wall vertical 

edge displacements have quadratic variation)

Remark: Rigid body motion is removed. Very important.

Shear Deformation (vertical edges)
(shear strain assumed constant per height, 

wall vertical edge displacements are linear)



Nonlinear Shear and Bending Responses Are Computed Based on 

Each Floor Structural Displacements at Each SSI Iteration 
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Nonlinear Modeling Wall Behavior Based on US & Japan Practice. 
Trilinear Back-Bone Curves (BBC) and Selected Hysteretic Models
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BBC Curves: Are trilinear BBCs for both the shear and bending deformation following typical 
engineering practice, also recommended by the JEAC 4601-2015 Sect.3.5.6 (See figure below)

1-Concrete Cracking Point 

2-Reinforcement Yielding Point 

3-Ultimate Point 
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Shear BBCs Computed per JEAC 4016-2015 Standard App.3.6
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Shear BBC at each floor level depends on the axial 

compression stress from gravity and the seismic 

bending moment by M/Q ratio (shear span ratio)
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Does no depend on axial 

force or bending effects!

Shear BBCs Computed per ACI 318/ASCE 4-16
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Shear BBC at each floor level depends on the axial 

compression stress from gravity

Bending BBCs Computed per JEAC 4601-2015 App. 3.6

2- Yielding Point 3-Ultimate Point 
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Bending BBCs Computed per ACI 318/ASCE 4-16

2- Yielding Point 3-Ultimate Point 
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Computed Shear BBCs for SMR RC Exterior Wall 

JEAC 4601 ultimate shear 

forces include significant 

flange effects; larger than 

ACI 318 ultimate shear 

wall strengths. 



Bending BBCs for SMR RC Exterior Wall
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JEAC 4601 and ACI 318 bending 

BBCs for each wall at each floor level 

are different since the effective flange 

widths are differently computed based 

on ACI 318 and AIJ RC standards. 



ACI 318 Option 1 in NON 

ACI 318 Option 2 in NON 

JEAC 4601 Option in NON 

Effective Flange Size Calculations Implemented in Option NON
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Effects of Effective Flange Sizes on Nonlinear SSI Responses 

The new Option NON implementation uses three calculation options per JEAC 4601 and ACI 318:

ACI 318 Option 1 ACI 318 Option 2

JEAC 4601/AIJ RC
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Effective Flange Sizes Can Be Computed Using Variable          
Clearances per Building Height  

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, 
Tokyo, Dec 2021

50

User can include variable clearances per height.

The clearance input is at each floor level.



FE Model Split in RC Wall Submodels Based on Max Flange Sizes 
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Wall 1 Wall 2

Wall 5Wall 3
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BBC

Effective Flange Sizes Based on ACI 318 or AIJ RC Standards

Original FE Model with No 

Wall Flanges Defined

Modified FE Model for Including New 

Nonlinear Materials for Flanges



New Flange Materials Are Added for Nonlinear Modeling
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Nodes of elements of Flanges 1 and 2 which are the two web ends  

should include the Panel 4 corner nodes!

This criterion was used to eliminate any other intermediate flanges in 

the middle of the web (not at the two ends) that should not be included 

for the E material shear-bending combination in COMB_SHEAR_BEND.

E & D Material Changes For Flanges 1 & 2 Are at Two Wall Web Ends

M1
M1
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JEAC 4601-2015/AIJ RCACI 318-19 Sections 18 and 6

Option 1 Option 2

Effective Flange Sizes Based on ACI 381 and AIJ RC Standards



Case 1 (Simplified) Based on Original Model (no wall submodels) 
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X

Y

Es3

Es4

sEs3,Eb3,Eb1

Es1

sEs1,Eb1,Eb3

Es2

1 2

3

4

sEs1,Eb1,Eb4

Es4,Eb4,Eb1

sEs3,Eb3,Eb2

sEs4,Eb4,Eb2

sEs2,Eb2,Eb4

sEs2,Eb2,Eb3

Es3

Es4

Es3,Eb5

Es4,Eb5

Es5

Flange 2 Flange 1

Flange 2 Flange 1

Flange 1

Flange 2

Flange 1

Flange 2

5

Case 2 (Refined) Material Changes.  Example with 5 RC Nonlinear 

Wall Submodels (3 Transversal and 2 Longitudinal)

NOTE:

Only the two end wall 

flanges are considered. 

This comes automatically 

from using new materials 

when changing the flange 

materials in the wall 

submodels .pre files.

Each wall flange is identified in the FE model by the group #  and the new materials are be added to 

create a FE new model with appended “_New” .pre to file name using Change_Flange_Materials module

M1
M5 M2

M3

M4

M6

M7

M8

M9

M11
M10

M13 M12

M14

M15

S =1 is for including  shear 

effective Es for corner 

flanges  (exterior walls)
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X

Y

Es3

Es4

sEs3,Eb1

Es1

sEs1,Eb3

Es2

1 2

3

4

sEs1,Eb4

Es4,Eb1

sEs3,Eb2

sEs4,Eb2

sEs2,Eb4

sEs2,Eb3

Es3

Es4

Es3,Eb5

Es4,Eb5

Es5

Flange 2 Flange 1

Flange 2 Flange 1

Flange 1

Flange 2

Flange 1

Flange 2

5

NOTE:

Only the end wall flanges 

are considered. This 

comes automatically from 

using new materials 

when changing the flange 

materials in the wall 

submodels .pre files.
Each flange (rectangle) is identified in the model 

by the group #  and the new material # (to be save 

in the mapping text file to used to change. hou.

M1
M5 M2

M3

M4

M6

M7

M8

M9

M11
M10

M13 M12

M14

M15

S =1 is for including  

shear effective Es for 

corner flanges  (exterior 

walls)

S = 0 (default) is for not 

including Es for corner 

flanges.

Each flange (rectangle) is identified in the model by 

the group #  and the new assigned material # (to be 

used to change HOUSE input after each iteration)2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
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Case 3 (Refined) Material Changes.  Example with 5 RC Nonlinear 

Wall Submodels (3 Transversal and 2 Longitudinal)



X

Y

Es4

Eech

Eb3

Eb4

Eb3

Mx

Eech

Directional 3DFEM Models for X and Y Direction Using Case 3 (S=0)

X

Y

Eech

Eech

Eb1

Eb1

Eb2

Eb2

Es1 Es2

X-Direction Model

Y-Direction Model

For (green) web material in perpendicular 

walls are two options:

- Use elastic stiffness

- Use nonlinear iterated flange stiffness

Es3

1 2

3

4

1 2

3

4
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US Standards - ISRS at Top of Structure for Cases 1, 2 and 3

X-Direction Y-Direction
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US Standards - Panels 7 and 21 Shear Hysteretic Loops 
for Cases 1, 2 and 3
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US Standards - Displacement at Top for Cases 1, 2 and 3

X-Direction Y-Direction
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Japan Standards - Panels 7 Hysteretic Loops for Cases 1, 2 and 3
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Japan Standards - Displacement at Top for Cases 1, 2 and 3

X-Direction Y-Direction
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Non-Planar RC Wall Section and Composite Shapes

Rotated Square Circular Composite

For simple sections, the corner nodes are 

automatically determined for each direction 

by the NONLINEAR module.

Composite sections can be 

decomposed by users as shown 

hereafter.. 

Composite sections can be 

automatically decomposed in a 

series of rectangular objects –

in V.4.3.3

Input Directions
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Circular Section Shape Verification of 2DFiber Model vs. XTRACT

(BBC_JEAC_ACI_Fiber2D.exe)

TRILINEAR BBC

XTRACT: No tension strength

BBC_JEAC_ACI_Fiber2D: ft = 0.38sqrt(F’c) 
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TRILINEAR BBC

Rombic Section Shape Verification of 2D Fiber Model vs. XTRACT

(BBC_JEAC_ACI_Fiber2D.exe)

XTRACT: No tension strength

BBC_JEAC_ACI_Fiber2D: ft = 0.38sqrt(F’c) 



SMR Structural Model for Nonlinear SSI Analysis (Demo 19)

Include
Cross-

Connection

No 
Cross-

Connection Variable 
Diameter

Embedded SMR

Surface SMR
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Composite Section Decomposition in Elementary Shapes

2 3

4

5

1

5 Submodels for Single Direction



Splitting SMR Model in 9 Wall Submodels Using UI Commands
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SMR Wall Submodels (4 Exterior, 1 Circular, 4 Connections)

BBC_JEAC_ACI (Dw>0)
BBC_2DFiber    (Dw<0)

BBC_2DFiber
Dw=0

BBC_JEAC_ACI (Dw>0)
BBC_2DFiber    (Dw<0)
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Arbitrary Sections Defined with Different Reinforcement Ratios  

(See Colors Below) Using Option NON 2DFiber Model (V4.3.3)

Example 1 Arbitrary Shape Open Section Example 2 Composite Section Closed Shape

Reinforcement ratios considered as material parameters via the M and MSET commands, MSET,<e1>,[<e2>],[<inc>],<index>
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Example 1 Example 3
Example 2

Arbitrary Sections Defined with Different Reinforcement Ratios  

(See Colors Below) Using Option NON 2DFiber Model (V4.3.3)
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Example 1

ACS SASSI
XTRACT

ACS SASSI
XTRACT

Arbitrary Shape Verification Against XTRACT
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Example 2

ACS SASSI
XTRACT

Arbitrary Shape Verification Against XTRACT



The hysteretic model library includes 8 types of models applicable to the structure RC walls:

1-Cheng-Mertz Shear (CMS) 

2-Cheng-Mertz Bending (CMB)

3-Takeda (TAK)

4-General Massing Rule (GMR)

5-Maximum Point-Oriented (PO) for Shear - per JEAC 4601 App. 3.6

6-Maximum Point-Oriented Degrading Trilinear (PODT) for Bending - per JEAC 4601 App. 3.6

7-Hybrid Shear (HYS) – obtained by combining PO Shear and CMS models 

8-Hybrid Bending (HYB) - obtained by combining PODT Bending and CMB models 

Hysteretic Models Library Available for Nonlinear RC Walls
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Remarks for JEAC 4601 Max Point-Oriented (PO) Shear 

Hysteretic Model

Hysteretic Damping is zero!
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Stable loop

Hysteretic Damping varies from 0% to 15%; 

0% at yielding and 15% at failure (ultimate).
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Remarks for JEAC 4601 Max Point-Oriented-Degraded-Trilinear 

(PODT) Bending Hysteretic Model

The low hysteretic damping values recommended in the JEAC 4601 

are based on a series of experimental tests done for various 

shearwall configurations and typical NPP structure RC walls with 

larger thicknesses and reinforcement percentages than those of the  

RC walls in conventional structures (Taitokui report, 1987). These 

damping values are lower than those computed using FEA  codes. 



CM & JEAC 4601 PO Model Hysteretic Loops for Harmonic Inputs

No hysteretic damping 

for shear deformation

Hysteretic damping limited to 

15% for bending deformation
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US Practice Japan Practice



Cheng-Mertz Shear Hysteretic Model Against Wall Test Data

Cheng-Mertz Shear Model (Model 1)
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Effective Damping = 18%

Oh, Y. H., Han, S.W. and Lee, L.H. (2002)



JEAC PO Shear Hysteretic Model Against Wall Test Data

JEAC 4601 Point-Oriented (PO) Shear Model (Model 5)
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Effective Damping = 5%



Hybrid Shear Hysteretic Model Against Wall Test Data

Hybrid Shear Model (Model 7)
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Best fitted model

on experiments

Effective Damping = 9%



Same Input Displacement Histories for CMS and CMB vs. JEAC PO and PODT 
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Comparisons of JEAC and Cheng-Mertz Model Hysteretic Loops



Iterated ATF Response Using Same Hysteretic Models 
for  US and Japan Design Practices

Very good matching
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Cheng-Mertz Models 

with No Damping Limit

Hybrid Models with 

No Damping Limit



Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit
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Comparisons of JEAC 4601 and ACI 318/ASCE 4 Model SSI Results 

from Separate Nonlinear SSI Analyses (CM & PO Models)



Panel 11 Shear for CMS vs. JEAC PO Panel 11 Bending for CMB vs. JEAC PODT
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Comparisons of JEAC 4601 and ACI 318/ASCE 4 Hysteretic Loops 

Based on Separate Nonlinear SSI Analyses (CM & PO Models)
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For DBE level, ASCE 4-16 recommends reducing by 50% the shear and bending wall stiffnesses

due to the concrete cracking, while the axial wall stiffness remains unchanged. The structure

behaves nonlinearly under the horizontal input components and linearly elastic under the vertical

seismic component. This is also JEAC 4601 practice.

To simulate the 3 directional seismic input motion, the horizontal and vertical SSI displacements

computed at the corner nodes of each wall panel (or spring) shall be combined at each iteration.

This is achieved by using the COMB_XYZ_THD module.

REMARK: JEAC 4601-2015 does not require the X and Y nonlinear responses to be combined

during the nonlinear SSI analysis. Structural responses computed for the three seismic input

directions are combined at the end of the nonlinear SSI analyses.

3 Direction Nonlinear Responses Combined at Each SSI Iteration



Modeling of Interaction Between Shear and Bending Effects

These interaction effects are included at each SSI iteration by the following Option NON options:

1) Shear Governing: Assuming that the shear stiffness variations are governing the wall stiffness 

degradation at each SSI iteration (RC wall material stiffness degradation based on the Shear hysteretic 

models only, i.e. material Esb=Es, fully coupled)

2) Bending Governing: Assuming that the bending stiffness variations are governing the wall stiffness at 

each SSI iteration (RC wall material stiffness degradation based on the Bending hysteretic models 

only, i.e. material Esb=Eb, fully coupled)

3) Shear and Bending: The equivalent bending and shear stiffnesses are computed independently at 

each SSI iteration (RC wall material stiffness degradation based on both Shear and Bending hysteretic 

models, i.e. material Esb is different from Es and Eb). An elliptical interaction curve for combining the 

shear and bending stiffnesses is applied at each SSI iteration.
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Effects of M/Q Ratio on Shear and Bending Squat Wall Capacities

Larger M/V largely 

reduces Shear 

capacities.

JEAC App. 3.7 includes 

this interaction.

Larger M/V slightly 

increases Bending 

capacities.

Cheng, 1993

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

90



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

91

In Option NON, shear-bending interaction 

effects are included at each SSI iteration 

based on an ellipsoidal interaction curve.

Ultimate state shear-bending 

interaction equation has only a 

3% error comparing with tests

Yielding state shear-bending 

interaction equation has only a 

9% error comparing with tests

SW6 Wall Tests for the shear-bending 

interaction data at NCKU laboratories 

(Cheng and Mertz, 1989)

Nonlinear Shear-Bending Interaction Effects (Comb_Shear_Bend)

Isotropic 

material

Shear

Bending

Shear

Bending
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Computed ISRS for 0.70g: 1) Shear Governing, 2) Bending 

Governing  and 3) Combined Shear and Bending with M1
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Combining Shear and Bending Interaction Effects  Stiffness. 
Comparing ISRS Results for M1 and M2 Methods
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Experimental Tests for Shear and Bending Interaction Effects  
Stiffness

Cheng and Yang, 1996

The wall stiffness reduces

due to the shear-bedning

interaction effects.

Based on RC Squat Wall Tests Performed in 1990s at Los Alamos Lab  
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Nonlinear Structure Roof Displacements for 1) Shear Governing,    

2) Bending Governing and 3) Combined Shear and Bending
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Bending-Shear Interaction Curves vs. 0.70g Seismic Demands 

for TB Structure, for Wall 3 (T) and Wall 1(L) at 1st Floor

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

97



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021
98

Moment-Axial Force (M-N) Interaction Curve Are Computed For 

Each Flange (L1 and L2) in Compression (see .dmn files)



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

99

2.3 Nonlinear Modelling for Floor Cracking

(Coming in V.4.3.3, planned by end of 2021)
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Nonlinear Modeling for RC Floor Cracking (V4.3.3)
For floor cracking we consider the principal face stresses in each shell element (for S+G). 

If stress values are above the cracking strength, then, the shell element is considered 

cracked, and its damping is increased to 7% from 4% for US, or user sets cracking limits 

for stiffness and damping for Japan and oversee.
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2.4 Option NON Simple: 

Applicable to Low-Rise Shearwall Structures 

Dominated by Shear Deformation in RC Walls

(Include Only NONLINEAR Module)



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

102

Option NON Simple Application (NONLINEAR Module)

Nonlinear element 

nodes should be 

selected by user. 

NONLINBAT 

generates batch file
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Based on the hysteretic behavior of each wall panel, the local equivalent-linear properties are 

computed after each SSI iteration. The stiffness reduction is applied directly to the elastic modulus 

for each panel. This implies, under the isotropy material assumption, that the shear, axial and 

bending stiffness suffer same level of degradation. Poisson ratio remain constant. 

The wall panel shear stiffness modification as a result on nonlinear behaviour is fully coupled with 

the bending stiffness. This is a reasonable assumption only for the low-rise shearwalls for which 

the nonlinear behaviour is governed by the shear deformation, while bending effects play an 

insignificant role. 

Based on various experimental tests done at Cornell University, Gergely points out in NUREG/CR 

4123, 1984 that in the low-rise walls such as those that occur in the modern nuclear power plants, 

the flexural distortions and associated vertical yielding play a negligible role. This was also 

recognized later by many other research studies, including the EPRI report on “Methodology for 

Developing Seismic Fragilities” (Reed and Kennedy, 1994).

Option NON Simple Applicable to Low-Rise Shearwall Structures
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Nonlinear Building Model Split in Simple Wall (Shear) Panels

Nuclear building model split in nonlinear panels with 

different nonlinear material properties. 

Many ACS SASSI UI commands are available: WALLFLR, 

SPLITWALL, SEGWALLS, PNLGEN, etc.

Each panel should be described by its 

elastic properties, BBC and hysteretic 

model for in-plane shear such as, Cheng 

Mertz, PO Shear and Hybrid models 
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WALLFLR Command (No Parameter)

The WALLFLR command will take the current active model and delete all of the non shell elements in 

the model. Then the command will attempt to separate all of the shells into different wall and floors 

groups based on a coplanarity test of the shell elements. If 5 or more elements are found to be coplanar, 

then these elements will be put into a new group. All of the elements that were not put into wall or floor 

groups because there were not enough coplanar shells to form a new wall or floor in a separate group.

SPLITWALLS Command (No Parameter)

This command splits walls (shell groups that are not perpendicular to the global Z axis) by using 

intersections with other floors (shell groups that are perpendicular to the global Z axis). 

This command does not change floors groups. This command should be used before SEGWALLS in 

most cases. 
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NONLINEAR Module UI Input Dialog Window
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EQL Command

EQL,<disp>,<NonLinOpts>,<dampCutoff>,<dampScale>,<ElasicD>

Set the options for the nonlinear structure simulation. This command sets header information for the

nonlinear module input (*.eql) file.

This information can also be set interactively using the NONLINEAR analysis options tab, found in

the Options→Analysis menu selection.

• Disp – displacement reduction factor (DRF, typically 0.80, or PSD-based)

• NonLinOpts - nonlinear modeling options

• DampCutoff - damping cutoff value

• DampScale - damping scaling factor

• ElasicD - Include elastic damping flag

o 0 - Don't include

o 1 - Include
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Nonlinear Structure SSI Input .Pre File (EQL, P)

PANELGEN and P commands

EQL command

EQL,<disp>,<NonLinOpts>,<dampCutoff>,<dampScale>,<ElasicD>

P,<num>,<group>,<bbc>,<disp>,<force>
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Nonlinear Structure SSI Input .Pre File (BBCP)

BBCI and BBCP Commands

BBCGEN,<Panel>,<ShearModel>,[fc],[fy],[Pn],[Nu],[bre],[bys],[CrackingForceLevel]

BBCGEN



UI Commands for Option NON Simple Runs (NONLINEAR module)

• Batch file for a typical nonlinear analysis can be created with the NONLINBAT command

• Option 0 = Create batch file for single input direction, X

• Option 1 = Create batch file for three-direction input, X, Y, Z

• This will only create the .bat file.  The remaining input files need to be created using the 
AFWRITE function in the UI.

• Nonlinear spring nodes need to be requested as outputs for MOTION and RELDISP runs
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NONLINMOTDISP Command

This UI command finds the corner nodes of all panels defined by the P command. The corner

nodes are then added to the output request list of the MOTION and RELDISP modules.
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SHEAR Command Per US Standard Recommendations

SHEAR, <panel>,[fc],[fy],[P],[Nu],[Fvw],[Fbe] 

This command calculates the peak shear strength of a single panel or all wall panels. The SHEAR

command uses four different peak shear equations, such as those provided by ACI 318-19, Wood,

1990, Barda et al.,1977 and Gulec-Whitakker, 2009 (see Gulec and Whittaker, 2009 for details).

The lower bound value for Wood, 1990, and the upper bound value for Wood, 1990 and ACI 318-19

equations are also included.

A total of six columns with computed peak shear strength are written for each panel. The columns of

the result table are in order, the panel number, upper bound of ACI 318-08 and Wood, 1990, lower

bound of Wood, 1990, Barda,1977 and Gulec-Whittaker, 2009.

Walls have no openings! 



SHEAR Command Example for 20 Wall Panels
SHEAR,#,2,4.771,83.25,0.01
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<Panel> 

= 0, the BBC curves will be generated for all panels defined by the user assuming the same 

command parameters. The Panel = 0 option, it can be used in conjunction of submodels, to define 

properties of panel subsets.

= K, the BBC will be generated only for Panel K.

[CrackForceLevel] 

= 0.  Default option for building BBC 

curves uses new ASCE 4 standard 

recommendation in Section C.3.3.2 

for defining the concrete cracking 

stress level by the value of 

= Vcr/Vu alue in the [0.1  0.5] interval. Uses the cracking shear/ultimate shear force ratio to build 

the BBC curves.

BBCGEN Command (continuation)

𝑉 = 𝐺𝐴𝑠ℎ𝑒𝑎𝑟𝛾

𝛾

𝑉



ACI 318-08 Wood 1990

BBCGEN for Different Concrete Shear Wall 

Concrete Cracking Criterion Parameter Options
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2.5 Option NON Advanced: 

Applicable to General RC Shearwall Structures Including 

Both Shear & Bending Effects in Walls 

(Multistep Analysis which optimally combines using the UI commands and 

Batch Runs, including a Pause-Step for User Nonlinear Input Reviews)
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Option NON Advanced Implementation Flowchart

Options for Flanges:

1) Japan AIJ RC

2) US ACI 318

Options for BBCs:

1) Japan JEAC 4601

2) US ACI 318/ASCE 4
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Here are the main steps of the nonlinear SSI analysis procedure:

1. Prepare structure FE model. (ACS SASSI UI)

2. Create the nonlinear RC wall FE submodels from structure FE model (ACS SASSI UI)

3. Perform initial SSI analysis for the gravity and seismic loads (ACS SASSI SSI modules Batch/UI)

4. Perform automatic wall cross-section geometry identification and automatic section cuts for each 

wall at each floor level for the gravity and seismic loads. (Section_Cuts_for_BBC module)

5. Compute shear and bending BBCs for each wall per US or Japan standard recommendations 

(BBC_JEAC_ACI_Fiber2D module)

6. Select hysteretic wall models per US or Japan standard recommendations (NONLINEAR module)

7. Perform iterative nonlinear SSI analysis using shear and bending hysteretic wall models and 

combine shear and bending responses at each iteration (Change_Flange_Materials and 

COMB_Shear_Bend modules). 

8. Post-process the final SSI results for the converged nonlinear response (ACS SASSI UI/Batch)

Nonlinear SSI Analysis Steps Per Best Practices in US and Japan
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- The Section_Cuts_for_BBC module – Performs automatic wall section

geometry identification and computes the wall section-cut forces for user-

defined panels

- The BBC_JEAC_ACI_Fiber2D module – Computes shear and bending back-

bone curves (BBC) for all the user-defined panels based on either the US

standards or Japan standard recommendations, or 2D Fiber Model

- The Create_Flange_Materials module – Creates wall flange nonlinear

materials for each wall panel which are used to create a new structure model

.pre input file named ModelName_NEW.pre file.

- COMB_Shear_Bend module – This combines the nonlinear shear and bending

interactive effects in wall panels after each SSI iteration.

Option NON Advanced Modules (Plus NONLINEAR Module) 
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Steps 1-2: Prepare the 3DFEM with Separate Shell Groups for Walls

Use UI Section-cut commands to split the 3DFEM model 

in Wall submodels (Shell Groups). See Demos 18 and 19

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

perform automatic section-cuts, section geometry 

identification for each wall submodel. 



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

120

Steps 3-4: 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 X,Y,Z STRESS binary BD (B or UI):

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:

Section_Cut_for_BBC Module_runs (Batch):

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 input data for next step

Step 5: Automatic Section Geometry Identification and 
Section-Cuts at Each Floor Level



Correct Section Geometry Identification

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

122

Example of Section Geometry Identification



These larger web elements  

covers two flange elements. It is 

not a correct mesh modeling.  

User has to merge the two small 

size elements into one element. 
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Incorrect Mesh for Geometry Identification

Example of Section Geometry Identification



A1 

A2 

L 

A3 

tw1 

Dw

L1

L2

tw2 

t1

t2

Xs1

Xi1
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Examples of Section Geometry Identification
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Example of Section Geometry Identification Data
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Step 6: Analyst Review of Section_Data Files To Prepare Nonlinear Input
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.

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)



Section_Data_for_BBC.out File from Section_Cuts_for_BBC Module (Step5)

Example for Wall 5 Submodel with 3 Floors (and Sections)

Concrete and steel 

material  parameters, 

reinforcement ratios.

To be completed by 

analyst after reviewing 

section geometries.
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Automatic Section Cut
results for N, M and V

Automatic Section Data
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Revised_Section_Data_for_BBC.in File Data Description

These are parameters shall be input by analyst    

for each wall Submodel and each floor level



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)



Revised_Section_Data_for_BBC.in File for Curved Walls - For Option 1

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

International system (kN and m)

0.00

--- For plane walls

D=0.00 indicates no plan wall section geometry was identified

--- For closed section walls, BBC_2DFiber module computes the section 

geometry parameters using wall submodel .pre



Computing BBCs for Closed Section Wall Geometries 
Using BBC_2DFiber Module

BBC_2DFiber
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Center of gravity: 

xc = -0.566621E-15 yc= -0.301017E-15

Area:

A= 200.640         Ash_x =106.667    Ash_y = 106.667    

Moment of Inertia:     

Ixx = 25500.7      Iyy = 25500.7     Ixy = -0.966338E-12

Compute BBC using JEAC 4601 App.3.7 equations for Shear BBC

Generate input for 

2DFIBER Module 

for Bending BBC

Section based
on shell FEM

Mesh for RC 
Section calcs 
in 2DFIBER

Computing RC Section BBC for Circular Walls Using BBC_2DFiber
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Section_As_Ixx file

Mesh_Data file



Center of gravity: 

xc =-0.422540E-15        yc =-0.743339

Area:

A = 672.640         Ash_x = 303.333     Ash_y = 303.333

Moment of Inertia:     

Ixx = 208118.       Iyy = 207618.  

Option 1: Compute BBC using JEAC 4601 App.3.7 or ACI 318 equations

Option 2: Computed BBC 

specialized routine

Section based
on shell FEM

Mesh for RC 
Section calcs

Computing BBCs for Arbitrary Shape Walls
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Defining Reinforcement for BBC Calcs Using BBC_2DFiber Module

Default

Typical RC Section modeling 

based on JEAC 4601 Practice
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If D=0, New Lines Shall be Added for Non-Planar Wall Section Shapes
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Step 7:

Batch BBC_JEAC_4601_2015 Module V4.3.1 or BBC_JEAC_ACI_Fiber2D Module V4.3.2 run – for Directional Walls:

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

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 namely the module .out file and BBC_ShearForce.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 .out file and two BBC_Moment.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.

BBC_JEAC_ACI_Fiber2D Module V4.3.2 run – for Non-directional Walls (closed sections, circular, square, composite):

Computes the shear and bending BBC for each Wall submodel based on 2D Fiber model and shear area numerical integration 

for non-planar walls (without flanges). The 2D Fiber Model is launched when Dw=0, i.e. the flange and web identification fails.

BBC_JEAC_ACI_Fiber2D Module Run and Files (Step 7)
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Computed Shear BBCs for TB Transverse Walls in X-Dir

JEAC ultimate shear forces 

include significant flange 

effects; larger than ACI-318 

ultimate shear strengths. 



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 equations
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Bending BBC Information

Modelname_Wall#.txt File With Section Data Based on JEAC 4601 (Step 7)
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Automatic Writing of BBC_Shear.pre and BBC_Bending.pre Files (Step 7)
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Step 8:

Create_Flange_Material Module is run to create a new FE model including additional effective flange width materials. 

Creates a new structure FEA model, Modelname_New.pre

Create_Flange_Materials Module Run (Step 8) for Next Iteration 

JEAC 4601-2015/AIJ RCACI 318-19 Sections 18 and 6

Option 1 Option 2
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Flange Materials in Wall Panels Generated by Create_Flange-Materials Module
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Step 9:

User integrates the Modelname_New.pre file with BBC .pre files to create a complete input for NONLINEAR module. 

This can be done automatically by using a UI script as shown in Demos 18 and 19. 

Step 10:

Option NON Nonlinear SSI Analysis Batch Run

The shear and bending deformation can be combined using the COMB_Shear_Bend module as described in Demos 18 and 19. 

Step 11:

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. 

Integrate Final Model and Perform Nonlinear Analysis (Steps 9,10)
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2.6 Nonlinear SSI Analysis Case Studies:

A. AB Shearwall Structure Model (AB)

B. Tower Building Structure Model (TB) 

Seismic inputs based on RG1.60 spectra with 0.70g and 0.50g ZPGA



A. AB Shearwall Structure 3DFEM Nonlinear SSI Analysis
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Wall Submodel 1 Wall Submodel 2 Wall Submodel 3

Wall Submodel 4 Wall Submodel 5 Wall Submodel 6

Wall Submodel 7 Wall Submodel 8 Wall Submodel 9

AB Shearwall 9 Wall Submodels for Nonlinear SSI Analysis
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Wall 1 Wall 2
Wall 5
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Shear BBCs for Wall 1, 2 and 5 Based on JEAC 4601-2015



Wall 5

Wall 1 Wall 2
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Bending BBCs for Wall 1, 2 and 5 JEAC 4601-2015
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Selected Structural Nodes for SSI Response Outputs 

Y (Transverse)
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Iterated Stiffness and Damping for ACI 318 CM Models for 0.70g
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Roof Structure Displacements for Cheng-Mertz w/ and w/o D<10%

X-Dir Y-Dir
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ISRS for Cheng-Mertz With and Without Damping Cut-Off D < 10%

Cheng-Mertz 

Cheng-Mertz D<10% 
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Base Wall Panels 6 and 7 Bending and Shear Hysteretic Loops for 
CM w/ No Damping-Cut and CM w/ D<10%
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ISRS for Cheng-Mertz D < 10% and JEAC 4601 PO Models for 0.70g

JEAC 4601 PO 

Cheng-Mertz D<10% 
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Base Wall Panels 6 and 7 Bending and Shear Hysteretic Loops for 
JEAC PO and Cheng-Mertz w/ D<10%



Panel 6 – group 3

Panel 7 – group 8

Panel 8 – group 13

Panel 9 – group 18

Panel 10 – group 23

Panel 11 – group 

2

Panel 12 – group 

7

Panel 13 – group 

12

Panel 14 – group 

17

Panel 15 – group 

22

Panel 16 – group 4

Panel 17 – group 9

Panel 18 – group 14

Panel 19 – group 19

Panel 20 – group 24
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TB Model Study for RG1.60 with 0.50g and 0.70g Inputs

panel 1 – group 5

Panel 2 – group 10

Panel 3 – group 15

Panel 4 – group 20

Panel 5 – group 25



ASCE 4 Damping RL3 = 10%

for 0.70g RG1.60 Input

Using JEAC PO Models and CM Models with No Damping Limit (directly FEA nonlinear results) 
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Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit



Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit
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Iterated ISRS for JEAC PO Models and CM Models w/ No Damping Limit)
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ASCE 4 Damping RL3 = 10%

Using JEAC PO and CM Models with Damping < 10% per ASCE 4 Section 3 Recommendation

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All 
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

160

Iterated ATF for JEAC PO Models and CM Models w/ 10% Damping Limit
for 0.70g RG1.60 Input



Iterated ATF for JEAC PO Models and CM Models with D<10%

Very good matching between

Japan and US recommended practice results
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Iterated ISRS for JEAC PO Models and CM Models with D<10%
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JEAC 4601 Max. Strain = 0.004

Shear Hysteretic Response for JEAC PO and  CM with D<10%
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Nonlinear TB Roof Displacements for X and Y Dir for                 
JEAC 4601 PO Models and ASCE 4 CM with D<10%
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Wall BBC computed 

using 3DFEM per ACI 318 

and JEAC 4601 guidance 

TB Stick Result Comparisons with OpenSees 2D SFI-MVLEM and 3D 
FIBER Specialized RC Software (Rigid Floors) for RG1.60 w/ 0.70g

TB Spring Model
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Nonlinear ISRS and Displacements at Top Structure for 0.70g 
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2.7 Concluding Remarks
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Very importantly, the developed nonlinear SSI analysis tool (ACS SASSI Option NON) maintains 

the safety margins as accepted by the current standards and regulations, at the same time 

providing a large reduction of the nonlinear SSI analysis costs in comparison with the existing, 

more sophisticated nonlinear FEA codes in the time domain.

We believe that such a practical engineering analysis tool is highly needed for nuclear industry. 

Concluding Remarks

A. Remarks on Nonlinear SSI Analysis Procedure Based on Best Practices
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B. Remarks on Nonlinear Results Based on US and Japan Design Practices

1. The comparative study results show that if the Japanese and US standard recommendations for 

hysteretic damping limitation are respected, then, the computed nonlinear ISRS amplitudes are close.

2. The JEAC PO hysteretic models have much lower hysteretic damping (PO shear model has no 

damping and PODT bending has between 0 and 15%) which amplifies seismic responses and 

produces a shift of the structural dominant frequencies to lower frequencies. As a result of the lower 

damping, the structural displacements are significantly larger for the JEAC PO models. 

3. Using directly the nonlinear FEA code results (similar with using the CM models with no damping limit) 

could produce much lower nonlinear SSI responses than those computed by respecting the Japanese 

or US standard recommendations, especially due to the lack of hysteretic damping limitation. 

WARNING: Using directly the nonlinear FEA code results without checking the compliance with 

regulatory requirements could significantly lower the nonlinear responses. By this may produce much 

lower seismic safety margins that those corresponding to the existing design regulation requirements. 

Nuclear industry analysts should understand and pay attention to these serious methodology risks. 
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Thank You!


