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1. Briet@venuewfaf)202L ACS SASSI\NQA V4.3
NewsSSI CapalbHities
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ACS3ASSIINQA V43| Toolboxes

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

O ACS SASSIMain Software

O Option A-AA (Integration with ANSYS)
@ Option PRO (Probabilistic SRA and SSI) Option Option
@ Option NON (Nonlinear Structure) A-AA UPLIET

= Option RV-BIM (Random Vibration SSI (ANSYS)
0 Option UPLIFT (Foundation Uplift)

Nonlinear
Seismic Site Option Linearized Option Option
HAZ Simulation Analysis (PSRA) (SASSI) (PSSI) (Risk)
(SRA
Future On-going
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2021,ACS SASSI. V4.3 Software doslboxes

1) MainsSoftwardénclude advance Jpast processing, nonlinear soil modeling,
motion incoherency, others. Plus, includes seismic motion simulation and sit
capabillities.

2) OptionfAAA. Integration with ANSYS. The ANSYS structure FE models car
used directly for thestep of the overall SSI analysis in ACS SASSI andér in t
step for detailed stress analysis using SSI responses as input BCs (Option £
Opfion/AAR extends Option AA to perform SSI analysis in ANSYS using ANS
model with soil matrix MATRIX50edampent coming from ACS SASSI.

3) Options\NION i Simplel& NON-Advaridedlinear structure, applicable to
concrete structures and{mdation using iterative scheme (AB§;,AG818,
and JEAC 46@D15, AlJ RC).

4) OptionfPROProbabilistic SRA and SSI analyses (ABCE&ections 2 and 5.5,
and RG 1.208 E)
5) OpiionRV-BIM.No input time histories are required.
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New/Accurateranddiighly Efficient Algenthmssfor S.
Analysis FEspeciallyoNonlinearAnalysis

1. Fast and Accurate SSI Analysis Using Flexible Volum@&Rieddedeling
(FVROM and FVROWM). Applicable to Deeply Embedded SMR Structures
MainSoftware and OptionRAA

2. Fast Nonlinear SSI Analysis Via Hybrid Complex-fFnegubBoayain
Approach Combined ®Reduce®rder Modeling for Nonlinear Structures

OptiorNON.

3. Foundation Uplift SSI Analysis Using Hybrid ComplexThmeguency
Domain Approach with RedOcadr Modeling in FDmmain
OptiorUPLIFT.

4. Nonlinear FofeEDShape Based lterative EquiMalezdrization
OptiorNON.



FastiFRVROMNT SSShAnalysis: UsingdReduCedertExecavatethS

Step 1 Wi |dentify Key Frequencies Based on Free-Field Excavated Soil Dynamics

$ Perform the site response analysis by running the SOIL module to identify a reduced
set of key frequencies for the excavated soil dynamics in free-field. Both the frequency-

dependence of the excavated soil impedance matrix and its associated seismic load

— FreeField Problem —

> vectors are considered. The dense SSI frequencies for the SITE module which will be
é used for final SSI analysis are automatically adjusted based on the key frequencies.
Step 2 Condense Soil Matrix for Key Frequencies and Interpolate for All Frequencies
w1 1 The frequency-dependent excavated soil dynamic matrix is condensed for the

running ANALYS option “Condense Impedance” (Mode 7). Then, the reduced

' foundation-soil interface nodes for key frequencies only. This is accomplished by

gﬁ [ excavation dynamic matrix and seismic load vector are interpolated for all dense SSI

Excavated Soil VV’ Condensed frequencies by running the CNDS_INTERP module. Reduced soil matrices can be also
Excavated Soil _exported to ANSYS for performing a SSI harmonic analysis via SASSI methodology.

Step 3 Compute SSI Solution Using Reduced Excavation Matrix for All Frequencies
1 4 The interpolated reduced excavation dynamic matrix and seismic load vectors
7 computed for all SSI frequencies are assembled with the structure model, and the
1SSl solution is obtained for each frequency. This is accomplished by running ANALYS
B option “SSI with Condensation” (Model 8). The final SSI solution running time and the

?V’Condensed _ Seakita soil impedance file sizes are much smaller since the number of interaction nodes is
Excavated Soil minimal. Speed ups of 5-15 times are expected for detailed deeply embedded models.
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FVIROMotoD @ption AAANSY S Eablarmomc SSlrAnalysisibls
Retuced ExcavatediSoiltMateix1as VAT R X560 Bement

— ACSSSASSI —— Excavation:matrix :
‘|\ | Excavated:SoibModd ! congensation '
: Excavated Soil gf Condensed
— FreeField Problem — Excavated Soil
% SSIProblem (Flexible Volume) ~ondensed mattixfiles

—

Create MATRIXS0sub &

filesuusingl ANSYScmacros i Q
| <« "
ANSY:S;:SSldvedel ' 1
Includingistructure! and * Create FILE8 for
condensedexcavated:soil ?’ MATRIX50 ACSSSASSI
Supelement (MATRIX50): Excavated Soil Structure PostProcessing
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Opiion\NION Nontimear | SShAnalysis/pemnt Scand SJapan Sta

ACS SASSI SSI Analysis

Build SSI Model

Analyst creates a
3DFEM for with
element groups for
each wall.

AB_Shearwall.pre
Input File

Step 1

(ul)

Analyst uses
Ul Section-Cut
commands to split
3DFEM model into
wall submodels

@
Seismic [ ®
SSI

@

Gravity i

ss| ? (B)

o

o, Step 3

STRESS Module Runs

STRESS Binary DB

for combined X, Y and

Z Seismic inputs
Step 4 (B) (U))
STRESS Binary DB

for Gravity load
in Z direction

AB_ShearWall
_Walll.pre

AB_ShearWall
_Wall5.pre

i)

/

Compute Shear and Bending BBCs

AB_Submodels_for_BBC.in file
Section_Cut_for BBC Module Run
Automatic Options for Flanges
o and sectio 1) Japan AlJ RC
‘ identi) 2) US ACI 318
Step 5 Section_Data_for_BBC.out file (B)

| User Section Review Adding RC Material Inputs
Step 6  Revised Section_Data_for BBC.infile (EIF)

Step 7 BBC_JEAC_ACI_Fiber2D R Options for BBCs:
| BBC Shear.pre & BBC Bending.p 1) Japan JEAC 4601

Step 8  Create_Flange_Materials F 2) s AC| 318/ASCI
| AB_ShearWall _New.pre file m—

Ul is Used to AFWRITE New Inputs
Step ¢ Generate New .Hou and .Eql InputF;:iIes (Ul)

Option NON Nonlinear SSI Analysis (Batch Run)

Shear and benading eftects are combined at each
Step 10 SSI iteration using COMB_Shear_Bend Module
(B) File8 files for converged SSI solution

Step 11
|

Final SSI Post-Processing (B) (Ul)




Opfion UPEIFT:SSHApproachcBased-on IEAQABD 1

Step 3

Excavation FE Model ANALYS Run (Mode 7) —— ANALYS Run (Mode 8)
«— 8 w1 Step 2 Wi Step 3 ! Step 4 — 8
Step 1 : i
LJ . 2 u
: Condensed
Structure FE Model | |—— FreeField Problem —— SR Excavated Soil ~~  Structure
= SSIProblem (Flexible Volume) Condensed matrix files |
[, =9 \/
‘ UPLIFT_JEAC_4601_2015 Module < y | UPLIFT_3DFEM Module
Step 7  JEAC 4601 Nonlinear Uplift Analysis ,,f;"“ e Compute Base Loads and
Use SSI Base Seismic Demands; <: meknamlil | [iFe= K Foundation Uplift Threshold
i inai k- A Moments and Rotations
Modify bottom rocking impedances - &.(;1,,;, - Step 6 L/ -
ANALYS Run (Mode 8) M y
\ i Step 9 g GLOBAL_IMP Module
; Compute Global Excavated
Soil Impedance Matrix (6x6)
Step 8 4 b u
BodNaERINReIl 000 T b L/
Excavated Soil R
GLOBAL_IMP Module
11
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New Fourier Acceleration-Interpolation for-Higguency RS

ACS SASSI V4.3 includefdhier zenpadding interpolation(FZP1) foracceleration histori
for computing the response spectra in #inedughcy range per new ASER 43
requirements. FZPI can be used for a 0.005 sec time steggleerogRS up to 50 Hz with
an error less than 10%. Linear interpolation error is about 30% at 50Hz.

18
== Linear

16 — Fourier

ROCK SITE

Computed GRS for
Different Interpolations

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Freq [Hz]
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Accel., g

Computing Higkreguency RS-Using EQUAKE
Fourier Zer#?adding Interpolation Example

Rock180, Acceleration before and after interpolation

0.6

0.4

0.2+

(0]

Accel., g

0.2+

0.4

-0.6

Rock180
—— Rock180 new ||

ROCK SITE
|

0.85 5 10

15 20

Time, seconds

Rock180, Acceleration before and after interpolation

06 —— Rock180
—— Rock180 new

Response Spectra

Time, seconds

Rock180, Response Spectra before and after interpolation

10’

Rock180

—— Rock180 new
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SingleWotkstation. lcicenséest SBeerKey ((HL)oNoKey ((SL)
(Cureent; Ndroating Lacense; Single )| Seat)

-

User 2

-

User 1

Windows RDP Windows RDP
| |
!} \ |
User 3 Usel’ 4
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Networik. icensewith) ISBedKey omMoKey ((SL)
(Non-Floating:kicense) Applicable to:Cloud, Systems; Sinc

Running PC Running PC

- -

User 1 User 2

Windows RDP Windows RDP

Running PG Running PC

] -

User 3 User 4
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2. Nonlneat Sersmic SSkbAnalysis:Based
on BestPRractices InSUSdanadadapan
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2. 1/ACS SASSbNonhnéar SSlyAnalysisiBased on £
Hybridfrequenclime/Approachdusing An
Efficient iterativérProecedure



2. 1/ACS SASShiNonlinear /SSlyAnalysisi BasedyonA Hyk
Frequencylime Approachdusing AniEfficientiterative:Procec

The implemente®SI hybridapproachusesan iterativeprocedureEachiteration
iIncludeswocouplednalysistepausingwostructurahodelsasfollows

Stepil: Usesaniteratedh e q u | -Meabseucttirdhgdelbasednequivaledinear
hystereticomponentspr performinga globalseismicSS| analysigfull madel)in
complekreguencio computeeformatioofallcomponentandthen,

Stepi2: Usesnonlineamodelsfor hystereticomponent@educedize models)for
performintpealii te ' manmeacomponer@nalysem timedomairbasednboundary
displacement®mputeth Stepil.

Thelterationareconvergewhenthenonlinearesponsem Step2 donotchangeor
changenlynegligibifroman iteratiortio the nextiterationTypicallyd-8 iterationsre
requirediependingnthenonlinearitgvel2-4 linealSSlruntime)
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Frequency and hime DomaintHysteretic: Systems

(kN) (les)

Frequency\HysteréticiModel TlmeD@malmH;amteﬂodModel

10001

30 el i "&z—‘ S
u:‘” / It/' »,L’-
Z/K/ "200
-250 |
FreguencyDomain Time Domain
Linearized Hysteretic Model Degrading Hysteretic Model

Hybriid /Appreachiwith-Redue@dier\Modeling fortiStructure:

- Fastzand@ccuratenlinear SSI analyses at small time fractions (<< 1%) of time domain nc
- More vobughan nonlinear time integration approaches to numerical noise, damping effec
- Made compliant/with standard and regulaterycregbaseceotsexperimental test data
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Nonlinears StructuresSSiAnalysisysing Al Hybnd drreglieme!
Domain®Approach{lterative .Coupled Glohedl Iterations)

Linearized SSI Analysis Nonlinear Structure Analysis
(Complex Frequency Domain) (Time Domain)

Equivalent-
Original Linear SSI Reduced Order
SSI Model : Structure Model
Nonlinear '
Analysis
lterations
SSI FEA Model

20
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Computing:Equivalehinear DynamictStiffnessdandDampir

ComputingoEquivalent Stiffiresy ( ComputingcEquivalent Damipeg) (

(kN) || (KIPS)
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ApplieditosStructuredNonimear SS1Analysis(tH iteBations)
Elasticvs!iNonlinear 1st lterationvsh@teration

Panel 25 Shear Hysteresis Loop for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration Panel 25 Shear Hysteresis Loop Iteration Compare for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration

| —— ACS SASSI Elastic 5000
——ACS SASSIEQL 0.8

H ——ACS SASSI EQL 0.8 lteration 1
~— ACS SASSI EQL 0.8 Iteration 10
| — Backbone Curve

i
7

"(/1
o —— s
— =

Shear Force [kips]

Shear Force [Kips]

ACSSSASSIOptiolNON

15

T

-3 2 - 0 1 2 3 3 2 X 0
Shear Strain o' 22 Shear Strain 0’
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Applietl to-Embedded/SMRWith Baill Frictiorintérface

Nonlinear Sidesoll intefface

trthrrrreriary ittt Shear Springs PT .

ciripyriapiirrin SEATSPINES friction imodeled using

I 2 . & s s s s s s sy sy e s T -

| - T - - nom““mmrs n S.

T 10 o wfmafmjamunne b ) ) I | . . Ep gg

EEEEEERER kB R EERY S8 Yielding  Nonlinear interface

Piiitii il r i) Point Rigid springs in normal directions |

TEERRRE EXERRER : - :

: : : : : : : : : : : : : : :| and Z, e_md r_10nI|_near springs in

i btrinf tangential directions X, Y and Z.

EEEESERE 1118880 Friction forces vary with depth.

EEEREERE llllllll

l l l I t l l ‘""I.I'l'*“" l l : l I l ' Nonlinear Side-Soil Spring BBC as Function of Depth

. l : l l l t**‘-hld""*l l l t : : l ' Using GM Hysteretic Model (Model 4 for Tangential Springs)

GO D U mbel e labodmb -0 DU U D ED D .

‘B RRE DB R EE Y

BB ZE R R BB OEEEEEEY /
R AR Y —13t00p

I ll:lll:-l--tut-:-t-l--l-:llllull >< B s

BEERER R OO T EEEEY

EEEREREE LN R T )

BREEREREE LU OEEEEEEY n———

BREEREREE LU OEEEEEEY

T 0 0 D D Dopadoapufufuchodud § 0 0 0 0 0 B

BEEEER R OO UEEEEEEE

BEEREREE OO UEEEEEEY

CO RN el e labslmb-0 DU NN |I

I: £ 11118 Sttt ottoget 168888 BBCs are computed based on the

EEER RN RN Y - - : .

G0 80 1 18 fedadefsfododat 1828810 INcreasing static soill pressure on

Tttt ted=detelalog=b-2 0082212 lateral wall down to the layer for

EEER RO O E Y : : .

EEREER :W: SEEREN which the interface shear stress i

BEEREREE RN R R

" EE R R R R R R above 2ksf (API standard).
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Applied to Bastsolators, Walboll Slip, or Checking Sliding

Hysteretic Batsolators

Reduced Foundation Sliding

24
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