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Partd-rPresentatidDontent:

1. Option AA: Integration with ANSYS Modeling

2. Option NON: Nonlinear SSI Analysis for NonlStesarizéll
Structures



1. OpfionfAAA:
Integratiorwith ANSY SlMedeling

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



ACSSSASSANSY-Srintegratiom Capahiitiest (OptionsiA.anc

Two engineering analysis options in ACS SASSI:

) One StepanalysisiNgACS SAS$Sr computing overall SSI responses of
ACS SASSI or ANSYS FE niogabn AA /AR

i) Two StepanalysisingACS SASSI iff dtep and ANSYS fiastep.The 2
step uses SSI response as inpyCpden A).

Option' AR uses ANSYS forrharmonierSStanalysisiby eéxporting the-condensed excay
Impedancematrix;from ACS SASSlaasacfrequency dependent MAeIRAE0tsuper



Option/AAA IMenws Seléctions

(55 ACS-SASSI User Interface

Model File Plot Modules Options View Help

1R IR Location Pl s+ @ XX

‘@ | Q ® | & Extension

‘Command Histor EQUAKE [
SOIL ‘
LIQUEF
SITE
POINT
HOUSE
PINT
FORCE
ANALYS
COMEBIN
MOTION
STRESS
RELDISP
NONLINEAR

ANSYS Eq. Static Load . 1 no
ANSYS D:rnatmic Load Optm mMﬁpeeiIahzed
ANSYS Super Element Utilities l AIITB.WSI s'Menus
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OPTION A:(ACS SABSBISY-Snintértacerfor |SSI
Analysis ldsing ANSYS Madels

ACS SASEINSYS interfacing provides useful analysis capabilities:

Forstructural stress-anal{iBEmo5)
-ANSYS Equivalsitatic Seismic SSI Analysiag Refined FE
Models (including refined mesh, element types including local
nonlinearities, nonlinear materials, contact elements, etc.)
-ANSYS Dynamic Seismic SSI AtnddysgsMore Refined FE
Models (including refined mesh, element types including local
nonlinearities, nonlinear materials, contact elements, etc.)

Forsoil pressure computation (approxXitene) 6):
-ANSYS EquivakStatic Seismic Soll Pressure Computation
Including Sétbundation Separation Effects



Ul IinputdoDOption @qEqam,falémtSt@nno@ptlon

AMSYS Static Load Conwverter

Data to Add From ACS 5455 to the AMALYS model

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

[] Use Multiple File List Inputs
551 Model and Results Input

Path | C\SSISSIResults |

HOUSE Module Input | abshear.hou | <=

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

AMNSYS Model and Data Input

Path | CAANSYS\Results

Mass Data for Internal Lead (Ignore for Displacerment)
Mass Type
® Lumped Mass i) Master Mode Mass [] Generate Mass Data

For Lumnped Mass

Lurnped Mass | <

For Master Mass

Master Mode Mass <

AMNSYS Output File

ADPL File AMSYS_55]_loads.inp P

Ok Cancel

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes 7



Ul lnput\Wikndowis fonOption A DynamicoOption

ANSYS Dynamic Load Converter X

5A55] Model and Results Input

Path |

HOUSE Meodule Input <<
Ground Acceleration File <
Free Field Displacement <<
Contact Node Mapping File <

ANSYS Model and Data Input

Path

Rayleigh Damping Coeff.

Alpha Beta

AMNSYS Output File

ADPL File <

Ol Cancel

8
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Selected Critical Time Steps for Maximum Stresses

ACS SASSI Seismic SSI Analysis _ : :
- To be Used for Equivalent Static Structural Analysis
Computing O Structural Element Stress
Structural O | fl,-“ tk
i | !
Stress/Forces ||| |i.|| ,-“'f || ¥ Same mesh for
| ¥ I\
NI VL . ANSYS and ACS
| | | Loy Time i
O H——Hs - SASSI models is
t1 ) ||| I\ recommended for
-\ | stress analysis.
II tj

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

EQS Forces + BC Springs
O+—— @
o— o— )
> A A : 7
Oe— Q- /fr {,/
N ﬁ:_h_"‘“——-__l_ A Mesh I B l\ l.——lk
| ') Refinement \ —
b ) t—’*- ? T
i) '-'T
“Exact”

Variable Accuracy C-by-C “Eyact”
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Option/X for A Refined iSeismic: Stress Anglsisicb)

ANSY.S StructurallModel

Automatically, Coenverted From
ACSSSASSIUsingPREP. Module

-

— .
—— -

3 o O O O

SpigegnEar

2

IEEEE
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Option/ABased \NonlinearAnalysis fomGomputing
Sail Separanon Effectd{BtepiisinfANSY S)

Base Sliding Force/Overturning Moment History

‘ Use Section-Cuts

To Get Base | tk
SASSI %[St(_ep ® Forces/Moment
SSi AnaIyS|s Histories

[

A | Time
;,-/';} -
t .
EREEEN

ACS SASSI Dynamic SSI| Model

O+—

O— . .
O Soil-separation

simulated using
ANSYS ™ Step contact surfaces
EQ Nonlinear Analysis " @«
(Including Dead Load) —

Soil Layering Static Model
ANSYS Soil-Separation EQS Model Automatically Generated in Option A




Option‘AdoESeismicSolkPressurel Anal\BEesnab)

1 ANSYS

ELEMENTS S,
JUN 16 2010
15:09:53

ANSY.S SoilFEModel
|s /Automatically- Generated
by SOILMESH Moedule

Embedment-meshis extended.
Userccontrolsiextension:size and
meshldensityaCan tse EREFINE. »
Contact surfacesautomatically added

by SOILMESH @nd/SOILCONTACTEcommand

Y
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Soll SeparationExample Using-BiepSShApproach

SASSI Soil Pressures ACS SASSI Soil Pressures (Option A)
1200000 Tnpigttion %~ SN S~ A
12ksf
() T ——
ACS SASSPIStep
EQL SSI Analysis 600000

T SRS N AT

————— Yal

o] ] ‘
With Separation™ :

2 ‘

5t Welded e ,L
-

b 0 10 150 " %0 a0
(GhiocehndSaremiSMIRT24 Paper 468, 2017);;
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ME&E Im m D E L Dz placement and Acceleralion Option Flm mm %M\misﬂ l m)

=YY Component at t = 4.105 seconcs

40
K
20 A 3 ([
[ i~
20 L B [= [= - H
T O R " B fagit
10} e s ™ " ': ." s o,
m e [ # 3 " I +- e h n— I|| [
3 of gl #helwlel el ol gt Shasbedlel ol Tombebla o 131 o PR [,
= ot i I T gl gy ) | g ol I R Gl
2 PR s Bl Sl 1l
Aok - ¥ : Ok (L0
BRI s i "L',"'
.Eﬂ.: * A i h Al
[ [ | |
B0 R — ACE SAES! Dynamic h h 3|
— ANSYS Equivalent Static L
_qD T I T | I I | I I | I
0 20 40 Gl B0 100 120 140 160 160 200 #20
Element ID

Figure 193: Case b) SYY Element Center Stresses for “Displacement and Acceleration™ Option

Diis placerment and Acteleration O ption
S47 Component &t T = 4106 s8c0ncs
00—
& v

iy
o

Siress

& £: ACE ARSI Dynamic
& | | | & | | | | — ANSYS Eguivalent Stalic |
100 T T T
0 20 40 &0 A 100 120 140 160 1B0 200 #20
Element ID

Figure 194: Case b): SZZ Element Center Stresses for “Displacement and Acceleration™ Option
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SURFACE ISSIMODEL

Acceleralion Qption
SXM Component &t t = 2.5670 2econcs

Rigid BBase(iv/Disgl BO)

150 -
— AGS SASSI Dynamic
100 i . o —< ANSY3 Equivalent Static
it n e {3}
. .
i [ ]
] . el || 4 el ' ]
ﬁ ' F'*‘Ii - F;::l;_:_'. ! .h..i\'ﬁli rhl r...:'= --.'l‘.:r_.l::‘-'a.lf:”":E.:i;'-.r;i;:_ .P::'.l-__:'il!._ :F:;'E'_
[
¥ [ ]
s B M B
-100 - 1,
P‘
150 | | | | | | | | | | |
0 20 40 &l 80 100 120 140 160 160 00 20
Element I
Figure 197: Case c): SXX Element Center Stresses for “Acceleration™ Option
Agceleration Option
SYY Gomponent at t = 2.6570 Seconcs
150
—t ACS 5425 Dynamic
100 —1 ANSYS Equivalent Static .-l'ii-
I3
- o [ Hos "' "'
50 . Pl | |
¥ 3 T ¥ n FE‘! I"'ilrll- I
i e T T i
£ o et | %) i Gl 't_.I 73l |“ii"ii""if':.:
E"_j = [ '!_ I L o gL "‘h l o :
[ [
-50 [ T
& .
-100
_150 | | | | | | | |
0 20 40 &l 80 100 120 140 160 160 00 20
Element I

Figure 198: Case c): SYY Element Center Stresses for “Acceleration™ Option
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Ul IinputdoDOption @qEqmla,falémtSl@pno@ptlon

AMSYS Static Load Conwverter

Data to Add From ACS 5455 to the AMALYS model

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

[] Use Multiple File List Inputs
551 Model and Results Input

Path | CASSISSIResults |

HOUSE Module Input | abshear.hou i | <=

Displacement Results | thdlist.tet i | < << []Rotational Disp.
Trans, Acceleration Results | acclist.but i | < << | []Rotaticnal Accel.
AMNSYS Model and Data Input I

Path | c:mmsvsmem[[s

Mass Data for Internal Lead (Ignore for Disglacerment)
Mass Type
® Lumped Mass i) Master Mode Mlass sgremiE zmmlng

For Lumnped Mass

Lurnped Mass

aster Mass

/ Master Mode Mass <

AMNSYS Output File

ADPL File AMNSYS_55]_load 5.*1 P <

Ok Cancel
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SOIIMMESH ) xModel>,gSealeSX><ScaleoY>, <Hori>,
<Vert>mX>, <mY>,<Thick><Contact= (KREP>

The SOILMESH command creates a soil FE mesh for the

active model and stores the model data in the user specified Model.
<ModelUser specified integer model number.

<Scale X>Percentage of growth in the X direction of each level, i.e. 0.07
<Scale Y>Percentage of growth in the Y direction of each level, i.e. 0.07
<Hori> Number of horizontal levels to build away from the embedment.
<Vert> Number of vertical levels to build away from the embedment.
<m>e - Centroid correction in the X direction

<mY> - Centroid correction in the Y direction

<Thick>Thickness of each new level.

<Contact>If equal O for no contact surfaces, 1 for contact surfaces
<RCnun» - Defines the constant set number to be used in ANSYS for the
contact surface Real Constants

WARNINGt does not workronverticavalls.
17
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Example of ADRLfile fori SaillkE Model

.| box_scilinp - Notepad

File Edit Format View Help

|/PREP7

! Element Type
ET,101,CONTALT3
ET,102,TARGEL7O
ET,103,50LID45
! Nodes
N,145,3,3,3
N,146,3,6,3
N,147,3,12,3
N,148,3,22,3
N,149,3,32,3
N,150,3,43,3
N,151,3,53,3
N,152,3,632,3
N,153,3,72,3
N,154,3,80,3
N,155,3,83,3
MN,15%8,6,3,3
M,15%9,6,6,3
N,160,6,13,3
N,161,6,22,3
N,162,6,32,3
N,163,6,43,3
N,164,6,53,3
N,165,6,632,3
N,166,6,72,3
N,167,6,80,3
N,168,6,82,3
N,171,13,3,3
N,172,13,6,3
N,173,13,13,3
N,174,13,23,3
N,175,13,33,3
N,176,12,43,3
N,177,13,53,3
MN,178,13,63,3
N,179,13,73,3
N,180,132,80,3
N,181,13,83,3
N,184,23,3,3
N,185,23,6,3
MN,186,23,13,3
N,187,23,23,3
N,188,23,33,3
N,180,23,43,3
N,190,23,53,3
N,191,23,63,3
N,192,23,73,3
N,193,23,80,3

- 2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Tf:haing Notes
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Ul I inputWindeowis fonQOption A RynamicoOption

AMNSYS Dynamic Lead Converter

5A55] Model and Results Input

Path

HOUSE Meodule Input

Ground Acceleration File

~ Computetabsolute displacements
- (relative SSlplus:fieéd motion).

Free Field Displacement

Cnntaﬁ%h’lapping File
/!

/
/

2021 Copyright of Ghiocel Predictiye

ANSYS M

el and Data Input

Include contact surface forrANSYS.

< ‘

UsefuldorANS Y Sidynamicanalysisoption for

ayleigh Damping Coeff.

24 stepsstructure stress nenlinearanalysis

(ASCE46 Chapters 8, 11, 12)

Alpha Beta
ANSYS Output File SOILCONTACT Command
ADPL File || <=
Ok Cancel
19
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OPTION AA.CACS SABSISY-Snintértacerfor |SSI
Analysisldsing ANSYS Madelsmo’Y)

OPTION AA uses directly ANSYS structural model for SSI analysis
Sequence’ ofcSteps:

1) DevelopNSY-StructurdfEAModel with no modeling restrictions
(any FE type, CP, CE, rigid links)

2) If embedded, develop alsalEY:S eavatedsdiEAModel

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

4) Using ACS SASSI Ul read ANSY S calbésl structure and
excavation to convert the ANSYS model geometry configuration to
ACS SASSI for ppsbcessing

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

6) Run SSI analysis using HOUSEFSA and ANAI YSESA

Demo 7
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StepsfifoRRunningsSSianalysis'using’ANSY S Model

. APDL to
in

generate KM, C FILEA4
ANSYS Matrices COOSK
Stiffiness COOSM
= i out ,
S R Matrix [K] DOFSMAP
=
23 e [ e watr Step:37RUAOUSERSA
i | - runcof:SShmedel
i:' Y . -
- mi?:ﬂ“[ﬁ

Step'1ANSY:$s usedqtolbuild

FEA Modelsrfor Stoucture and
ExcavatedcSoilcanddpreduces

K, Maand ©amatrices usingrANSY S
macro:andsSSI2ZANSYS: code

L= out

L

Step’2ACSSSASSIddserdnterface
combineSiStructure and:Excavated
Soil-aftercconverting thieir ANSNS .
to ACS SAS Sl prerformate Generate
HOUSE input:fileal)

/

=

aticn 1D MNocde
[C mMappIng

21
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Using/ANSY Siwithigem kmae: mac|APLRLoMacro

FORSSTRUCFRURESANSYS:=Model:

At the ANSYS command line input
gen_kmc,".',0,"

APDL Macro produces the following files:
coosk r, cooski r, coosm_r, coosmi_r, cCOOSC I, cooscl r, and
Node2Equ_Stru.map

FOREEXCAVATIONANSNYS:=Model:

At the ANSYS command line input

gen_kmc,".'1,"

APDL Macro produces the following files:

cooek _r, cooeki_r, cooem_r, cooemi_r, cooec_r, cooeci_I, and
Node2Equ_Excv.map .



Using/ANSY Siwitheigem kme: mac ARDRLoMacro

COOEC_T
CODEC_T
cooek_r
cooekl_r
COQEMm_T
COOEmI_r
COOSC_T
COOSCI_I
coosk_r
cooski_r
COOSM_T

COOSmI_r

172572014 1:27 PM
172572014 1:27 PM
1/25/2014 1:27 PM
172572014 1:27 PM

- e SN @ A SNTT O PRE A

File
File
File
File

ANS¥S IMidie] K2 @ andav:Matsix Piles (ARDL macro)

y

ModelEqu_Excv

.map

Mode2Equ_Stru.map

EE R FEFE

sldboxd5_excv.cdb
|| sldboxd5_struct.cdb

|
|

172572014 11:06 AM
1/25/2014 11:06 AM
1/25/2014 11:06 AM
172572014 11:06 AM
1/25/2014 11:06 AM
1/25/2014 11:06 AM

File
File
File
File
File
File

ANS'ES/MedekMapping Files_(ARDL. macro)

[ S e B e R T

T A Al MK A

b Chil-

ANSES/MedetibFiles (ANSY S)
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User| interfaceérProcedure\torMerge'ANSY S
Structuresand ExcavationModelstion@ption AA

It is assumed that the ground surface is at Z=0. and the FV method will be us:t

*Convert ANS¥B8ucture.cdb 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
Groundele®

Intgenl



ANSY:S FE/TypésiCompatible witlho@ption AA

/SOLID element types: SOLID45 and SOLID185;

/SHELL element types: SHELL63 and SHELL181;

BEAM element types: BEAM44 and BEAM188;

ARIPE element types: PIPE288;

ACOMBIN element types: COMBIN14;

ACouple nodes (CP command) and Constraint equations (CE command)
Multipoint constraint element types: MPC184 Rigid Link and Rigid Beam
AFluid element types: FLUID8O0 (legacy element

AMATRIX50 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! e
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Fluid-Surtace Accelerationat Centet (Input 0.39)

f\/\/\/kﬂﬂ
vwwv\/wv\/\ﬁ

Wa\I IT?EransmerSecAece lerationnatr Center {In put O .30)

Acceleration (g)

| LA ol b e
| kY e

on g

Accelerati
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Pool\Water\Wave:DisplacementResponse

27



OPTION AACACS SABBISY-Snintertacerfor!SSI
Analysis dsing ANSYS Mod&lsmo'Y)

OPTION AA uses directly ANSYS structural model for SSI analysis
Sequence’ ofcSteps:

1) DevelopNSY-StructurdfEAModel with no modeling restrictions
(any FE type, CP, CE, rigid links)

2) If embedded, develop alsalEY:S eavatedsdiEAModel

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

4) Using ACS SASSI Ul read ANSY S calbésl structure and
excavation to convert the ANSYS model geometry configuration to
ACS SASSI for ppsbcessing

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

6) Run SSI analysis using HOUSEFSA and ANAI YSESA

Demo 7
28
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StepsfifoRRunningsSSianalysis'using’ANSY S Model

. APDL to
in

generate K,M,C FILEA4
ANSYS Matrices COOSK
Stiffiness COOSM
= i out ,
S v | Matrix [K] DOFSMAP
S _
58] o e e | Hioss Mate Stepi3rRUAOUSERSA
i | - runcof:SShmedel
i:' — . -
- mi?:ﬂ“[ﬁ

Step!1ANSY.3s usedctoubuild

Step’2ACSSSASSIddserdnterface

FEA Modelsfor Stnucture and combineSiStructure and: Excavated
ExcavatedcSoilcanddpreduces Soil-aftercconverting thieir ANSNS .
K, Maand CamatricesusigrANSYS to/ACS SASSteprerformat: Generate
macro:and=SSI2ZANSYS: code HOUSE input fileal)

Lo out | SRR e i

29
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Using/ANSY Siwithigem kmae: mac|APLRLoMacro

FORSSTRUCFRUREANSYS:Model:
At the ANSYS command line input

gen_kmc,".",0,".

APDL Macro produces the following files:
coosk r, cooski r, coosm_r, coosmi_r, cCOOSC I, cooscl r, and
Node2Equ_Stru.map

FOREEXCAVATIONANSY S=Model.
At the ANSYS command line input

gen_kmc,".'1,"
APDL Macro produces the following files:
cooek _r, cooeki_r, cooem_r, cooemi_r, cooec_r, cooeci_I, and

Node2Equ_Excv.map .

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights ReseDaydAES SASSI Introductory Training Notes



User| interfaceérProcedure\torMerge'ANSY S
Structuresand ExcavationModelstion@ption AA

It is assumed that the ground surface is at Z=0. and the FV method will be us:t

*Convert ANS¥B8ucture.cdb 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
Groundele®

Intgenl
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ANSY:S FE/ypées Compatible witho@ption AA

/SOLID element types: SOLID45 and SOLID185;

ASHELL element types: SHELL63 and SHELL181;

BEAM element types: BEAM44 and BEAM188;

ARIPE element types: PIPE288;

ACOMBIN element types: COMBIN14;

ACouple nodes (CP command) and Constraint equations (CE command)
Multipoint constraint element types: MPC184 Rigid Link and Rigid Beam
AFluid element types: FLUID80 (legacy element

FLUID30 can be included using the new OR#INAZE or AR

using a condensed excavated soll stiffnesdlaatalé&S|

methodology for H8HEl analysis)

AMATRIX50 Super Element
- Included in Option AA using ANSYS model
- Converted to General Matrix Element for the ACS SASSI Model

REMARK: Not all AN&¥yopter all input parameter values woek!
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Using/ANSY 8 MATRIX50 tocBuild: Stiper Elements

(seeRemo’Lhand VRNS2)
Fulll Maodel
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" ANISXS Supéiidelemenit (SE)\Gonvertedts ACS SASSI
Using GGenerdl Natite BElemeints ( GM)

; X
Main\Maodel x|

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 &
=

General Element Qutput Folder D:\demo_xx\sassi_work

: upe Element General Element Output File (.pre) | ge_from_se

ok | Cancel

Remove

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



ANSNS Superdalement ( S&E) WSmg Optiaiy AA By
Addimg\MainiMoedehand SEIModeliddatrices

Super Element Utility ﬂ

Mﬁlﬂ\M@ﬂel 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
Main Structure Matrix Folder d:\demo_xx\ansys_work
Number of Super Elements 1

semeral Matrizx [T Stant

Elerment Grotp It Start
~Input SE Files Names (.sub) One by One: ———

Add

sidbox_gen -« T

Smnmqﬂbment Gereral Element Gutput Folder

Zeneral Element GutpuUt Fie (pre)

Ok | Cancel
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Opiion/AAREDUCEor/AR

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights ReseDadAR®S SASSI Introductory Training Notes

36



Opfion/AAR Capability) Bescription

TheOptioPAAR largelyextendshe OptiorAAcapabilitgf usingdirectly
ANSY Structuré-E modeldor seismiSSlanalysis TheOptioPAAR
ANSY 3nodelsareapplicablenlytotheANSY FHarmoni§Slanalysism
complekrequency

TomakeOptiorAAR morepracticah reducedizesoilimpedancmatrix
and a reducedize seismicload vector are used, based on the
condensatioaf the excavatedoil impedancéull matrixdonein the
ANALY $oduleTheras nolossof accuracyn SSlsolutiobyusinghe
reducedoilmatrixandreducedbadvectar

Furtherthe frequencglependentondense@xcavatedoil matrixand
loadvectomproducetty ANALY Sanbeexportedo ANSY &sa super

elemen{MATRIZD element)hatis attachedo the ANSY Structuré-E
model
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Opflon/AAR Flowchartoior /ANS ¥.S| SS1 Analysis

ACSSSASSI ANALY:S GondensationiRun

w 1 ExcavatedcSoibModel 1

s =B = Jid
Excavated Soil gf Condensed
— FreeField Problem —— Excavated Soil
SSIProblem (Flexible Volume) —
Condensedmatrix:files

Create MATRIXS0.8ub fil o

using*ANSYS:macros i e 9
| L

ANSY:S/Maodel j 1
Including.condensed-execavate +
MATRIX50

soilmatrixsas;Suwidement
(MATRIX50)

| Excavated Soil Structure

38
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Excavated SoilnimpedanceGondensation

For embedded models, the ANALYS module includes a new option to condense the
soll impedance matrix. This static condensation is performed for the excavated soill ¢
stiffness matitXd ) at each SSI frequency. Then, the SSI response is obtained using
reduced SSI system at each SSI frequency.

Currently the condensed matrix is transferred to ANSYS as@efpeqdencguper
element (MATRIX50) via Optiéh AA

The condensed equations of SSI system motion include only tksoioumteidtioa
nodes, or more generally, the excavated satromide model interface

(61 &)y [6 1Y} {O
6 1{'v} [6 I{'Y} {mg



ANSY:S SSlaHarmonic:AnalysisVia OpticR. AA
ACSSSASSICondensed! SollrMatrixd2assetbtacANSY S

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

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

START

Build the structure model and
excavation volume model
in ANSYS

v

ANSY:S0r/ACS SASSI
prepare excavation
FE modebfor ACS-SAS
condensationrun

1o Y

Create the structure model and
S| excavation model interface
node to node mapping file

Perform SSI analysis by ACS SASSI
with the condensation functionin
ANALYS to generate condensed soil
matrices and load vectiors files
for all frequencies

l

v

Output excavation volume
model as ANSYS .cdb file

Copy all the necessary files from
ACS SASSI working folder to ANSYS
working folder

y

l

Use excavation volume
model ANSYS .cdb file to
build ACS SASSIFVY modd

Run customerized ANSYS macro
with the external program help:
1. convert condensation to SE
2. perform harmonic analysis

END

ACSSSASSkexcavation
impedance
condensationrun

ANSY-S SSEharmonic
analysis runiusing
prepared macros
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ACSSSASSIMANALY .S/ Run @ption forvExcavation

Soll ImpedancedCondensation

AStep 1Build the excavated soil model in ACS SASSI or ANSYS. This
model should be mesh compatible with the ANSYS structure model to
be used via OptionRA

AStep 2 Prepare the SSI analysis inputs for ONLY excavated soil model

AStep 3 Generate the nodes mapping file, INT_NODES IF, between the
Interface nodes of excavation and structure models; see CONDMAP

AStep 4Run ACS SASSI SSI Modules as follows.

SITE Modufe POINT Moduleé HOUSE Modue ANALY'S with

ARCondense | mpedanceo Option (Mode-=
After ANALYS completes the condensation matrices and load vectors are
generated in the work folsliet, EXCVxaadIMP_EXCV_x¥dus a
equation mapping file DOFSMAP_IMP_EXCYV ,

AStep 5 Copy the condensation files to the ANSYS work folder for
performing ANSYS SSI harmonic analysis later. Next ANSYS will need to
be run using the prepared macros instdldg8Yinstallation folder



ANSY-S SSlaHarmonicaAnalysis WsSing €oendensed
soll IiImpedancenandiSeismicdoadd/ectors

AStep 1 Make sure your structure model in ANSYS is met the requirements
for SSI analysis, pay special attention to define the correct material
damping for the model (differences in ANSYS V17 and V19);

AStep 2 Prepare a text file to define the harmonic frequencies for SSI, which
would be same frequencies in ACS SASSI analysis;

AStep3 Run ANSYS, doedns ssr wihteh nraicg ot fip @
This macro will call other macros to perform the SSI harmonic analysis
using the given frequency data, condensation matrices, and load vectors.
The macro does automatically the tasks:.

1>Add the supetement (MATRIX50) to ANSYS structure model,;
2>Generate supelement file .SUB using the first frequency
condensati preapsmexeranxd ursocheg mappi ng
3>Do full SSI harmonic analysis for first frequency;
4>Loop over the other frequency doing harmonic analysis;
AStep 4Postprocessing SSI analysis results (generating FILES)



Opiflon/AAR Files f0r ANSYS SShAnalysis

The Option AAfiles required for the ANSYS Runs are:

B prep_se.exe

B SSI2ANSYS.exe

| do_cdns_ssi.mac

. | do_condense hrm.mac

| fread_data.mac

—J

| gen_condense_se.mac

| .| use_condense_se.mac

Application
Application
MAC File
MAC File
MAC File
MAC File
MAC File

To run thANSY.S SSEharmonie \analyg@user needs ONLY to input
In the ANSYS command line the namdmfdties ssmacro:

do_cdnsssi,'structure modelnamgssi fregs, ‘txt’

where thesi_freqgs.txfile includes the SSI analysis frequencies
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ANSY:3lo_cdns ssaMlacro

! do cdns ss1
R R R e e L L e L R L R e S L e e L L i o L L e L R R e S Y e e Y L L i e Lt o e L e e S S L U S Y L S S LY L C R U SR U U S U U S S R U

[ o T ]

ARGT3 = RARG3
do_ccndense_hrm,job_name,'SE_DOF',hRGTQ,hRGTB,

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights ReseDadAES SASSI Introductory Training Notes

1+ do cdns ssi Start *
.E !:lr:lr:l—:lr:Ir:lr:lr:lr:lr:lr:lr:lr:lr:l—:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:l—:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:l—:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr:lr************************
5 Rttt ittt ittt T2ttt sttt it Tz s st pt
& ! do cdns ssi call to few MRCROs to perform 38I analysis in BNSYS using
7 ! harmonic analysis.
g ! First, it calls MACRC of "gen condense se" to gensrate supsr slement file
9 ! for for first frequency.
10 ! Then, i1t calls MACRC of "use condense se" to create SE data for firsat
11 ! Last, it calls MACRO of "do condense hrm" to do harmonic analysis fregquency
12 ! by frequency in the order that is set in the frequency data file.
_'3 i S,
14 ! Pre—condition:
- |
_|: | b e e e e e e —— — ——_—_—_—_—_—_——E—_—_—E—_E—E—E———E————E—————————E———E——_E—_E——E—E—E—E——E———————
17 ! Call the Macro with the right arguments
- |
19 ! du_cdns_ssi,argl,argQ,argB,
20 !
21 ! LEGl [chr,sc,1n] = BNSYS structure data base file name (.db), 1.=.
22 ! 'rb_test_stru’
23 ! LEGZ [chr,sc,in] = The file name of the frequency for S8I analysis, 1.e.
24 | 'rb_test ssi freqg'
25 ! LRG3 [chr,sc,in] = file extension name of the frequency for S5I analysis, i.e.
26 ! Ttxt"
27 !
28 ! EXAMPLE: do cdns ssi, 'rb test stru', "rb _test ssi freg', "t=xt",
29 !
30 ! Result will be save in ARGE & ARGT components
31 D ffffffffifdffsdffeSff4fi44tis4SEsESd44Si4E4Ei44Ef6EESEESE44SF5SEEEESEE4FEEEEE
39 !
33 gen_cmndense_se,ARGl,'se_dof','jub_name'
34 use condense se, job name,
35 ARGTZ = ARGZ
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Option AAR Sensitivity Studies for Embedded RB

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

- Excavated soll includes 20 Embedment Layers (1.2m thickness), 15309 nodes
- Uniform soil with Vs = 720m/s
- Excavation has a regular mesh

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights ReseDadA&ES SASSI Introductory Training Notes



