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Part 3: Presentatiddontent:

. Main Software Toolboxes and FE Modeling Basics

. Main Software Modular Configuration

. User Interface (Ul) Input Dialog for Selecting Analysis Options fc

. Description of SSI Response Text Files and Frames (for Animati

. Main Ul Menus for Model Inputs, Performing SSI Analysis and P

. Ul General Commands

. Ul Commands for Generating and Checking FE Models

. Batch Run Mode Commands for SSI Modules and Auxiliary Proc
. PosProcessing Using Ul Plotting Commands and Binary Databs

10. Automatic Pé3bcessing Using Multilevel Ul Command Macros

11. Sectic@uts Capabilities for Shell and Solid Elements

12. Ul Parametric Language Commands for Building SSI FE Mode

13. Brief Review of Demo Contents

14. Verification and Validation
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1. Main Software Toolboxes
and FE Modeling Basics
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ACS3ASSIINQA V4.3 Toolboxes

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

O ACS SASSIMain Software

I I
I I
1 £ Option A-AA (Integration with ANSYS) _ I
1 B Option PRO (Probabilistic SRA and SSI) Option Option |}
B OptionNON (Nonlinear Structure) A-AA UPLIET |
 ® Option RV:BIM (Random Vibration SSI). | (ANSYS) |
O Option UPLIFT (Foundation Uplift) |
I
: Nonlinear
. Seismic Site Option Linearized Option Option
DI:"’A;" P input Response PRO ssl PRO FRAG
I'| Simulation Analysis (PSRA) (SASSI) (PSSI) (Risk)
I (SRA
. -
I :
Future | On-going
I
I
I
I




2021,ACS/SASSI V4iSoftwaré)doolboxe

1) MaimnsSoftwardnclude advance Jpast processing, nonlin
soil modeling, motion incoherency, others. Plus, includes
motion simulation and site response capabilities.

2) OptionfAAA. Integration with ANSYS. The ANSYS struc
models can be used directly fot gheplof the overall SSI

analysis (Option AA;RAand/or in thef &ep for the detailec
stress analysis using the SSI responses as input BCs (C

3) Opiion\NN@NNlonlinear structure, applicable to concrete
structures and baselation using iterative scheme (A% E
ACi#318, and JEAC 4&f1115).

4) OpiionfPRCProbabilistic SRA and SSI analyses (ABCE
Sections 2 and 5.5, and RG 1.208 E)

5) OptionFRV-BIM No input time histories are required.

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




relModéling fonrlanéatiz

1

onally:

xr
€

ACSS3ASSIMainSoftw

Iterative EQL

Nonlinearcsoll
solideelements

(Ghiocel et. al., 2013, SMIRT

titoNonhnéaii|Soll)

Analysis|(Opt

MHIUIRAPWR

ACSSSASSIMO
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ACSSSASSINAEinite rkEleméntbubrary

The FE library allows the use of the following linear element typ

3D solid elements type SOLID
3D beam elements type BEAMS
3D plate / thin shell elements type SHELL
3D plate / thick shell elements type TSHELL
2D plane strain elements type PLANE
3D spring elements type SPRING

3D stiffness/mass generalized elements type GENERAL (SE)
3D highly viscous damper elements type HVD

The excavated soil is modeled using the following element type

SOLID for 3D FEM
PLANE for 2D FEM



Element Node Degrees of Freedoofy

Element Node DOFs

Type XY | 2| XX | YY | Z2

SOLID s e

BEAM - L ] L ] [ ] L] w

SHELL/ . . . .

TSHELL

PLANE . .

SPRING . . . . . .

HVD . . .

GENERAL . . . * . .

Element Group Names
Group Type |Group Type Number of _
(number) (string) Nodes Description
1 SOLID 5 O 7. 97 6. 93D solid element
2 BEAMS 3 3D beam elements
3 SHELL 4or3 3D plate/shell elements
5 TSHELL 4or3 3D plate/shell elements
4 PLANE 4or3 2D plane strain solid elements
6 HVD 3 3D High Viscosity Damper
3D spring elements (translation or
7 SPRING 2 rotation)
9 GENERAL 3 (local axes) or|3D stiffness/mass generalized
2 (global axes) |element
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NewBDIHVDElements Simulate IBCSolsol

3DSprings 1 Spring Stiffness

14 /
Z 12
=,
3 10
- - - 5
- - . L 8
- - - g —e— measured
- - 6 _
- - - _8 —=— linear (theor.)
- - - G
, /
O T T T T T T
0 10 20 30 40 50 60 70
Horizontal Displacement [mm]
- 3DH\OBampers HVD Stiffness
- B0
. e s
— e kN Wb &
—Cv ety Lt
i At - analysis

Stifftiess, KN/m

Frequency, Hz
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3-Node-HVD | ElementissBased-Bxaameter
MaxwellVModek (K1) ,BL, K2, B2)

l Node 1

: ke, % % k, _
Chain 1 Chain 2
Node3 Node 36
w="4 5 | U s meke
B, B,
? Each H
Node 2 VD
elementimodels

(Kostarev et. al., 2019) onecchain!
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CompleX_ Luneanzed Hysteretic andNis¢ous M

AW

Damping (Imaginary Part)

Hysteretic ModEerequenemdependent); Soil, Structure & LRB,
q Jmag(b) 1 DW
Real(D*) 2p W

Viscous Modéirequeneependent); HVD

_Imag(D*) _ c(w)w : :
Real(D") _ Real(D") (Not mentioned in ASEIBY
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2. Main Software Modular
Configuration
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ACS SASSI Main Software SSI Modules

EQUAKI GenerateS SpectrumnComgpatible'Cantrol Motion

SOIL- Computé quivaléent Soll-Propertiés: affrtekiddotions
SITE- Compute Site lkayeringBehavior Uinder! Differentc\Wave
POINT ComputéSoil lkayering Hlexibilitiesdnder-Point Load
FORCE DefineNodaldoads (Fonces/and Moments)

HOUSE Defines thé!Structure and-Ne&l-Soil-and:tnecaherenc
ANALYS Computérimpedances &=Solves SShRroblemii(ATF .
MOTION ComputescAceelerations; RSuin.StructugEmiNear

© © N o o0 kA 0D

RELDISR ComputesRelativepDisplacements
10. STRES$ ComputeS:Stresses/Strainsun Structure:afdiNear
11. COMBIN Combine ANALYS Solutions withrDifferentckFrequen



ACSSSASSINA. 312dMedularfConfiguratio
(wio/Advanced @ ptionsithadA and\NONiI Simple

Input Analysis Results
FORCE +<— LOADGEN
OPTION A
EQUAKE MOTION [\
Complex
TFI
ANALYS || coMmBIN RELDISP
CNDS_MTX_INTERP
SITE
Restart Files:
COOXo0ox, COOTKXxX
DOFSMAP,FILESO,FILE91
POINT \
| STRESS
HOUSE 78 o ) 1415
A R OPTION NON
\ NONLINEAR|{ COMB XYZ}—
SSI2ANSYS |[«—
OPTION AA
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ACSSSASSINA 3 2with i Options dneltit eS| 38 S54 d\
(Plus(GUt Shiellpand) 6 DOSI AuxiianyrPregram

MAIN Software) EQUAKE, 2) SOIL, 3) SITE, 4) POINT, 5) FORCE,
HOUSE?) ANALYS, 8) MOTION, 9) RELDISP, 10) STRESS, 11) COMBI
CDNS_MTX_INTERP only for FRD&pproach

Option AAA:1) LOADGEN,2) SSI2ANSYS, 3) PRE_SE, 4) ans_frs2fi
ANSYS macros)

Option UPLIFT) UPLIFT_3DFEM, 2) UPLIFT_JEAC_4601_2015, 3)
GLOBAL_IMP

Option NONL) NONLINEAR,Sdction_Cuts_for_ BBC

BBC JEAC 4601 ACI, 8I@Greate Flange Materials
5)COMB_Shear Bend

Option RV-6BIM:1) RVT
Option PROLProEQUAKRProSOIL3ProSITEAProHOUSE

5ProMOTIQNProSTRESSProNON3ProSRSand 103roRESPONSHEus
auxiliary modulesSMEProl2Check SITE Outgut3Write SITE_Output
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3. User Interface (Ul) Input Dialog
for Selecting Analysis Options
for SSI Modules

16
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Simulation of Input:Control Motion (EQUAK

(. ] » | EQUAKE Spectrum Compatible
Accelerograms are assumed
to be Independent or Correlated

FEQURKE:

N

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

Spectrum Files [T

Spectrum Mumber 1 j Edit % Spectrum File - NEWMHX.RSO' = [=R(ExD|
Spectrum Input File | B 3 Curve 1 e
—eeatee—bat oot -H-—ICure 2 —
Spectrum Output File | b | ,,' = "‘\14 -h\n';;:(:unfﬁ B —
| I 1 11 O
Acceleration Output File e o B o 1 T I
| \J _— ] e i i i R s s e B
Optional Spectrum Files I b d df d WE o I!; t) | \'\'\i | i
S pased on moditie eaey T o ] ] ]
v Accel. Record [ Edemal A . iD T 7 '
and Abrahamson algorithms 1
Acceleration Input File CASSMDemus v s coma o =3 Fy e I i e i i i
— e i
I [ T.1.1 I [T [I [ I [ [
Comelation o e e e g o i 1
Mumber of Frequencies |8333 |N |T |C — . | = I
o ime or.
Initial Random SEED [0 T | \
111
Damping Value 0 5 | | @ Tine History File - mlzac -|0] =j

Time Step 0.005 |3 | |

Total Duration 0 Ii ‘ 1 .

Number Of SEEDs ’D—@lij Uses phasing \\ .

Comelated from I’ea| '. i\ [\
I

| records ] wf\

o g 40895
Includes nestationary correlation between X and Y comﬁ)ongnts i 9,995

L ]
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10

Acceleration(g)

10

Accel. PSD( in®/sec®)
=)

EQUAKEModule: Capabilitdarnm $SoiESite

WITHOUT SEED RECORDS

Accel. Response spectra

(B=5%)

Design RS
manmn Galc, RS

10° 10’
Frequency (Hz)

Accel. PSD ([=5%)

10

H
H

R )

10° 10’
Frequency (Hz)

10

2

Acceleration (g)

Velocity (g - s)

-0.02

Displacement (g - 52)

o
]

S
o

0.02

0.01

0.01

Generated time history

5 10 15 20
Time(s)

5 10 15 20
Time(s)

x10

5 10 15 20
Time(s)

Acceleration(g)

Accel. PSD( in%/sec®)

WITH SEED RECORDS

Accel. Response spectra (p=5%)

Design RS

s Galc, RS

10’ 10'
Frequency (Hz)

Accel. PSD (p=5%)

10

s Cal, PSD

10° 10’
Frequency (Hz)

10

Velocity (g - s)

Displacement (g - 52)

Acceleration (g)
(=]

S
o

o
)

0.02

0.01

-0.01

-0.02

0.01

0.005

0.005

Generated time history

5 10 15 20
Time(s)

5 10 15 20

Time(s)

-0.01

5 10 15 20

Time(s)
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Acceleration(g)

Accel. PSD( in%/sec®)

10
10°
10"
10°
Design RS
s mmnns G2, RS
107 IG i1
10 10 10
Frequency (Hz)
. Accel. PSD (damping=5%)
10 . ‘
10° i \‘\.\
FAN i i
4 .'_,4" H E
10 L 1
10° §
s e G2C, PSD
10 - -
10 10 10
Frequency (Hz)

EQUAKE Module: Capabilidd®ock S01ESite

WITHOUT SEED RECORDS

. Accel. Response spectra (damping=5%)

Acceleration (g)

= e 2
Mo s

S
~

Velocity (g - s)

Displacement (g - s)

—_

(=]

'
—_

Generated time history

Time(s)

5 10 15 20
Time(s)

5 10 15 20
Time(s)

Acceleration(g)

Accel. PSD( in%/sec®)

WITH SEED RECORDS

Accel. Response spectra ($=5%)

Design RS
s Galc, RS

0

10 10' 10
Frequency (Hz)
Accel. PSD ($=5%)
AT A
§ ¥
'h'“.
P :.--" 'X‘
s A
L e ‘._.- .é E
i
A
10° 10' 10
Frequency (Hz)

Acceleration (g)

=
w

(=]

o
3

Velocity (g - s)

-s9)

Displacement (g

AL o N 2 oo

= =
w o w —

'
—_

Generated time history

5 10 15
Time(s)

Time(s)
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1.00 Correlation

Correlation
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h

0.00 .
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< Correlation




Fourier Interpolation (FZPI) for Frgequency

ACS SASSI V4 EQUAKE module includesribezenmadaing
Interpolation/farcacceleration historesnputing the respon
spectra in the hgaquency rangaSCE!/439 requirement.

18
== Linear

16 — Fourier

ROCK SITE

Computed GRS for
Different Interpolations

0.0 100 200 300 40.0 500 60.0 10,0 80.0 90.0 1000

Freq [Hz] -
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Computing Higkrequency RS-Using Fourie
ZercPadding Interpolation (FZPI1) Exampl

Rock180, Acceleration before and after interpolation
0.6 T |

— Rock180
——— Rock180 new ||

ROCK SITE

-0.6f ‘
085 5 10 15 20
Time, seconds
Rock180, Acceleration before and after interpolation ; Rock180, Response Spectra before and after interpolation
. . . 10 . — — ;
06r — Rock180 H Rock180 : ;
— Rock180 new —— Rock180 new

Response Spectra

5.4 5.45 55 5.55 56 5.65 10
Time, seconds Frequency, Hz

10° : : - .
10° 10

1 2

10
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Site Response Via SHAKE Methodology (S

- . = | |
Ar‘la|y‘5|5 Clptlﬂns Dynamic Soil Property - Sand020
EQLIA.TE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP | AFWRITE o o
Input Motion Sail Profile Stresses & Strains _:‘EE: ) i
Nr. of Fourier Components 40056 Layer Mumber |1 j ¥ Compute Stresses % \( %
Time Step of Input Mation 0.005 Property Number |2 | Save Stress Time History ;f ' g
perTP ety v Compute Strains — \ 5
Mumber of VWalues 3000 Dynamic Soil Property [ Save SteieTmE History ) 0
0.0001 0.001 0.01 01 1
Multiplication Factor |D |UH!|-’ Somctial Amolfication Fact Shear Strain (%)
pectral Amplfication Factor
Max. Value for Time History  |0.1 . o Dynamic Soil Property - Clay =13
Gravity Accel ft/s2 or m/is2) Iﬁ Accelerations [ Save Spectral Amplification Factor
{used for freefied analysis) ' * No Computation Outcropping of First Layer ~ C'a‘f_‘_sf_i& Sun 1383 / |driss 1930 3~
Number of Header Lines [ |0 ' Compute Maximum [ Outcropping of Second Layer 5 \ / S
Cutoff Frequency (Hz) 0 ; Sztmpute .|"-"|En-:imum & Time History Second Layer Numb2 0 % g 2 %
cropping i} 2 =
Control Point Layer 1 Frequency Step ? \\____ 15
File |D:"-ssi"-.N EWMHF.ACC = | Response Spectrum e | % 0 "] 0 5
. . 0.0001  0.001 0.01 01 1 10
e de T R Spectrum —-

teration Parameters

Muttiplier for |1 L Thick Unit P SW. P SW
. . . . . § ayer ickness ni Wave Wave Wave Wave
¥ Save Strain-Corfipatible Scil Properties Acceleration of Gravity 1 Weight  Velocity  Velocity ~ Damping  Damping
lﬂi 2 \ Ratio Ratio
. . . -
Number of feratiopls Damping Ratios = \ 1 10 0.13 4000 2000 0.05 0.05
. . ) 2 10 013 4000 2000 0.05 0.0
Equiv. Uniform / Max Strain |[:'-E |D-D2-D-E'5 5 3 10 013 4000 2000 0.05 005
s 1 10 013 4000 2000 0.05 0.05
5 10 013 4000 2000 0.05 0.0
7 5 10 013 4000 2000 0.05 0.0
= 7 10 013 2500 1000 005 005
R R i 3 8 10 013 2500 1000 0.05 0.0
Use international or British unit Systems 9 10 013 2200 1000 00z 008
10 10 013 2500 1000 0.05 0.0
Halfspace 013 2500 1000 005 005

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

Help |
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Select Dynamic Soil Property Iﬁ

Hew Qk.

Fock Nonlinear soihmaterial curve databa

Sand Edit, Cancel

Do o Sheammodulusrant dampingaatioen
o [ e [l e ||| fUNCliONSCOESOIShearstrain

|1 |n_nnn1 |1 0.0001 |n_24 —
|2 |n_nnna |1 |n_nnna |n_42
|3 ||1uu1 |1 / ||1un1 ||1a ] ;
vl Dynamic Soil Property - Clay (o[- (]
4 0003 0981 / 03 14 .
Clay - Seed & Sun 1989 / Idriss 1990
E .01 10,941 .01 28 1 — ] 3

Damping Ratio (D) (x 10°1)

Tile [Clay - Seed & Suf 1989 / Idvss 1330 \ /
Userccamadd@dite delet /

. \
andimcludednewcurves |

0.0001 0.0 0.0 0.1 1
Shear Strain (%)

«  Shear Modulus (Geff/Gmax)

0
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Computation of Equivalent Soil Properties

Input Acceleration Time History

MAXIMUM ACCELERATION = .B85600

AT TIME - 4.37 SEC SOIL Module

THE VALUES WILL BE MULTIPLIED EY A FACTOR = .350

TO GIVE NEW MAXIMUM ACCELERATION - .30000 (based on SHAKE approaCh)
_— ri - -

NEAN SQUARE FREQUENCY T 6.87 /s Computes Equivalent Soil

%% MOTION OF LAYER NUMBER 1 OUTCROPPING Properties Using

#%% STRAIN COMPATIELE SOIL PROPERTIES ®#¥ . »

MAXIMUM NUMBER OF ITERATIONS = 8 Seed-ldriss Equ“’alent

STRAIN FACTOR IN TIME DOMAIN - . 60 Linear Model

EARTHQUAKE - C: W ACS_C\NEWMHX. ACC

Initial 'Soil Layering Properties

wEE  S0IL PROFILE DESCRIPTIOMN ®¥®%¥

MEW SOIL PROFILE NO. 1 IDENTIFICATION
MUMBER OF LAYERS 5 DEPTH 40,00
NDO. TYPE THICKEMESS DEPTH ToOT. PRESS. MODULUS SHEAR VEL
{(ft) {(ft) (kst) (fps)
1 1 10. 00 5. 00 .65 1000.0
2 1 10. 00 15.00 1.64 1000.0
3 1 10. 00 25.00 2.31 1000.0
4 1 10. 00 35.00 1000.0
5 BASE 1000.0
PERICD = 16 FOR AVERAGE SHEAR
Final Soil Layering
ITERATION NUMBER &8
VALUES IN TIME DOMA
X
NO TYPFE DEFTH UMIFEM. | <-——— DAMPING|----3 <—-—-—-—- S5HEAR MODULUS ----- - G,-"'GCI
(FT} STRAIN MEW USED ERROR NEW USED ERROR RATIO
1 1 5.0 | 00296 014 014 L0 3877, 3877, .0 . 960
2 1 15.0 [ . 00809 027 027 0.0 3466, 9 3466. 9 L0 . 859
3 1 25.0 | 01629 038 038 0.0 3055, 3 3055, 3 0.0 T
4 1 35.0 | . 02485 047 047 0.0 2729.1 2729.2 0.0 .67

PERIOD = B _FOR AVE . SHEAR WELOCITY = . 900. : .
20}1 Copyright oﬁfﬂgﬁoce'l%re |ctL|'ve echnologies, IPnc.. All Rights ResedadAES SASSI Introductory Training
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SQIL\Module theluding DEERSOIoOptio

Analysis Options

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

Number of Fourier Components | 0 Layer Number :
|| Time Step of Input Motion 0 Property Number I:l
MNumber of Values El Dynamic Soil Property
Multiplication Factor El | |

Max Value for Time History El

Gravity Accel. (ft/s*2 or m/s*"s)

(used for free-fixed analysis)

Input Motion Soll Profile

Accelerations

(@ No Computation

% () Compute Maximum

() Compute Maximum Time History

N@ﬂlheaa&ﬁlféﬁemmng@omcmppmg
In imecioraraisingsing E?Lliiffil‘;";m
same/theory as DEER SOt

MNumber of Header Lines

Input Direction

MNumber of lterations

RELDISP | NONLINEAR | AFWRITE
Stresses Strains

[] Compute Stresses
[]Save Stress Time History
[] Compute Strains

[]Save Strain Time History
Spectral Amplification Factor

[]Save Spectral Amplification Factor
[] Outcropping of Second Layer

[ ] Outcropping of First Layer

|

Second Layer Number
Frequency Step
Title |

Fourier Spectrum
Compute Fourier Spectrum
Save to File
Outcropping

0

Multiplier for
Equiv. Uniform / Max Strain

| 0

Acceleration of Gravity
/\‘W \

Damping Ratios
[“] Nonlinear Time Domain
Subincrements per Timestep Beta
Displacement Convergence Error II' Damping Type (1,2,3) El S exponent

El Mass Matrix Mult.
E Stiff Matrix Mult.

Force Convergence Error

Equilibrium lterations

\

Curve fit Hyperbolic Parameters

\

o]

Ok Cancel
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SOI-NONDEERSOIL ¥s)ISOIL ISHAKE Me

V&V Problem 49, VISCO BEDROCK, @0.02g - Layer #0011
0_02 T T T T T

: : Soil
0.015| ~ ' : Soil Non 1

0.01} f | i
0.005} | | s
. | |

-0.005 | | | | i

Acceleration [G]

0.01} | | .
_0.015} .

-0.02 I I L i i I 1 I
0-0 50 5 10 15 20 25 30 35 40

Time ISecondsl]
V&V Problem 49, VISCO BEDROCK, @0.02g - Layer #044
0-015 T T T T T T T

Soil
—— Soil Non

o

@)

-
|
|

O

0

0

0
T

@]

Acceleration [G]

-0.005 -

-0.01

-0.0155 5 10 15 20 25 30 35 40

Time [Seconds] 27
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Equivalent inearns NanlineartSite

Soil Layer 1, Response Spectrum, Layer 1, Depth approx 0 ft
T

25—

Surface

ACS SASSI 0.15g

NL SOIL 0.5g

o 5 10 15
Frequency

Soil Layer 1, Acceleration TH, Layer 24, Depth approx 100 ft
T
04}

Acceleration [g]

05}

I 1

|

ACS SASSI 0.15g
ACS SASSI 0.5g
NL SOIL 0.15g
NL SOIL 0.5g

5 10 15 20
Time

25

30

Stress

Soil Layer 1, Response Spectrum, Layer 24, Depth approx 100 ft
T T T

——— ACS SASSI 0.15g

ACS SAS!
——— NL SOIL 0.1

S|

0.
Sg

——— NL SOIL 0.59

100ft depth

l

1 L 1 L
5 10 15 20

Frequency

25

-
s

Soil Layer 1, Stress-Strain, Layer 24, Depth approx 100 ft

NL SOIL 0.59
NL SOIL 0.15g

1 1
05 0 1 15

075
Strain
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<

Selesiion of Sesmsic fvave Environment (5

Operation Mode Mode 2

. Made 1 .

(_J) Linear Soil &) (® R-,5V-,and P-Waves

i Mode 2 B

(® Non-Linear Soil () SH- and L-Waves
Mode 1 R-Wave SV-Wave |4 |»

Gravity Accel. (ft/s"2 or m/s"s) | 32

(used for free-fixed analysis) () No Wave Field
Frequency Step 0 (@ Use Wave Field
Time Step Control Motion 0.005
Nr. of Fourier Component 4096

Wave Ratio 1
Freguency Set Number

Number of Generated Layers

Halfspace Layer

Frequency 1

SITE Module
Compute Site Response
Assuming A Selected
Seismic Environment
Including SV, P and R-or
SH and L-wave
Combination

Frequency 2

Control Point Layer
Z

Top Layers
2,2,2,2222222

Direction

®X Oy

Ok Cancel




