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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.

The overview includes brief descriptions of the special
SSI modeling capabilities of Options A-AA, NON and
PRO implemented in the support of the recent ASCE
4-16 standard recommendations and the most recent
USNRC requirements, including SMRSs.
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Content:

1. ACS SASSI SSI Analysis Options
2. Modular Configuration and SSI Module Input Descriptions

3. Ul Commands and Macros for SSI Model Checking and Result Post-
Processing Using Text Files

4. Ul 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

2018 Copyright of Ghiocel Predictive Technologies, Inc., USNRC Presentation, Session 3, Nov 15, 2018



1. ACS SASSI SSI Analysis Options
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An Advanced Computational Software for Dynamic
Soil-Structure Interaction Analysis on Personal Computers
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Nonlinear
. Site Option
Ll Response + PRO
HAZ . . .
Simulation Analysis (PSRA)
{SRA:
Future

ACS SASSI Toolboxes

ACS SASSI Framework Development

Present/Options A-AA, NON and PRO,
Future/Options HAZ and FRAG

ACS SASSI Main Software
Option A-AA (Integration with ANSYS)

Option PRO (Probabilistic SRAand SSl)
Option NON (Nonlinear Structure)

Option
A-AA
(ANSYS)

Linearized

SS
(SASSI)

Option
FRAG
(Risk)
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2018 ACS SASSI V3 Software IKTR10 650K

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.
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New WRITE Option “Extend Integer Fields”
for SSI Models with 100,000 to 650,000 Nodes

Extended Write Options >
[ ]MDL command in *.Pre

AFWR Command in *.Pre
[ ] Simulation Commands
Simulation Command Location
Nrite to *-5im.Pre

Mrite to *.Pre

O Cancel
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Typical ACS SASSI SSI Model

Iterative EQL

inear of Nonlinear
soll solid elements

L

Ghiocel et. al., 2013, SMIRT22)

I\%V 15, 2018
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2018 ACS SASSI V3 SSI Analysis Options

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 15t step of the overall SSI
analysis (Option AA), and/or in the 29 step 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 9)
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2. Modular Configuration and SSI Module
Input Descriptions
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ACS SASSI SSI Modules (Main Software)
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EQUAKE - Generates Control Motion

SOIL - Compute Equivalent Soil Properties and Free-Field Motions
SITE - Compute Site Layering Behavior Under Different Wave Types
POINT - Compute Soil Layering Flexibilities Under Point Loads
HOUSE - Defines the Structure and Near-Field Soil and Incoherence
ANALYS - Compute Impedances & Solves SSI Problem (ATF solution)
MOTION - Computes Accelerations, RS in Structure/Near-Soil
RELDISP - Computes Relative Displacements

STRESS - Computes Stresses/Strains in Structure and Near-Soil
COMBIN - Combine 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 SSl 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

Input

FORCE

EQUAKE

o

Analysis

Restart Files:

ExportLoad opTiON A Results
ANSYS
€=z _LOADGEN
MOTION

COOXoox, COOTKXxxX

DOFSMAP, FILE9O,FILES1

omplex
TFI
ANALYS |—| comBIN RELDISP
SITE
POINT
= STRESS
74
HOUSE T OPTION NON

SSI2ANSYS

ANSYS

NONLINEAR [ COMB_XYZ

OPTION AA

Model

Import FE Model
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Simulation of Input Control Motion (EQUAKE)

Analysis Options .

FEQURKE:

AR

oL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RE

EQUAKE Spectrum Compatible
Accelerograms are assumed
to be Independent or Correlated

Spectrum Files

Includes non-stationary correlation between X and Y components

Spectrum Mumber |1_j ﬂ % Spectrum File - NEWMHX.RSO' = [=R(ExD|
Spectrum Input File | B 3 Curve 1 e
Spectrum Output File | B I A “'&15 —\I'\i: gﬁ:g; :
Aeceeraton Ouput Fie | e
\ | s i {.’. ||ii“h§‘| e
ptone| Specinm Fles Is based on Wiener-Levy Algorithm £ :"f SEES = EE
W Accel. Fecord [ Edemal & D 1 "l'r '
Acceleration Input Fie  |C:\SS\Demo\ACCELNS ACC > || |ponge | = '.'ﬁ./. R e e e R
Comelation \ IS — iiii_!li e
Mumber of Frequencies IW |N|:| |T|me |C-:|rr — . LI ==
il Random SEED [0 T | N\ _
Damping Value 0 5 | | @ Tine History File - mlzac 0] =]
Time Step 0.005 |3 | | ‘ - .
Total Duration IE‘i i‘-‘ | | \‘ 1
NumberOf SEEDs [0 4 . . Uses phasing {
Comelated = | =l from real I
records : f\ | i\ [ L}
| i |

0835

| K | i {
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Acceleration(g)

Accel. PSD( in®/sec®)
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EQUAKE Module Capabilities — Firm Soil Site

WITHOUT SEED RECORDS

Accel. Response spectra ($=5%)

Design RS
manmn Galc, RS

10° 10' 10
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Velocity (g - s)

- 59

Displacement (g

Acceleration (g)

Generated time history

0.2
0
0.2
5 10 15 20
Time(s)
0.02
0.01
0
0.01
0.02
5 10 15 20
Time(s)
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5 10 15 20
Time(s)
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Accel. PSD( in%/sec®)

WITH SEED
Accel. IResponse spe?tra (RE C O R D S Cléeneratefj time hitt:tory

Design RS
s Galc, RS

10 10’ 10
Frequency (Hz)
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Site Response Via SHAKE Methodology (SOIL)

Ar‘la|y‘sis Clptiﬂns Dynamic Soil Property - Sand020 [Z]@FS__(\
EQLIA.TE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP | AFWRITE o o
Input Motion Sail Profile Stresses & Strains _:‘EE: ) i
Mr. of Fourier Components 4096] Layer Mumber |1 j W Compute Stresses % \( %
Time Step of Input Mation 0.003 Property Mumber |2 | Save Stress Time History ?: ' £
v Compute Strains i \ &
Mumber of VWalues 3000 Dynamic Soil Property [ Save Stain - 0

0
0.0001 0.001 0.01 01 1
Shear Strain (%)

Mutltiplication Factar

0 |Cla'_.r

Spectral Amplfication Factor
Mae. Value for Time History |01

Gravity Accel ft/s2 or m/sZ) 59

Dynamic Soil Property - Clay E‘@|§|
Clay - Seed & Sun 1989 / Idriss 1990

Accelerations [ Save Spectral Amplification Factar

(used for freefied analysis)

1]

Mumber of Header Lines ; g:c:mﬂpnl-l;tn; fﬂ::?n:um E _H\ / é
Cutolf Frequency (Hz) l[:-i ; gztmpute .MEr:-:imum & Time History Second Layer Numb? % g %
Control Point Layer 1 Frepping Frequency Step % < g
File |D:"-ssi"-.N EWMREACC ﬂ Response Spectrum E ) I T~ 0 E
00001 0001 001 0.1 1 10

[ Assign as Outcrop Mation I¥ Save Response Spectrum

Shear Strain (%)

| Outcropping
teration Parameters L [
Multiplier for Ii.l r =15
[v Sawe StrainCo patlble Sail PI'DEIEI'tiES Acceleration of G'El""t!r' ml ] Layer Thickness Unit P-Wave S-\Wave P-Wave S-Wave
Weight Velocity Velocity Damping Damping
' i ) 2 i i
Mumber of kerations 8 Damping Ratios Nr.d W Ratio Rtio
1 10 0.13 4000 2000 0.0 0.05
Equiv. Uniform / Max Strain |D-E |D.I}2.D.I}5 Mr. g 2 10 0.13 4000 2000 0.08 0.08
5 3 10 0.13 4000 2000 0.05 0.05
5 4 10 0.13 4000 2000 0.05 0.05
5 10 0.13 4000 2000 0.05 0.05
7 6 10 0.13 4000 2000 0.05 0.05
. ; . ) 2 7 10 0.13 2500 1000 0.05 0.05
8 10 0.13 2600 1000 0.0 0.05
Use international or British unit systems : oo zoo o 005 008
10 10 0.13 2500 1000 0.05 0.05
Halfspace 0.13 2500 1000 0.05 0.05

Equivalent Soil Properties and Motions are computed
assuming Vertically Propagating S and P Waves |

Help 17
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r Select Dynamic Soil Property &?—J‘

Fock ————"1| Nonlinear soil material curve database;
— o Shear modulus and damping ration as

Tl e e |%{m e functions of soil shear strain

|1 |n_nnn1 |1 0.0007 |n_24 —

|2 |n_nnna |1 |n_nnna |n_42

|3 ||1uu1 |1 / ||1un1 ||1a __ :

|4 |D'DD3 |D'SE1 / |D'DD3 |1'4 Ao Clay - Seed & Sun 1989 / Idriss 1990 =

|5 ||1u1 ||1941 ||1u1 |2.a 1 — ] ' 3

Shear Modulus (Geff/Gmax)

Damping Ratio (D) (x 10°1)

Title |I:Ia_l,l -Seed & Sun 1983 / |dns= 1990
e /
a 2

0.0001 0.0 0.0 0.1 1 1
Shear Strain (%)

User can add edit, delete,
and included new curves

0

18
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Computation of Equivalent Soil Properties

Input Acceleration Time History

MAXIMUM ACCELERATION = . 85600

AT TIME = 4,37 SEC

THE VALUES WILL BE MULTIPLIED BY A FACTOR

TO GIVE NEW MAXIMUM ACCELERATION

MEAN SQUARE FREQUENCY = 6. 87 C/SEC.
#%%  CONTROL MOTION LAYER #%%
=%  MOTION OF LAYER NUMBER

1 OUTCROPPING
wEE - STRAIN COMPATIELE SOIL PROPERTIES #¥%
MAXIMUM MNUMBER OF ITERATIONS g

STRAIN FACTOR IN TIME DOMAIM .60

EARTHQUAKE -

Initial Soil Layering Properties

wEE  S0IL PROFILE DESCRIPTIOMN ®#®%¥

NEW SOIL PROFILE NO. 1 IDENTIFICATION
NUMBER OF LAYERS 5 DEPTH
NO. TYPE THICKMNESS  DEPTH Tot. PRESS. MODULUS
(o o) (kst)
1 1 10.00 5.00 .65
2 1 10.00 15.00 1.64
3 1 10.00 25.00 2.31
4 1 10.00 35.00
5  BASE
PERIOD = .16 FOR AVERAGE SHEAR

Final Soil Layering Pr

ITERATION NUMBER &

VALUES IN TIME DOMATL
y ¢
NO TYPE DEPTH UNIFRM. |<---- DAMPING|----3>
{(FT) STRAIN |MNEW USED ERROR
1 1 5.0 00296 014 014 .0
2 1 15.0 00909 027 L027 0.0
3 1 25.0 0laz29 038 038 0.0
4 1 35.0 02485 047 047 0.0
PERIOD = .18 FOR AVERAGE SHEAR WELOCITY =

C: W ACS_C\NEWMHX. ACC

. 350
. 30000

<--—-- 5SHEAR MODULUS
NEW USED
IBVY.2 IBVY. 2
3466.9 3466.9
3055. 3 3055. 3
2729.1 2729.2
900.

SOIL Module
(based on SHAKE approach)
Computes Equivalent Soil
Properties Using
Seed-ldriss Equivalent
Linear Model

40.00

SHEAR VEL

(fps)

000.0
1000.0
1000.0
1000.0
1000.0

————— = G/Go

ERROR  RATIO

.0 . 960

.0 . B59

0.0 . 757
0.0 . 67

19
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Input Motion
Murnber of Fourier Components
Time Step of Input Motion

Mumber of Values

0.005
3000

FORCE | AMALYS | MOTION | 5TRESS | RELDISP | MOMLIMEAR | AFWRITE

Soil Profile Stresses Strains

Layer Mumber = Compute Stresses
Property Number [] 5ave Stress Time History

[~] Compute Strains

Dynamic Soil Property [] 5ave Strain Time History

Multiplication Factor

(=]

| Sand |

Max Value for Time History

Gravity Accel. (ft/s"2 or m/s"z)
(used for free-fixed analysis)

Mumber of Header Lines

Input Direction

Tantral Daint | avar

Nonlinear Site Response
in time domain using
same theory as DEEPSOIL

S ipmsimem —-... .Operties

e

1

3.2

Spectral Amplification Factor

HEsiEEo s [ Save Spectral Amplification Factor

[ Outcropping of Second Layer
() Mo Computation

® Compute Maximum [] Outcropping of First Layer

Second Layer Mumber

Frequency Step D

TME|

() Compute Maximum Time History

[] Qutcropping

Response Spectrum
Fourier Spectrum
Save Response Spectrurn

[ Qutcropping
Save to File

Multiplier for - _
Acceleration of Gravity Outcropping

Compute Fourier Spectrum

Displacement Convergence Error
Force Convergence Error

Equilibrium [teraticns

I —

Damping Ratios 0
002,005 | 0
—bertmrEaT SOl \ \
[ Monlinear Time Domain Bedrock Interface [] Curve fit Hyperbolic Parameters
Subincrements per Timestep IZI (®) Rigid Viscoelastic  Beta

Damping Type (1,2,3) D 5 exponent
Mass Matrix Mult. E Reference Strain
Stiff Matrix Mult. E Viscosity

T

\ /

SOIL Includes SHAKE or DEEPSOIL Option

EQUAKE | SOIL  SITE | POINT | HOUSE

Ok y

20
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Selection of Seismic Wave Environment (SITE)

Analysis Opticns

=5c)

Qperation Mode

" Linear Soil

Made 1
Gravity Accel. ft/s2 or m/s2)
{Used for 551 Analysis)

Frequency Step

Time Step of Control Motion
Mr. of Fourier Components
Frequency Set Mumber
Mumber of Generated Layers

Halfspace Layer
Top Lavers

Iv Mode 1
Iv Mode 2

=

1

2222222222 &

—
i
—

Mode 2
+ R- 5V- and P-Waves
" 5H-and L-'Waves

EQUAKE]SOILPDINT]HDLISE]FDHCE]ANALYS MOTION | STRESS | RELDISP | AFWRITE

= SASSI Soil Layer View <5>

R-Wave lS"u"—Wave ] P-Wave ] _ _
1 Layer Thickness  Unit PWave S-Wave P-Wave S-Wave
* No R-Wave Fie Weight Welocity Welocity Damping Damping
Rati Rati
" Shortest Wavelength 2 o o
1 10 0.13 2500 1000 0.05 0.05
3 2 10 0.13 2500 1000 0.05 0.05
(" Least Decay / 3 10 013 2500 1000 005  0.05
) 4 10 0.13 2500 1000 0.05 0.05
Wave Ratio 1 - Halfspace 2500 1000 0.05 0.05
Wave Ratio ‘ ‘ ‘
el | SITE Module
Frequency 2 4000 .
_ « Compute Site Response
Control Point Layer |1 .
Assuming A Selected

Direction ™ X Y ( Z

Seismic Environment
Including SV, P and R- or
SH and L- wave
Combination

Cancel

o |

Help
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Input for Computing Soil Flexibility Matrlx (POINT)

Analy‘sls Opticns

EQUAKE | SOIL | SITE  POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP | AFWRITE |

Qperation Mode

" Solutior: " Data Check
Mumber of Embedment Soil Layers 0
Poirt Load Central Zone Radius 138 POINT MOdl“e

Compute Soil Layering
Flexibility Matrix

Radius for Transmitting Boundary
for point load at soil layer interface.
It depends on interaction node mesh.

QK | Cancel Help |
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-

Inputs for Coherent and Incoherent SSI (HOUSE)
, i ol

Analysis Options

EQUAKE | soIL | SITE | POMF@HCE] ANALYS | MOTION | STRESS | RELDISP | AFWRITE

Operation Mode Soil Motion Multiple Bxcitation
@ Solion ¢ Data Check f Coherenip Incoherent; [ Use Mutiple Excitation HOUSE includ
] ) ] . Include
Coherente Parameter X Oir. (g Input Motion Mumber .

Dimension of Analysis also a (hldden)

- Flexible Interface ime Step of Sesmic Mation |0.005 Z Coord. of Control Point |0

i i 4056
{¢ Diract DAL I Spectral Amplification Ratios
F 1111111111111 -

reguency: st MNumbe 'I
MNumber of Incoh. Modes 0
.l Prirt Coherence Matric

onlinear 551 Input Data

” ir. 0.1 First Foundation Mod 1 .
~ 1D £ 20 & ap Cohergnce Parameter Y Dir. Irst Foundation Mode nOde numberlng
Cohefence Parameter Z Dir. 0.2 Last Foundation Node &3 Optimization
Flesdble Volume Method : : : . .
) Hmble Vﬂlume SDI' Ell:":rhr-"ll .IE'.II:II-IE 1DDD KCDDI‘d. l:d: I:':Il'ftl":ll F'Dll'lt D algorlthm (1 In COI
 Direct ™ Skin Mpmber of Embed. Layerz |0 Y Coord. of Control Point |0 1 line Of .hOU)

Acceleration of Gravity

Ground Elevation

Wave Passage
v Use Wave Passage

Spectral Amplification
Factors are applied to
Control Motion

Angle of Line D with X &ds [0 [ Use Complex Spectral

Model [3 r

-

Superposition Mode | | |
* Linear C e
Three deterministic incoherent SSI approaches are

" Quadratic
- available: 1) Linear or AS, 2) SRSS TF with zero phase,
. . . \ and 3) SRSS TF with coherent phase.
Incoherent Motions with Directional Wave Approach 1 and 2 used by EPRI (TR 1015411)
Passage Effects can be Included. —
Multiple Excitations are applicable for B = = H
Separate Isolated Foundations. 23
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HOUSE Module for Incoherent SSI

EQUAKE | SOIL | SITE
Operation Mode

(®) Sclution i) Data Check

Dimension of Analysis

1D 2D (®)3D

Flexible Volume Method

() Flexible Velume(FV)
() Fast Flexible Volume(FFV)
(®) Flexible Interface(FI)

Acceleration of Gravity

Input Data

Ground Elevation

Mon-Linear 551

POINT | HOUSE

FORCE | AMNALYS | MOTION

Soil Motion

(") Coherent (®) Incoherent

Coherence Parameter X Dir
Coherence Parameter ¥ Dir
Coherence Parameter Z Dir
Alpha Directionality Factor 0.50
Murmnber of Embedded Layers
Time Step of Seismic Motion | 0.003

Nr. of Fourier Components | 16384

STRESS

RELDISP MOMLIMEAR
Multiple Excitation
[] Use Multiple Excitation

Input Motion Mumber 1

4k

First Foundation Mode
Last Foundation Mode
A Coord, of Control Point
Y Coord, of Control Point

Z Coord. of Control Point

{1

Spectral Amplification

AFWRITE

Frequency Set Mumber

NECCNENEN

MNurmber of Incoh. Modes

[] Optimize Medel [ Print Mode Contributions

Up to 50 stochastic wave field
simulations in a single SSI analysis
run (up to 30 FILE77)

Seed Variables

Wave Passage

[+] Use Wave Passage Angle Line D with X Axis

i

Apparent Velocity for Line D Unlagged Coherency Model

Motion Incoherency Simulation

Horizontal Seed Mumber ‘ 738N

|
\ 45892 / |
|
|

() Deterrinistic (Median) Incoherency Input

(®) Stochastically Simulated Incoherency Input Vertical Seed Mumber

Random Phase ( Degrees) | 180

@er of Simulations ‘ 20

Stochastic approach for incoherent SSI. Use different SEED
numbers for different simulations. Random phase is always 180.

[] AMSYS Model Input AMNSYS Model Type

Embedded Surface

>

Ok Cancel
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HOUSE Incoherent SSI Capabilities

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

1986 Luco-Wong model (theoretical, unvalidated, geom anisotropic)

1993 Abrahamson model for all sites and surface foundations

2005 Abrahamson model for all sites and surface foundations

2006 Abrahamson model for all sites and embedded foundations

2007 Abrahamson model for hard-rock sites and all foundations (NRC)

2007 Abrahamson model for soil sites and surface foundations

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

2ot

REMARKS:

1) Also includes directional Abrahamson or user-defined coherency models.
2) For general, more complex situations, can include nonuniform motion in horizontal
plane by both amplitude and phase changes at different interaction nodes;
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Radial vs. Directional Motion Coherency Models

Y
RADIAL DIRECTIONAL

AN,

Y

—

\ J Global Axes\\

a =05 @ =

D2=2(1-a)Dx"2+aDy2] ><

-

0.9

Applicable to the generic, Abrahamson models

X

Rotated Axes

and user-defined, site-specific models
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ANALYS Module Coherent & Incoherent SSIi

EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP | MOMLIMNEAR | APWRITE

Operation Mode Frequency Numbers Multiple Excitation
[] Take Frequency Numbers from Filel / Filed

Frequency et Murnber

(® Sclution i) Data Check [] Use Multiple Excitation

4|k

Input Motion Mumber 1

Type of Analysis

@® Seismic Control Motion Foundation Reference Point EE R e D
() Foundation Vibration X-Coordinate of Control Point IIl Last Foundation Mode ICI
Mode OF Analysis ¥-Coordinate of Control Point III ¥ Coord. of Control Point ICI
(®) Initiation Z-Coordinate of Control Point III ¥ Coord. of Control Point D
() Mew Structure Coordinate Transformation Angle III 7 Coord. of Control Point D

() New Seismic Environment

O New B e e i) Coherent (® Incoherent Global Impedance Calculations

[]Wave Passage Effects Included Oz aterEs elEe

() Only Decoupled (Diagonal) Impedances

() Free-Field Load (@) Free-Field Motion O FullRigid Body Impedance Matrix 6X6

neous Cases Dele

iles LebPrint Amplitude Onhy

Restart Files

Up to 50 stochastic SSI
response simulations in a

single SSI analysis run
(up to 150 FILESs)

Ok Cancel 27
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Save... = 1; FILE13 is saved, if
baseline correction is selected; ..« rucion
Save... =2; FILE12 is saved,

needed

MOTION New GUI Input

-

Analysis Options

J

[ Cutput Only Transfer Functions
[ S

| Save FILE 12 ar FILE 13

Operation Mode Type of Analysis

{* Solution {* Seigmic

(" Data Check (" Foundation Vibration
Qutput Control

r Functi

Total Duration to be Plotted |0

LT, T TR L, T O,

534 5848 5894 5948,
Add |

Incoherent SRSS

Interpolation Option
Phase Adjustment
Smoathing Parameter |0

Z XYy i Z7

|f ory of Reguested Response
v of Requested Response
in and Velocity B. 5.

wuvn s e wd0n @nd Velocity B 5.

5231,5244 52595302, ™ Print Masdmum Reguested Response

Edit

Baseline Comection
¥ Mo Comection First Frequency

Last Frequency
With Comection

Response Spectrum Data

Total Mumber of Freq. Steps

1

EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS MOTION | STRESS | RELDISP | AFWRITE |

01

00

30|

Input Diamping Ratios
0.05

1]

0

Time Step of Control Mation

First Record
Last Record

Acceleration Time History Data

Mr. of Fourier Components 4056

Multiplication Factor

Max. Value for Time Histony

JRANLK

0.005

Title |EE—E‘.’I.-'-ACC 002

File |G AKEPCOATraining_March-2015

Delete |

Caonvert Time History to Response Spectrum

[ Select Extemal Files
Input Time History Files |

Post Processing Options
[ Save TFin all points

| Save ACCin all poirts
| Save RSin all points
| Save Rotation for ANSYS V1110

[ Restart for TF
| Restart for ACC
| Restart for RS

[ File Contains Pairs Time Step - Accel

OK

Cancel

Help
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line Interpolation Applied to SSI Simulations

Incoherent ATF - Node 9385 - Y Dir - Sample 1

Incoh Int. Opt. 2 - SP=50 |
Incoh Spline :

Incoh Int. Opt. 2 - SP=50 |
; i — Incah Spline

29
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Spline Interpolation Applied to Incoherent SSI
Simulation Approach

ARS - Node 9355 - Y Dir ARS - Node 9355 - Z Dir
S Bttt ettt e i B e R i e e e Sl i S el Sl S A
= Coh It Opt 2- SP=50 ' R Do === Cof ot Opt 2- SP=50
1.8 ™=1Incoh Mean Int. Opt. 2- 5P=50 |, = Incoh Mean Int. Opt. 2- 5P=40 | .
=== Coh Spline === Coh Spline
1 g1 === Incah Mean - Spline 257 = |ncoh Mean - Spline
F{ S SN S SUUEN O S/ WS
S SO A 0 S O S
A .
10 1 10 1
30
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Relative Displacements Computed Using Baseline
Correction (“Approximate”) and RELDISP (“Exact”)

Acceleration Time History - Mode 56770 - X Direction - TRY Comp.
0.04 —

Acc. from MOTION
— — Acc. from BL Caorrection
0.02 \

I

D02
004 | | | . RELDISP solu
: : 10 15 20_ always accura
Use RELDISP
5 im'z Relative Displacement Time History - Mode 56770 - X Direstar - TRY Comp.

Disp. from RELDISP
— — Disp. from BL Carrection

i A .x
JJ-"‘-. f\.l'l \l'w""fﬂr""" ]"1'] | 1{'?“" iy Wb A N .
0 ’ . .lﬂ ) LUV LA Yy .'.*," ""*'.;' WL oy o

0 5 1E| 15 20 2
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Computing Relative Displacements (RELDISP)

|

Analysis Options

EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS

Reference Location and Direction

Complex TF File Name |DO0DOTR_X. TF

Qutput Control
I+ Save Rel Disp Complex TF

Accelerstion Time History Data

Modal Output Data

Mr. of Fourier Components |4DE'E

Time Step of Control Motion  |0.002

Multiplication Factor

Maxx. Value for Time History 0.1
First Record

Last Record 3000

41T

Title |Newrnark-HaII Spectrum
File |D:"-ssi'-..NEWMHx.Ar:r:

[ File Contains Pairs Time Step - Accel

MNode Number | X |¥ | Z |
245 X Y Z
286 X

ad | Edt | Delete

| ——

I —

Fost Frocessing Option

Iv iSave Relative Displacement in all nodes:

S~

| Restart for Frame Generatio

7

\/ Saving Results, THD files, for Post-processing.

Restart is used for generating frames for deformed

RELDISP | AFWRITE |

RELDISP Module
computes transfer

functions, TFD files,

and motions, THD
files for relative
displacements.

shape plots and animations

QK

Cancel

Help
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~ Computing Output Stresses (STRE;S)

Analysis Options

EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION STRESS | RELDISP | AFWRITE |

Operation Mode | — Type of Analysis Blement Output Data

{* Solution {* Seismic

e FETT———

Output Control Edit

[ Auto Cl:umpl.rtatlnnnf_ St@lns in Soil E. Save stress TFU Delete

[~ Save Stress Time Histories DW/ .

Sl St and Tt fles STRESS Module Computes

Skip Time History Steps 1 -

Intempolation Option 0w || Stresses/Strains Forces/Moments

Components

{* Force 1-Direction - Node |
orce 2-Direction - Mode |
J-Direction - Node |

Ty

Acceleration Time History Data

Smoathing Option

Nr. of Fourier Components 4036

Time Step of Control Mation  |0.005

Frequency Set Mumber
Multiplication Factor

Component Reguest
Max. Value for Time History |01

1T

" Mo Request
First Recond {* Prirt Only Maximum Response
L3t Record 001 " Print Maximum and Save Time
Title |NEW”13"|‘:'HE'" Spectrum Past Processing Options

File |D:"-ssi"-.NE‘."'.-'MHK.ACC
[ File Contains Pairs Time Step - Accel

[ Save Max Value

in Selected Structural or Near-Field

Soil Elements

=

" Force 3-Dirzction - Node

" Momenrt 1-Direction - Node J
" Momert 2-Direction - Node J
" Moment 3-Direction - Node .

Includes 6 TF interpolation algorithms and
optional TF smoothing.

[ Restart for Nodal Stress Contours
[ Save Time History [ Restart for Soil Pressure Cortours

Frame Selection |

Saving Stress Results, THS for Post-processing.
Restart is used for generating frames for contour plots
and animations for stresses and soil pressures.
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Save Inputs for SSI Analysis Run (AFWRITE)

Analy‘sls Options

EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP  AFWRITE |

v EQUAKE
W S0IL

W SITE

W POINT
W HOUSE
[~ FORCE
W ANALYS
[~ COMBIN
W MOTION

¥ STRESS

[~ RELDISP Save the Fixed Format
Input Files for Running
The SSI Modules (FORTRAN)

QK Cancel Help
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ACS SASSI Model Input File Capabilities

(55 ACS-SASSI User Interface
Model File Plot Modules Options View Help

New 2B NOE A B @ JEAR
Open cri+0 ||V I F | £ ¥ H S
Save
Input
Converters > SASSI hou
Output ANSYS .cdb
F_](pDI't to Ansy,s GT STRUDL Database cOnverter from
Export to Strud
R ANSYS or SASSI2000
Exit
ANSYS .cdb to .pre Converter >
Input File Name Convert
Converter to ANSYS
<< Cancel
Output .pre File Name
<

Save Converted Data to Model Number

Enter Value for Gravity

Disclaimer: This converter has had limited testing and may provide inaccurate data
in some cases. Please check all models for accuracy befaore simulation.
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ACS SASSI SSI Analysis Capabilities

[55 ACS-SASSI User Interface

Model File Plot | Modules Options View Help
Location SEOZ A B[ @ FX
Extension i F £y ns

[

EQUAKE
SOIL
LIQUEF
SITE
POINT
HOUSE
PINT
FORCE
ANALYS \ .

Ty Running SSI Modules
MOTION
STRESS
RELDISP
NOMNLINEAR

ANSYS Eq. Static Load
ANSYS Dynamic Load
ANSYS Super Element Utilities

Option A-AA Interface
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ACS SASSI Post Processing Capabilities

(55 ACS-SASSI User Interface
Model File Plot Modules Options View Help

Model > LSO UM B[ @ JJEX
Cuts EN N JESey ¥

Spectrum TFU-TFI f

Time History I

Soil Layers

Soil Properties \
Mon Uniform Soil Field

Process Animation

e Plot model, submodels,
Contour > inputs, and SSI responses

Deformed Shape
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Transfer Function (TF), Response Spectra (RS) and
Time History (TH) Text Files for Post-Processing

RS Response spectra data files generated by the motion module

Naming Scheme for TFU, TFI, TFD, ACC Files

Characters 1-5 Node Number

Characters 6-9 Translation (TR) or Rotational ( R ) degree of freedom

Characters 10-11 Damping ratio number

TFU Uninterpolated acceleration transfer functions written by the motion module and stress transfer functions

TFI Interpolated acceleration transfer functions written by the motion module and stress transfer functions written by the stress module

TFD Displacement transfer functions generated by the reldisp module

THD Displacement time history written by reldisp module

ACC Acceleration time history written by motion module

Naming Scheme for Acceleration TFU, Acceleration TFI, TFD, THD, and ACC Files

Characters 1-5 Node Number

Characters 6-9 Translation (TR) or Rotational ( R ) degree of freedom

TH Soil time history for layers

Naming Scheme

ACC*** Acceleration time history for soil layer *** i.e. ACCOO1.TH is the acceleration time history for soil layer 1

SN*** Strain time history for soil layer *** i.e. SNOO1.TH is the strain time history for soil layer 2

SSH** Stress time history for soil layer *** i.e. SSO01.TH is the stress time history for soil layer 3

THS Stress time history written by stress module

Naming Scheme for THS, stress TFU, and Stress TFI

etype_gnum_enum_comp e.g. BEAMS_012_00001_FXI.THS

etype =| element type

gnum =| group number

enum = element number

comp =| stress component

Frames.txt Post processing frames for stress and motion
ELEMENT_CENTER_ABS_MAX_STRESSES.TXT List of maximum stresses for each element

STATIC_SOIL_PRESSURES.TXT Defines additional soil pressure (geological pressure) to be included in soil pressure frames
SRSSTF.txt SRSS option in motion




3. Ul Commands and Macros for Model
Checking and Post-Processing
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Useful Ul Commands for Checking FE Models and
Improving Numerical Condition, Section-Cuts

Commands for building SSI and SSSI models:
MERGESOIL, EXCAV, EXTRACTEXCAV, INTGEN,
FIXEDINT, HINGED, EXCSTRCHK

Improving the FEA model numerical condition and speed/storage:
FIXROT, FIXSHELL, FIXSOLID, FIXSPRING

Section-Cut Commands:
CUTVOL, SLICE, CSECT, CALCPAR, CALCSECTHIST, etc. (see
Demo 8)

Create Nonlinear Models, PANELIZE, PANELGEN, SHEAR,
BBCGEN,...
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SSI Model Checking Ul Commands

Command Action

EXCSTRCHK |Checks excavation nodes for potential errors
FIXEDINT Find Fixed Interaction Nodes

FREESPRING |Find Free Spring Nodes

HINGED Check model for possible hinged connections
KINT Find K node that are interaction nodes
USED Check and fix Unused nodes
EXCSTRCHK Commansd
EXCSTRCHK

This command checks if the Excavation interior nodes are common
with the Structure basement nodes. This will be incorrect from a
SASSI modeling point of view. A list detailing the shared nodes will be
printed to the command history. The number of entries in the list is
controlled by the Check Options break message number.

This command does not change the active model in any way.

41
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Useful Ul Commands for SSI and SSSI Model
Building and Combination

Command Action

EXCAV Create an Excavation volume for a model

MERGE Merge 2 models

MERGEGROUP |Merge 2 groups together

MERGEPANEL Merge a Panel I‘la.e'h_:ndel to the Solids and
beams of the original model

MERGESOIL gl:irlfge a Structural Model With a Matching

ROTATE Rotate the model around a point

SOILMESH Create a soil mesh for the active model

TRANSLATE Translate all nodefs a specified distance

WELD Combine nodes that share the same location
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Using ACS SASSI User Interface (Ul) Macros.
Few Examples...See also Demo 3

» Perform fast repeated Ul operations easily

» Post-Process SSI results (SRSS, averaging, time
superposition by algebraic summation, etc.)

* |dentify missing frequencies based on ATF or STF results,
and build list of new frequencies to be added

* Generate Backbone Curves for Nonlinear SSI Analysis
(Option NON)

* Automate the running of SSI Analysis

43
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Macro Basic Functions
« Macros are loaded into the Ul with the LOADMACRO command

« Macros are called with the MACRO command

* Input arguments for a macro are written in the form $n$, where n is
the number of the argument, i.e. $1% is the first input argument, $2%
Is the second, etc.

— In the example below, the macro call would look like
macro,srss,.\XDIR\00001TR_X01.rs,.\YDIR\00001TR_XO01.rs,.\Z
DIR\00001TR_X01.rs,.\SRSS\00001TR_X01_SRSS.rs

— From this example, the first argument is the X-Direction .rs file,
the second is the Y-Direction .rs file, the third is the Z-Direction
rs file, and the last argument is the file to save the computed

SRSS to. | * Compute SRSS
READSPEC, $15,1,1

READSPEC, $25,1, 2
READSPEC, $35,1, 3
SRSS,4,1,2,3

WRITESPEC, $4$, 4
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: Nested Macros for Efficient Post-Processing

Top Level .pre File Calling Nesting Macro

* Define Variables

Macros can be nested to eas”y mdl temp,<work folder>\Coherent\Post-Processing

. var,path,.
perform repeated operatlons. loadvar,nodes,@Path[1]\Nodes. txt
This example calls the nesting |+ | macros
macro to paSS f||e name loadmacro,srss,SRSS-macro.pre

. . loadmacro,nestSRSS,Nested-SRSS.pre
information to the macro
* Combine Results

perfOFming the SRSS Operation- foreach,nodes,macro,nestSRSS,@nodes[#],01,X,@path[1]
The nesting macro is passed

Macro Calling SRSS Macro (Nested-SRSS.pre)

file name information from the “NEST SRSS

' ' =3 macro,srss,$4S\XDIR\S1$TR_$3$5$25.rs, 545\ YDIR\$1$TR_$35$29.rs,
top level .pre file, |O(?p|ng $4$\ZDIR\$1$TR_$3$$2.rs,$4$\Combined\ISRS\$1$TR_$3$$25.RS
through nodes to build file
names to pass to the nesting Macro to Perform SRSS Calculation (SRSS-macro.pre)
macro with the FOREACH * SRSS MACRO

READSPEC,$1$,1,1

command. READSPEC,$2$,1,2

> READSPEC,$3$,1,3
SRSS,4,1,2,3
WRITESPEC,$49$,4
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Section-Cuts Capability Using ESTRESS Frames

The Ul Section-Cut capability has two options:

1) Uses a single frame of stress data (single .ess frame file) to
compute the section-cut forces and moments on a cross-
section at a specific time step.

2) Uses a multiple frames of stress data (all .ess frame files) to
compute the full time-history of the section-cut forces and
moments.
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Section-Cut Submodel Models

Transverse Wall Longitudinal Wall
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Section-Cut for Single ESTRESS Stress Frame

* Read element center stress frame
READSTR, estress 02617.ess, C:\DEMOS\DEMOS8\ESS_STRESS

*For the 1%t section-cut in the SUBMODELER command line, type

CUTVOL,1,132.4

*The blank arguments to this command are interpreted as the respective
*minimum or maximum extent of the building model geometry. This cut volume
*is saved to cut #1.

CSECT,1,1,0,0,15.3,0,0,1

*This creates a cross-section model from cut #1 through point (0.0, 0.0, 15.3),
*with a cross-section plane normal unit vector of (0.0, 0.0, 1.0). The cut cross-
*section is saved to model #1

CALCPAR, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0" in the command SUBMODELER window
to calculate the cross-section parameters, seismic forces and moments
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Section-Cut for Time History ESTRESS Frames

Section-Cut Model
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CALCSECTHIST Command Example

*Batch .pre input file of section cut for multiple frame data

*

*

actm,0
*Replace Directory Path
inp,demo8.pre, C:\DEMO_PROBLEMS\DEMOQOG\

* Define structure component to be cut
slice,1,0.0,0.0,-12.0317,0.0,0.0,1.0

* Cut the selected structure component using cutting plane

* Calculate the parameters on it, and output to given file

Calcsecthist, C:\DEMO_PROBLEMS\DEMOS8\estr_frame_files.Ist,1,0.0,0.0,-
12.0317,0.0,0.0,1.0,1.0,0.0,0.0,1,.005,C:\DEMO_PROBLEMS\DEMO8\frc_mmt

_on_cut02.xt

* output cross sections for visualization with PREP (optional)
cut2sub, 1,1

actm, 1

write, Slice.pre, C:\DEMO_PROBLEMS\DEMQOGS\
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CALCSECTHIST Results

10* The Forces on the Cross Section, Z = -12.0317

C:\DEMO_PROBLEMS\DEMOS8\frc_mmt_on_cut02.txt file: ==

Fy

0.005 -343.777 12065.2 0.229168 -800746 -21965.1 581499
0.01-268.056 11539.5 0.300395 -779248 -16700.6 600032
0.015-189.851 10623.5 0.294853 -733816 -10990.5 593052
0.02 -114.229 9320.15 0.227868 -665089 -5282.46 558887
0.025 -44.3936 7645.78 0.144148 -573880 2.20757 497620
0.03 18.0423 5647.78 0.0908182 -461901 4514.26 411756
0.03572.3351 3391.01 0.0894927 -331126 8011.35 305474 Yw owmowmowm o ow o TE m m me
0.04 117.752 967.345 0.124164 -184604 10378.6 184558

M 105 The Moments about Axes on the Cross Section, Z = -12.0317
c

1.97 -676.309 9226 0.149393 -698463 -42784.3 401711 d N Al =
1.975-631.161 8753.78 0.143451 -677218 -40340.6 396997 I AR ATV TATA N

1.98 -553.34 7862.11 0.158777 627501 -35783.4 376102 Ll } AERRIIYIRYIIY
1.985 -450.432 6584.62 0.16545 -550419 -29410.2 339107 ” - l HXHX‘
1.99 -330.715 4981.56 0.133199 -448530 -21628.8 287164 PN AV UV
1.995 -202.2 3116.14 0.0512961 -325035 -12940.6 221694 B AT

2 -72.0058 1058.89 -0.0630017 -184306 -3907.81 144578 IR 1 |

2.005 53.7767 -1132.73 -0.172686 -30951.4 4886.85 57394.5 L

12 122 124 126 12.8 13 132 134 136 138 14
Time, second
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N O1

4. Ul Commands for Fast Post-Processing of
SSI Response Time Histories Using
Compressed Binary Databases
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W Ol

MOTION Analysis Options

Output Control
[] Output Only Transfer Functions

[] 5ave Complex Transfer Functions
Save FILE 12 or FILE 13

Total Duration to be Plotted

Modal Qutput
Mode List

1-30

| \| Add

Convert Time History to Respogse Spectrum
[]5elect External Files

Input Time History Files

FORCE | AMNALYS | MOTION | STRESS

Analysis Options
EQUAKE | SOIL | SITE | POINT | HOUSE
Operation Mode Type of Analysis
(®) Solution (®) Seismic
i) Data Check () Foundaticn Vibration

Incoherent 55 Input

Interpolation Option
Phase Adjustment

Srnoothing Pararmeter | 1

@x Oy Oz Oxx Ow Oz
Printed Plot of Transfer Function
Save binary database added to the options.

For each input direction the Binary DB name will be
Binary DB name will be Modelname_ACC.bin

RELDISP | MOMLIMNEAR | AFWRITE

Baseline Correction Response Spectrum Data

i® No Correction
() With Correction

First Frequency

Last Frequency 8182

Total Mumber of Freq. Steps | 32

Damping Ratios

Acceleration Time History Data

1

II

Mr. of Fourier Components 2192
Time Step of Control Motion  |0.0053
Multiplication Factor

Max Value for Time History
First Record

Last Record 5000

AT

Title | acc ¥ 8192

File | Coftest/tehell/acc_X_8192.acc

[ File Contains Pairs Time Step - Accel,

Edit Delete

Post Processing Options

[]5ave TF in All Points [] Restart for TF
[]5ave ACC in All Points [] Restart for ACC
[]5ave RS in All Points [] Restart for RS

[]5ave Rotation for An sys 11.0
Binary Output Opticn

Save Binary Database

Cancel
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RELDISP Analysis Options

Analysis Options

EQUAKE | SOIL | SITE | POINT | HOUSE

Reference Location and Direction

FORCE | ANALYS | MOTIOM | STRESS | RELDISP | MOMLIMEAR | AFWRITE

Complex TF File Name | C:/test/tshell/00415X.TFI

Output Control
Save Rel Disp Complex TF

Acceleration Time History Data
Mr. of Fourier Components 8192
Time Step of Control Motion | 0.005
Multiplication Factor

Max Value for Time History
First Record

Last Record 5000

WENILE

Title | acc ¥ _8192

File | Ciftest/tshellfacc_X_8192.acc

Meodal Output Data

Mode Mum... X ¥ Z XX YY ZZ
1

Save binary database added to the options
For each input direction the Binary DB name will be
Modelname_TR_X_THD.bin

[ File Contains Pairs Time Step - Accel,

Post Processing Options

[]5ave Relative Displacerment in All Modes

[] 5ave Rotations for ANSYS V11,0

Binary Disp. Option

i) No Binary
TFD Binary

|24 Modelname TR_Y THD.bin
Modelname_TR_Z THD.bin

[]Restart For Frame Generation

Ok Cancel
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STRESS Analysis Options

Analysis Options

EQUAKE | S0IL | SITE | POINT | HOUSE

Operation Mod ~ Type of Analysis

(® Solution (®) Seismic
() Data Check () Foundation Vibration

Qutput Centrol

[ ] Auto Computation of Strains in Soil El.
Save Stress Time Histories
[] Output Transfer Function

Phase Adjustment

Interpolation Option

11

Sroothing Option

Acceleration Time History Data

Mr. of Fourier Components 8192
Time Step of Contrel Motion  [0.005
Multiplication Factor

Max Value for Time History
First Record

Last Record 5000

R NNk

Title | acc ¥ 8192

File | RN SR acc X 8192.acc

[]File Contains Pairs Time Stepr= Accel,

Binary ProcessingTption

ave Binary Database

x

FORCE | ANALYS @ MOTION | STRESS | RELDISP | NOMLIMEAR | AFWRITE
Element Cutput Data

Group  Element List Output Code Add

10 12 ) -

Delete

< b3

Components

(®) Force MXOX () Moment MYY

() Force MNYY () Moment MXY

() Force MXY

() Force OXZ

(") Force QYZ . g

Save binary database added to the options
() Moment MXX

component Request |\ ElE€MENt Output Components are different for thick
@ No Request shells (8 components instead of 6 components)
() Print Only Maximurr

OprintMaimumang. FOF €ACH Input direction the Binary DB name will be
post Processing optior. BINArY DB name will be Modelname_STRESS.bin

Save Max Value []Restart for Medal Stress Centours
[]5ave Time History []Restart for Soil Pressure Contours

Frame Selection

Section Cut Options
[]5ave Tirme History

Ok Cancel
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SSI Response History Post-Processing Options

User Interface:

Binary Databases:

Generate BDBs for each input direction; select flag for BDB
Combine BDBs for three inputs XYZ using Ul commands

Use the XYZ combined BDB to extract frames at selected time
steps or maximum values (text frame tables)

Ul commands are designed for extracting selected time
histories from BDB and tables at given times or with maximum
values

56
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"Ul Extracting STRESS Maximum Element Outputs

LOADTHSDB, C:\ACSV3I00\DEMO FROBLEMS\DEMOS\XYZ Analysis‘\5STRES5\Combined\TH5\AB SHEAR NL STRE5SS.BIN
Database read took 3.906000 Seconds

LOADVAR , elist, C:\ACSVI00\Demo Froblems'\Demo3'\XYZ Analysis‘\element output list.txt

Variable Loaded Sucesafully from file

BINSTRIEL, 34,elist,1,C:\ACSV300\Demo Problems’\Demo9\XYZ Analysis\STRESS MRX.txt

Table File : C:\ACSV300\Demo Problems’\Demo3'\XYZ BZnaly3is’\5TRES5S MRX.tHt wWritten

U

Gr. Elem. SXX SYY XY MXX MYY MXY
34 1 0.0619 1.3769 1.7051 0.2896 0.2343 0.3228
34 2 0.0092 1.6048 2.6930 0.2101 0.8928 0.1681
34 3 0.1953 1.0696 2.6461 0.5233 0.8652 0.1771
34 4 0.1861 0.7625 2.1855 0.2927 1.1031 0.1119
34 5 0.0589 0.8005 4.2785 0.5619 1.8940 0.0472
34 6 0.0849 0.7012 4.9323 0.8285 1.8190 0.1373
34 7 0.0262 0.6604 3.4275 0.6116 0.2215 0.4655
34 8 0.0329 0.4823 1.7195 0.2640 1.7506 0.5377
34 9 0.0498 0.7906 1.7139 0.7083 1.3001 0.2326
34 10 0.0864 0.5886 2.4700 0.5667 0.5384 0.1734
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- Ul Plot Nodal Contours Using Binary Databases

E & W
@ | @

| Command F

COmmand Entry

(55 ACS-SASSI User Interface
Model File Plot Modules Options View Help

Model

Cuts

Spectrum TFU-TFI
Time History

Soil Layers

Soil Properties

Non Uniform Soil Field
Process Animation

Bubble

Vector

Contour
Deformed Shape

- O X

>r.;\s®§e1|§o|?- - @ JEXE
F sy wg

2 : i !M

2 Process Animation include data from the binary
databases for nodal accelerations, displacements
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> Ul Processing for Node or Element Animation
Frame Lists for ACC, THD and THS Histories

Parse Frame Data et
List File Name . Ol
Frame Storage Dir | Ci/test/tshells/stressframes/ T Cancel

Data Description stress animation for the tshell E:-:amplel

Plot Type New options added to Process
() Bubble Animations for each database that
can be loaded into memory

® Functionally is the same as
() Contour ACCDBANI, DISPDBANI and
O) Time Hist THSDBANI commands

IME MIETor

_ Old Ul command options that use the
(®) Stress DB (Binary) text frame list files still work the same

(C) ACC DB (Binary)
() RelDisp DE (Binary)
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Plotting STRESS History of Max Element Outputs

INPUT FILE REAZCHED EOF, INPFUT SWITCHED TC KEYBOARD

LORDTHSDB, C:\AC5V3I00\DEMO FROBLEMS\DEMOS'\XYZ Analys3is‘\5TRE35\Combined\THS\AB SHERR NL 5TRE35.BIN
Database read tock 7.110000 Seconds

LOADVAR,elist, C:A\ACSV300\Demo Froblems'\Demo9\XYZ Analysis‘element output list.txt 1

Variable Loaded

Sucessfully from file

HAKJBFFAHE,IHS,E:RAESHEﬂﬂijemc_PrcblEmsHjemcﬂHKTE_AnalysiSESIRESSREcmbinediIHSRHax_Frame_Ecntcuﬂ

Max Frame added user interface animation database

1-10649

THSDBANI,C:\ACSV300\Demo_Problems\Demo9\XYZ_Analysis\STRESS\Combined\THS\AIl_Frame_Contour

5 ACS-SASSI User In’

Model

Model

Cuts

Spectrum TFU-TFI
Time History

Soil Layers

Soil Properties

Non Uniform Soil Field

Process Animation

Bubble

Vector

Contour
Deformed Shape

Load Frame Data

F||e P|0t Mc Select From Database

5 f A || Description

L EE LT
E
TEN f| Animation Control

Ee I1| Frame Selection

. | Stress Max Frame for
b Stress Contours for AB...

Stress Max Frame for ...
ry

Animation Dire...
CNACSV300\De...
CMACSV300\De...
CNACSV300\De...

Remove Animation

Type Fra...
Ele.. 1
Ele.. 106...
Ele.. 1

Edit

LEE XS]

q Start| 1 | Edld| 10649 | stride 1

g Data Range

Ok

Description

Data Column| 5/ | Min | 0.000000] Max| 500

Cancel

‘ Use-Zefined Range

> Modal
Element

T

|
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Post-Processing SSI Responses Using Binary
Databases Described in Detail in Demo 13

* Define Variable for Working Directory
VAR,PATH,C:\ACSV300\Demo_Problems\Demo13

* Combining Three-Direction Response RELDISP Displacement Binary Databases for Each
Seismic Input
COMBDISPDIR,@PATH[1\XDIR\ABShear_TR_X_thd.bin,@PATH[1]\XDIR\ABShear_TR_Y_thd.bin,@P
ATH[1\XDIR\ABShear_TR_Z_thd.bin,@PATH[1]\XDIR\ABShear_thd.bin
COMBDISPDIR,@PATH[1]\YDIR\ABShear_TR_X_thd.bin,@PATH[1]\YDIR\ABShear_TR_Y_thd.bin,@P
ATH[1\YDIR\ABShear_TR_Z_thd.bin,@PATH[1]\YDIR\ABShear_thd.bin
COMBDISPDIR,@PATH[1]\ZDIR\ABShear_TR_X_thd.bin,@PATH[1]\ZDIR\ABShear_TR_Y_thd.bin,@P
ATH[1]\ZDIR\ABShear_TR_Z_thd.bin, @ PATH[1]\ZDIR\ABShear_thd.bin

* Combining SSI Responses Computed for X, Y and Z Inputs Using Binary Databases for
MOTION, RELDISP and STRESS
COMBACCDB,@PATH[1\XDIR\ABShear_ACC.bin,@PATH[1]\YDIR\ABShear_ACC.bin,@PATH[1]\ZDI
R\ABShear ACC.bin,@PATH[1]\Combined\ABShear_ACC.bin,0
COMBDISPDB,@PATH[1]\XDIR\ABShear_thd.bin,@PATH[1\YDIR\ABShear_thd.bin,@PATH[1]\ZDIR\A
BShear_thd.bin,@PATH[1\Combined\ABShear_thd.bin,0
COMBTHSDB,@PATH[1\XDIR\ABShear_STRESS.bin,@PATH[1]\YDIR\ABShear_STRESS.bin,@PAT
H[1]\ZDIR\ABShear_ STRESS.bin,@PATH[1]\Combined\ABShear_STRESS.bin,0

* Loading Binary Databases into the ACS SASSI Ul for Fast SSI Response History Post-
Processing

LOADACCDB,@PATH[1]\Combined\ABShear_ACC.bin
LOADDISPDB,@PATH[1]\Combined\ABShear_THD.bin
LOADTHSDB,@PATH[1]\Combined\ABShear_STRESS.bin
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Post-Processing SSI Responses Using Binary
Databases Described in Detail in Demo 13

* Plotting and Saving Results as Text Files from Binary Databases
* Nodal Accelerations (MOTION Module)

ACCDBANI,@PATH[1\Combined\ACC,Demo 13 Acceleration Time History
MAXDBFRAME,ACC,@PATH[1]\Combined\ACC_Max

* Nodal Relative Displacements (RELDISP Module)
DISPDBANI,@PATH[1]\Combined\THD,Demo 13 Relative Displacement
MAXDBFRAME,DISP,@PATH[1]\Combined\THD_Max

* Element Stresses/Forces (STRESS Module)
THSDBANI,@PATH[1]\Combined\STRESS,Demo 13 Stress Contour

MAXDBFRAME, THS,@PATH[1]\Combined\Stress_Max

A list of nodes or elements
must be assigned to an ACS
SASSI Ul variable when saving
specific nodes or elements to
text files. These are not
required when saving a frame
containing all nodes or
elements

* Saving Binary Database Results to Text Files
VAR,OUTNODES,63,137,205,219,253,271
VAR,OUTELEM,1,2,3,4,5,6,7,8,9,10,11,12,13,14

The output direction is controlled
by this argument,so 1 =X, 2 =Y,
and3=Z

* Accelerations (MOTION Module
ACCDBTHFILE,OUTNODES S@PATH[1I\COMBINED
BINFRAMEOUTACC,-1,0,0, @PATH[1]\Combined

BINFRAMEOUT.ACC,1000,0,0,@PATH[1]\Combined

BINFRAMEOUTACC 5.5,0.005,0, @PATH[1]\Combined Use ACC, DISP, or THS for this argument in
= the BINFRAMEOUT command to save frames

for acceleration, displacement, or stress,

* Displacement (RELDISP Module)

respectively
DISPDBTHFILE,OUTNODES,1,@PATH[1\COMBINED The output group number and
* Stress (STRESS Module) stress component is controlled by
THSDBTHFILE,19,0UTELEM, 1, @PATH[1]\Combined this arguments, respectively

BINSTRTBL,19,0UTELEM,-1,@PATH[1]\Combined\Group19_ Max_Stress.txt

BINSTRTBL,19,0UTELEM,1000,@PATH[1]\Combined\Group19_tstep_1000_Stress.txt
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Coordinate Transformation for Forces and
Moments in Shell Elements — Details in Demo 14

To apply coordinate transformations to element forces and moments, the requested elements
must first be added to a (section cut) submodel in the ACS SASSI Ul.

This submodeling operation conveniently allows for multiple walls or floors to be stored
independently without having to redefine any grouping currently present in the model, as well
as plotted separately to visualize the elements selected to apply coordinate transformation to.

Coordinate Transformation Commands

pa— Defines a vector for the X-axis
For Planar Geometry - CTRVEC,1|O,1,0,@PATH[l],MAX of the coordinate system to
For Cylindrical Geometry - CTRCCV,2, @PATH[1],MAX transform to. CTRCCV does not

require this argument, as it is

: calculated internally for the
Some Useful Commands for Selecting Elements tq yjingrical surface

CutAdd,<cut num>,<group num>,<elem 1>, ... <elem N>
CutAdd,<cut num>,<group num>,RANGE,<elem start>,[elem end], [stride]
CutVol,<cutnum>,[Xmin],[Xmax],[Ymin],[Ymax],[Zmin],[ZmaX]
SLICE,<cutnum>,<pointx>,<pointy>,<pointz>,<normalx>,<normaly>,<normalz>
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5. Option A-AA

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

Two engineering analysis options in ACS SASSI:

) One Step analysis using ACS SASSI for computing overall SS
responses of ACS SASSI or ANSYS FE model (Option AA)

i) Two Step analysis using ACS SASSI in 15t step and ANSYS in
2" step. The 2" step uses SSI response as input BCs (Option A)
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OPTION A: ACS SASSI-ANSYS Interface for SSI

Analysis Using ANSYS Models

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
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Selected Critical Time Steps for Maximum Stresses
To be Used for Equivalent Static Structural Analysis

ACS SASSI Seismic SSI Analysis

0
Computing Structural Element Stress
Structural @ | | tk
.' /
Stress/Forces i |||| /|
[ | |
."I\"II II| |Ilf || I||n|| |II |\ Time
| ||
. |l || || II! | ll '.Illlr' =
A .y
Al I
1 'I

t]

SSI Solution Time Frames As Equivalent Static Structural Loading at Critical Time Steps
EQS Relative Displacements

EQS Forces + BC Springs  EQS Forces + BC Displacements
O > O >
‘- - e )

@o— @— jr’ff {,/ i

“+—_|,Mesh | | \ l___'k

" '} Refinement \ =
) M t—vﬂ ? s

3

H'Exactﬂ'

’ réty t-by-c “Exact”
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Option A for A Refined Seismic Stress Analysis (Demo 5)

ANSYS Structural Model
Automatically Converted From
ACS SASSI Using PREP Module

———
-

ANSYS Refined Structural Model
Using EREFINE command or
ANSYS GUI (rank 1-6)
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ACS SASSI Seismic SSI Analysis

Computing
Seismic Soil
Pressures

._

Selected Critical Time Steps for Maximum Stresses
To be Used for Equivalent Static Structural Analysis

Structural Element Stress
1 tk
[ |I ||I / ||
| i ﬂ
|I\.'I I| |I'|"l | |I| |". h .
. | N\ | Time

t]

SSI Solution Time Frames As Equivalent Static Loading at Critical Time Steps

EQS Forces — Linear & Nonlinear
’4——&

o—
7

separation

EQS Relative Displacements — Linear (Welded)

EEE
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Option A for Seismic Soil Pressure Analysis (Demo 6)

1 ANSYS

ELEMENTS e
JUN 16 2010

15:09:53

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 ACS SASSI SOILMESH module.
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SURFACE SSI MODEL Dz placement and Acceleralion Option FleXibIe Base (WI Displl BC)

=YY Component at t = 4.105 seconcs
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Figure 193: Case b) SYY Element Center Stresses for “Displacement and Acceleration™ Option

Ovis placerment and Acteleralion Option
S47 Component &t T = 4106 s8c0ncs
100 —
& v

i
HF;

Siress

= - ACS 3ASSI Dynﬂmi::
o | | | & | | | | —& ANSYS Equivalent Static |
100 T T T
1] 20 40 &0 A0 100 120 140 160 160 200 220
Elemrent D

Figure 194: Case b): SZZ Element Center Stresses for “Displacement and Acceleration™ Option
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Anceleration Option
SMX Component at 1 = 2.570 seconcs

SURFACE SSI MODEL

150 —
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Figure 197: Case c): SXX Element Center Stresses for “Acceleration™ Option

Anceleration Option
S Companent at t = 2.670 Seconcs
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Figure 198: Case c): SYY Element Center Stresses for “Acceleration™ Option
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Ul Input Window for Option A

AMSYS Static Load Conwverter
Data to Add From ACS SA55 to the AMALYS model

ODi5p|ECEFﬂEHt () Acceleration @Disp. and Accel. ODisp.fDr Soil Module

[] Use Multiple File List Inputs
55| Model and Results Input

Path | CASSISSIResults |

HOUSE Meodule Input | abshear.hou | <=

Displacement Results | thdlist.txt | < << []Rotational Disp.
Trans. Acceleration Results | acclist.but | < << | []Rotaticnal Accel.

AMNSYS Model and Data Input

Path | CAANSYS\Resulss

Mass Data for Internal Load (Ignore for Displacemnent)
Mass Type
® Lumped Mass i) Master Mode Mass sgreEiE zmlng

For Lumnped Mass

Lurnped Mass

aster Mass

/ Master Mode Ma

AMNSYS Output File

ADPL File | ANSYS_SS|_loads.inp <<

Ok Cancel
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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 Ul read ANSYS model .cdb for structure and
excavation to convert the ANSYS model geometry configuration to
ACS SASSI for post-processing

5) Merge Structure and Excavation models using new Ul. Add interaction
nodes and AFWRITE the SSI model to produce HOUSE input.

6) Run SSIanalysis using HOUSEFSA and ANALYSFSA

~ Demo7
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Steps for Running SSI analysis Using ANSYS Model

i ‘r-rrffaDmI:_ kilﬁl'*]L FILE4
ANSYS Matrices COOSK

— | - Stiffiness COOSM

; v - Matrix [K] DOFSMAP
o % | o aneve ou. | M it Step 3: Run HOUSEFSA
Z ‘ ‘ run of SSI model

1 | | rE1EITII: |r|
Step 1: ANSYS is used to build Step 2: ACS SASSI User Interface
FEA Models for Structure and combines Structure and Excavated
Excavated Soil and produces Soil after converting their ANSYS .cdb
K, M and C matrices using ANSYS to ACS SASSI .pre format. Generate
macro and SSI2ANSYS code HOUSE input file (.hou)

B /
- out o ._.'_,._,I_;',.r.d._"'l" -
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Using ANSYS with gen_kmc.mac APDL Macro

FOR STRUCTURE ANSYS Model:
At the ANSYS command line input
gen_kmc,"."0,"’

APDL Macro produces the following files:
COO0SK_r, COOSKI_r, coosm_r, cooSmi_r, cooSc_r, cooscl_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_I, cooeki_r, cooem_r, cooemi_I, cooec_t, cooecl_I, and
Node2Equ_Excv.map
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Using ANSYS with gen_kmc.mac APDL Macro

|| cooec_r I 172572014 1:27 PM File
|| cooeci_r 172572014 1:27 PM File
|| cooek_r 1/25/2014 1:27 PM File
|| cooeki_r 172572014 1:27 PM File
cooem_r S e
: ooerm t ANSYS Model K, C and M Matrix F|Ies (APDL macro)
|| coosc_r 1/25/2014 11:06 AM  File
| | coosci_r 1/25/2014 11:06 AM  File
|| coosk_r 1/25/2014 11:06 AM  File
|| cooski_r 1/25/201411:06 AM  File
|| coosm_r 1/25/2014 11:06 AM  File
|| coosmi_r | 172572014 11:06 AM  File

I ANSYS Mo_dfe_l -I_\/_Iapplng Files (APDL macro)

[ S e B e R T

ModelEqu_Excv.map
Mode2Equ_Stru.map

5":”:“:':':45 BNy th T A Al MK A b Chil-

<ldboxd5. struct.cdb I ANSYS Model .cdb Files (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.cdb in 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
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ANSYS FE Types Compatible with Option AA

SOLID element types: SOLID45 and SOLID185;

*SHELL element types: SHELL63 and SHELL181;

‘BEAM element types: BEAM44 and BEAM188;

PIPE element types: PIPE288;

*COMBIN element types: COMBIN14;

*Couple nodes (CP command) and Constraint equations (CE command)
‘Multipoint constraint element types: MPC184 Rigid Link and Rigid Beam
* Fluid element types: FLUID80 (legacy element). It may also work for
FLUID30, but no V&V test problem was run for this. To be tested soon.

« MATRIX50 Super Element
- Included in Option AA using ANSYS model
- Converted to General Matrix Element for the ACS SASSI Model

REMARK: Not all keyopt or othere parameter values work! -
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on (g)

Accelerati

Fluid Surface Acceleration at Center (Input 0. 39)

ﬂ/\/\Mﬂ/\

vwwvvwvvw

WaII Transverse Acceleration at Center (Input 0.39)
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2018 Copyright of Ghiocel Predictive Tecvhnﬁb;lfdgies, Inc., USNRC Presentation, Session 3, Nov 15, 2018

80



XA %\vﬁﬁ
)

y
OO EANN
NS
,_,.\\_._w’ ,mf #.. ;
CXNIER
AN

Water Displacement Response (Sloshing)
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-Using ANSYS MATRIX50 to Build Super Elements
(see Demo 11 and V&V Pb 52)

Full Model

Structure

Structure ond SE

P

P
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- ANSYS Super Element (SE) Converted to ACS SASSI
Using General Matrix Elements (GM)

. x
Main Model =

ANSYS MATRIXS0 Super Element Operation
(& Convert ANSYS SE Matrices to SASSI General Elements
(" Assemble SE Matrices into ANSYS Main Structure Matrices (Option AA)

SE Matrix Folder D:\demo_xx\ansys_work

Iaim Simuchure Matrix Falden

Number of Super Elements 1
General Matrix ID Start 1_
Element Group ID Start (4
~Input SE Files Names (.sub) One by One: ———
Add
sidbox_gen & EENEATE
[~

General Element Qutput Folder D:\demo_xx\sassi_work

Super-Element

General Element Output Fie (.pre) | ge_from_se

ok | Cancel
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ANSYS Super Element (SE) Using Option AA By

Adding Main Model and SE Model Matrices

Main Model

Super-Element

ANSYS MATRIXS0 Super Element Operation

X

(" Convert ANSYS SE Matrices to SASSI General Elements

& Assemble SE Matrices into ANSYS Main Structure Matrices (Option AA)

SE Matrix Folder

Main Structure Matrix Folder
Number of Super Elements
GGereral [Matmi 15 Shant
Elerment Grotp It Start

~Input SE Files Names (.sub) One by One: ———

d:\demo_xx\ansys_work

d:\demo_xx\ansys_work
1

Add

sidbox_gen -«

Remove

[~

General Element GutpuUt Folder

Zeneral Element GutpuUt Fie (pre)

o |

Cancel
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6. Option NON

Nonlinear Structure Behavior for
Concrete Structures
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Option NON Modeling of Hysteretic Behavior

Linearized Hysteretic Model Experimental Hysteretic Model

Frequency Domain Time Domain
Equivalent Linearized Hysteretic Model Hysteretic Model

Fast and accurate nonlinear SSI analyses at a small fraction of the runtime of a time
domain nonlinear analysis, about 2-3 times linear SSI analysis runtime (about 5-6
iterations are sufficient).

Much more robust than nonlinear time integration approaches - similar opinion has
also Prof. Kausel (Kausel and Assimaki, 2002)
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ACS SASSI Nonlinear SSI Analysis Procedure

Nonlinear SSI Analysis computational steps:

* Forthe initial iteration, perform a linear SSI analysis using the
elastic properties for the selected shearwall panels

* o Compute concrete shearwall panel behavior in time domain that
s used to calibrate the local panel hysteretic models associated
to each nonlinear shearwall panel in complex frequency

* | Perform a new SSI analysis iteration using a fast SSI reanalysis
(restart analysis) in the complex frequency domain using the
hysteretic models computed in Step 2 for all selected panels

¥V Check convergence of the nonlinear SSI response after new SSI
iteration to stop; otherwise continue with a new iteration
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8 Option NON Applicability to Concrete Structures

Option NON is applicable to the reinforced concrete structures for simulating
the concrete cracking and post-cracking behavior in the low-rise shearwalls
for the design-level and/or beyond-the-design-level seismic inputs.

The Option NON was validated for the low-rise reinforced concrete shearwall
buildings that fail primarily due to the in-plane shear deformation. Based on
the time-domain hysteretic behavior, the elastic modulus and damping in
each concrete wall are modified iteratively based on the local stress and
deformation levels. No out-plane nonlinear concrete behavior is considered.

However, Option NON can also consider the nonlinear concrete behavior
due to the in-plane bending deformation effects.

In the same nonlinear structure FE model, the analyst can include wall
panels (parts of walls) that fail primarily either due to the shear deformation
or the bending deformation, respectively. This has an useful practicality.
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Nonlinear Concrete Building Split in Wall Panels

Nuclear building model split in nonlinear
panels with different nonlinear properties.
Many ACS SASSI User-Interface commands
are available: WALLFLR, SPLITWALL,
SEGWALLS, MERGEPANEL, EDGE,
UNIPL, MERGEGROUP, EDGEPANEL, etc.

Each panel should be described 2
by its elastic properties, BBC and Vi
hysteretic model for in-plane ’
shear or bending deformation
(Cheng-Mertz for Shear and
Bending, and Takeda)
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Applicable to Low-Rise Shearwall Structures

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 stiffnesses suffer the same level of degradation. Poisson ratio is
considered to 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 by
many other research studies, including the EPRI report on “Methodology for
Developing Seismic Fragilities” (Reed and Kennedy, 1994).
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| Computation of Shear and Bending Deformation

Shear Strain Bending Strain

Remark: Rigid body motion is removed
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Force

Force

ACS SASSI Option NON Shearwall Hysteretic Models:
Cheng-Mertz (CMS and CMB) and Takeda (TAK)
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Chen-Mertz Hysteretic Model for Low-Rise Shearwalls

Load
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* Nonlinear XYZ Response at Each SSI Iteration

In the current Option NON there is no hysteretic model included for handling
axial deformation in wall panels under vertical uniform forces. It should be
noted that new ASCE 4-16 recommends to reduce only the shear and
bending wall stiffnesses due to the concrete cracking, while the axial stiffness
remains unchanged. The structure behaves nonlinearly under the horizontal
Input components and linearly elastic under the vertical seismic component.

The horizontal and vertical displacements computed at the corners of each
wall panel shall include for each SSI iteration, the combined effects of the
three seismic input components. This is achieved by using the
COMB_XYZ_THD auxiliary program that is automatically included in the
batch run file generated by the NONLINBAT, 1. The COMB_XYZ_THD.inp
text file that is the input of the COMB_XYZ_THD auxiliary should be defined
by the user (see example file for the COMB_XYZ_THD auxiliary program
included on the installation DVD).
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Building BBC for Shear Deformation

The wall panel BBC curves should have a smooth shape and variation that
describes the nonlinear behavior of the wall panels under the lateral
seismic loading.

The BBC could be built based on the existing pertinent technical
recommendations, or computed using static nonlinear push-over FE
analysis. For estimating the low-rise shearwall panel capacities there are a
significant number of sources in the literature that provide empirical
equations for computing the wall panel shear capacities (Gulec and
Whittaker, 2009, Wood, 1990, ACI 349-08, Barda et al., 1977).

Using the SHEAR command the user can check the computed shear
capacity values based on different shear capacity equations. After selecting
the shear capacity equation model, using the BBCGEN command smooth
BBC curves can be automatically generated for many wall panels.
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Experiment-Based Shear Capacities for Squats

Walls have no openings.

Useful References for Peak Capacity Equations:

Barda et al., 1977 in the 1994 EPRI Reports — could overly estimate
ASCE 43-05, 2005 Egs. 4-3/4 based on Barda, ASCE 43-19 took out it
ACl 349-06, 2006, Section 11.10, 21.4, based on Barda

Wood, 1990 — small bias, typically less 10% lower, for median capacity
Gulec and Whittaker, 2009, Egs. 6.9-6.10, small bias for median capacity

NOTE: ATC 72-1 Option 3, 2010 for reduce yielding and peak capacities to
account cyclic degradation effects for many cycles.
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Shear Capacities for Squat Wall Panels

The wall panel BBC curves should have a smooth shape and variation that
describes the nonlinear behavior of the wall panels under the lateral seismic
loading. For estimating the low-rise shearwall panel capacities there are a
significant number of sources in the literature that provide empirical
equations for computing the wall panel shear capacities.

The SHEAR and BBCGEN commands include four capacity equations:

1-ACI 318-08
2 - Wood 1990
3 - Barda 1977
4 - Gulec-Whittaker 2009

Please see details in Gulec and Whittaker, 2009, Wood, 1990, ACI 349-08,
Barda et al., 1977.
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SHEAR Command
SHEAR, <panel>,[fc], [fy],[P],[Nul,[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 318-08, Wood, 1990, Barda et
al., 1977 and Gulec-Whitakker, 2009 (please see Gulec and Whittaker,
2009 for details).

The lower bound value for Wood, 1990, and the upper bound value for
Wood, 1990 and ACI 318-08 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. For a single panel command, a
title with names of equation is provided.

2018 Copyright of Ghiocel Predictive Technologies, Inc., USNRC Presentation, Session 3, Nov 15, 2018



9
*SHEAR Command for Computing Wall Shear Capacities

Barda et al., 1977:

The Barda equation (equation 2-7 or 4-7 in Gulec and Whittaker, 2009) is
applicable to squat walls with heavily reinforced flanges (barbells). For typical
shearwalls in nuclear facilities Barda equation could provide overly estimated
shear strength values. Axial force effect IS included.

N A (L

Wood, 1990:

The Wood equation appears (equation 2-8 in Gulec and Whittaker, 2009)
close to be quite close to the median estimates for ultimate shear strength
for various squat wall tests. Axial force is not included.

. A, f .
6f A, <V ="V o <10Jf.A,,
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oACI 318-08, 2008:
The ACI 318-08 Chapter 11 equation appears (equation 4-1 in Gulec and
Whittaker, 2009) could provide overly estimated ultimate shear strengths.
Axial force is not included.

V = (ac\E+pry)AW <10,/f. A,

Gulec-Whittaker, 2009:

The Gulec-Whittaker equation appears (equation 6-9 in Gulec and Whittaker,
2009) to be also close close to the median estimates for the ultimate shear
strength for various squat wall tests.

This Gulec-Whittaker equation is sensitive to the panel height/length aspect
ratio. If this equation is applied to long panels the ultimate shear force goes
up much closer to Barda, 1977 or ACI 318-08 shear force results, and even
higher. Axial force is included.

V = (1.5\EAW +0.25F,,, +0.20F,, +O.4ONU)/\/hW n,
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Shearwall Panel 17 Hysteretic Behavior
Barda (1977) vs. Wood (1990) for 0.60g Input

[ /] e

Barda was taken out of the
new ASCE 43-19 standard
draft (voted by DANS)
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Automatic Building ot BBCS Using BBCGEN

2 Using the BBCGEN command smooth BBC curves can be automatically
generated for many wall panels in the model/submodel. For each panel the
concrete strength, fc, reinforcement yielding strength, fy, and reinforcement
ratio, rp, should be input. Two options for defining cracking point are included.

BBCGEN,<Panel>,<ShearModel>,[fc],[fy],[rp], ....

A =
T i /—
,
V4

Shear or
Moment ¢ # CRACKED
/ (0.50 Ec, Max. Damping = 7%)

' 4

Option 1 for Cracking Point

UNCRACKED
/ (1.0 Ec, Damping = 4%)

3E/Gc (shear strain)
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Including Wall Openings semi Automatically

Solid Wall - 1 Panel Wall with Two Openings — 3 Panels

® ® [ )

1 1
3 ;
. ° °
Wall with Two Openings — 5 Panels _
No opening
® Shear Stress/Force  (global wall failure)

<«

With opening
(local wall failure)

1
S
®

Ul Commands: EDGE, 1,0,0,1, and then EDGE,2
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Shear Force

Nonlinear SSI Effects Due Openings in Walls

newranei 7 WQQA1990 Equation

AB ShearWall (Rock, Random - 0.65g)

AB ShearWall (Rock, Random - 0.25g) Panel 42 of S mulation 25
anel 42 of Simulation

Panel 42 of Simulation 58
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1000 ---------- R LEE _ A ---er 1000 — ------
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iy ‘ With Opening -4000 “i'" R by - '"Ji """ i“" With Opening M
ul el & | T I I i B T T T T
4 -2 0 2 4 B 25 2 15 A 0.5 0 0.5 1 1.5 2 25
Shear Strain . 10-4 Shear Strain % 10-3
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DBE Level: Concrete Cracking Pattern for
Site-Specific Applications Per ASCE 4-16 C3.3.2

Sh;ar or / Maximum Damping-RL2
Moment CRACKED ||
(0.50 Ec, Max. Damping = 7%)
ASCE 4-16 Standard
(2 Step Analysis)
UMNCRACKED Step 1: Uncracked SSI Model

Step 2: Partially Cracked SSI Model

(1.0 Ec, Damping = 4%)

-

|
3\/5;'&: (shear strain)
7.5‘/@&: (hormal strain)
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. Selected Building Locations for Comparisons
of Seismic SS| Responses
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Effects of 7% Damping Cut-Off For DBE Level
0.30g Input on Effective Panel Stiffness

'-r—f B Damping CutOff at 79
Stl ness MW Damping No CutOff

m Damping CutOff at 7% Damping
o1z —

B Damping No CutOff )

o1 m Damping CutOff at 7%
i B Damping Mo CutOff
[
7%

(RN el
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Panel 17 Hysteretic Behavior w/ and w/o
7% Damping Cut-Off for DBE 0.30g Input

= Dgmping CutOff at 7%

m— Dgmping No CutOff

-0.0

0.

06

2018 Copyright of Ghiocel Predictive Technologies, Inc., USNRC Presentation, Session 3, Nov 15, 2018




Computed ARS for DBE 0.30g Input.
UC 4% and CR 7% for No Damping Cut for 0.30g

High-Elevation Basemat

AB ShearWall ARS (Node 143, Wood 1990) at Direction Y AB ShearWall ARS (Node 570, Wood 1990) at Direction Y

I " Elastic | A -
| No Cut|

wm?m w?Wmmmm“ ”Wmm\ CM?%' ?wmmmm
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—No Cut| :
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 ACS SASSI Linear vs. Nonlinear S3I for Soil Site.
0 Structural Displacements

Foundation motion is sensitive to nonlinear
structure behavior! SSl iterations required!

Fraps: 1244 Fraps: 124

ACS SASSIL

L_ Linear Elastic e Equivalent Linear

ACS SASSI Linear SSI ACS SASSI Nonlinear SSI 3
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Nonlinear Springs Used for Modeling Base-

Isolators or Checking Building Sliding

Base-Isolators
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7. Option PRO

Probabilistic SRA and SSIA
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ASCE 4-16 Probabilistic Site Response Analysis
(PSRA) and Probabilistic SSI Analysis (PSSIA)

Based on the new ASCE 04-2016 recommendations:

- Probabilistic SSI analyses should be performed using at least
30 LHS randomized simulations

- For the design-level applications, probabilistic SSI responses
should defined for the 80% non-exceedance probability (NEP).

- Probabilistic modeling should minimally include:

- SEISMIC INPUT: GMRS/UHRS amplitude assumed to
randomly varying (Methods 1 and 2).

- SOIL PROFILE: Vs and D soil profiles

- STRUCTURE: Effective stiffness and damping, as functions
of stress/strain level in different parts of structure.
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ASCE 4-16 Probabilistic SSI Simulation Concept

Stiffness ACS SASSI with
Options PRO and NON
>

A

>
2D Soil
Profiles
Spatial
correlation
114
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Probabilistic Seismic Input Models

ASCE 04-2015 Method 1

GRS

Samples

No variation
of spectral shape

Mean
> Frequency
GRS ""“‘- Samples

Include variation
of spectral shape

Mean

> Frequency
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‘ Probabilistic Seismic GRS Input Models

Probabiletic Honzons GRS Sivuation
roudng for 15% , %0% anc 84%

Nonsesatce Prodablity

1.4 v ———r

Method 1 Method 2

b
<o
Y

(=]
<

Acceleraton 1g)

Accelerahion (Q)

10’ 10’

Frequency (Hz) Froquescy (Hz)

Probabilistic GRS and Its Simulated GRS Samples using
ASCE 4 Methods 1 (left) and Method 2 (right)
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Vs and D Soil Profile Probabilistic Models
Using Multiple Segments Split

Soll Layers

ARV AV A VAV |

ARV A AV |

AV AVAVEVENE Y AV

ARV AVEY SV YAV |

ARV AV VAV |

PRV

PR

PR

PR

(S ST T T T U U U U W W W SR SR R

Segments

Different statistical
properties for

different soil profile
segments in depth
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Vs and D Soil Profile Probabilistic Models.
Two Variation Scale Models Based on Field Data

AN/ '\

~~—
<.

Short
wavelength

—component

Long
wavelength
component

Short and large
correlation lengths

Model 1 (Simple) Model 2 (Composite)
Popescu, 1996)
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Correlation Length Effects on Soil Profile Shapes
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Two Soll Profile Random Samples Simulate Using Method 1 for Two Correlation
Lengths; 2ft Correlation Length (left) and 20ft Correlation Length (right)
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Probabilistic Soil Material Curve Models

G/Gmax | G/Gmax-Shear Strain
1
0 > Shear Strain

Damping-Shear Strain

Soil curves show
large correlation

lengths along the
shear strain axis.

> Shear Strain
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Probabilistic Soil Profiles & Material Curves

RN 7
2200F A

- Model 1 A/ f‘;; = Model 12

1600
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Simulated vs. Target Soil Vs Profiles Using Method 1 (left) and Method 2 (right)
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Soil G/Gmax and D Curve Random Vanations (left); Simulated G/Gmax for 4 Solil
Curves (right). The Mean Values of 4 Soil Curves Are Plotted with Green Lines.
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Probabilistic Structural Models; Effective Stiffness and
Damping of Panels Dependent on Strain Levels
- Keff/Kel and Deff variables should defined by user for each element group.

- Effective stiffness ratio Keff/Kelastic and damping ratio, Deff, should be
modeled as statistically dependent random variables. They can be
considered negatively correlated, or Deff defined as a response function of
Keff/Kelastic based on experimental tests.

Longitudinal Shearwall
Node 25719

Transverse Shearwall Deff = f (Keff/Kelastic)

Stiff Damp
001 020
010 017
020 015
©030 013
040 011
050 010
060 00Y
rrrrrrr s 070 008
080 007
090 006
1.00 005

Automatic effective stiffness
and damping values can be
computed using both Option &
PRO and NON capabilities.
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Reinforced Concrete Structural Behavior Consistent
with Wall (Panel) Strains for Each Seismic Input

Structure is split in
wall panels with

Iiiiii .|||l! different materials
gl

S ———S——
- 1 . A7
e / - |teration 1 ,
Sh‘e}ar ,° _ CRACKED - lteration 6 )
/ (0.50 Ec, Max. Damping = 7%) R
gm
V = GAspearY o=
UNCRACKED B
/ (1.0 Ec, Damping = 4%) " -
31[E/Gc (shear strain) = =S A :
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Probabilistic SRA and SSIA Steps

1) PREPARE SSI INPUTS: Using ACS SASSI PRO modules,
generate statistical ensembles for Probabilistic SRA and/or
Probabilistic SSI analysis input simulations (ProEQUAKE,
ProSITE, ProSOIL and ProHOUSE, ProNON, ProMOTION,
ProSTRESS)

2) PERFORM SSI ANALYSIS: Using the ACS SASSI modules,
run in batch the ensembles of the simulated input files to compute
the SSI responses (SITE, SITE, SOIL, HOUSE, ANALYS,
MOTION, RELDISP, NONLINEAR, STRESS).

3) POST-PROCESS SSI RESPONSES: Using the ACS SASSI/
PRO modules, post-process statistically the ensembles of the
simulated SSI responses (ProSRSS, ProRESPONSE)
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8. Show Demos 1,7, 13
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Thank you!
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