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DAY 2: January 26, 2011

Introduction to ACS SASSI Software
Capabilities

SSI| Modeling and Algorithms
Modular Configuration
Description of GUI and SSI Software Modules
SSI Analysis Runs, Restart and Post-Processing
Special Reporting on SSI Substructing Methods
ACS SASSI-ANSYS Integration (New, Option A)

8:30am-5:00am
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Purpose of this Presentation:

To make an overview of the application of the
ACS SASSI NQA Version 2.3.0 code for seismic
soll-structure interaction analysis of nuclear
facility structures
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Seismic SSI Analysis Using ACS SASSI

The complex frequency response is computed as follows:

Structural transfer function given
 Coherent SSI response: input at interaction nodes

Coherent ground transfer function at
/ interface nodes given control motion
Complex Fourier transform
US((D) H ((D)*H (@)*Ugo((ﬂ )« of control motion

b

Incoherent ground transfer function

o h t SS| : given coherent ground motion and
nconeren response. coherency model (random spatial variation
in horizontal plane)

S \ C
U.(0)=H. (oo HE (@)* U, (o)
\ Complex Fourier transform of relative
Sg () =[P(W)] 7\,((1))] spatial variations of motion at interaction
nodes that is stochastic by nature
Spectral factorization of coherency kernel Random phases (stochastic part)
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Incoherent SSI Analysis in ACS SASSI

\%Y 1

i

Structure Excavated Soil
Free Field Problem _
SSI Problem Motion
—_ Incoherency
. : 4 affects free-
Flexible Volume Method (using all excavated volume nodes) | fied motion
C:-C:+X, -C, -X, 6 C.|[uU] at interaction
_ Civi + Xwi _ Civw + wa 0 ) UW nOdes
Czi 0 Czs \Us y
Flexible Interface Methods (using boundary volume nodes)
C-Cc+X, -C, cl(u) (x,u] '
¢, ¢, ohui=f o ¢ Cl@U(w)=Q(w)
G 0 C (U [ 0 | where Cw)=K-0*M
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SSI Analysis Complex Frequency Approach

The equation of motion of the SSI system is:

IM]{i} + [C]{i} + [K][{u} =-{m}¥
[MI{i} + [K*]{u} = -{m}§

1Mt

Assume: § =Ye
Then: {u}={U}e"

(K'] - & [MI){U} =~ {m}Y

Solve for complex transfer functions for each frequency:
(IK'1- o [MI]){A,} = —{m]

Then the solution in frequncy domain:
{U}={A}Y

Use Fourier Transform for transient time histories, and the compute solution in time domain:
N/2

_ ION
uj(t)—ReZ(;Uj,Se .
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Linear Soil-Structure Interaction Analysis

Computational Steps for Linear SSI Solution:

Soll structure interaction problem subjected to the seismic excitation is
solved in the frequency domain following steps:

1.

2.

Solve the site response problem
Solve the impedance problem
Form the load vector

Form the complex stiffness matrix

Solve the system of linear equations of motion
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Seismic Incoherent SSI Approaches

Stochastic simulation approach similar to Monte Carlo simulation used for
probabilistic analyses. It is based on performing statistical SSI analyses for a
set of random field realizations of the incoherent free-field motion. Respects
in detail the SSI physics. Compute mean incoherent SSI responses and their
scatter. Recommended for both simple and complex SSI models with rigid or
flexible foundations.

Deterministic approximate approaches based on simple rules for combining
the incoherency modes (AS approaches) or modal SSI responses (SRSS
approaches). Approximates the mean incoherent SSI responses.
Recommended for simple stick models with rigid basemats.

Stochastic Simulation validated by EPRI (TR# 1015111, Nov 2007) and
endorsed by US NRC (ISG-01, May 2008). Reference approach for
validating deterministic approaches

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING



Acceleration (g)

Acceleration (g)

Stochastic Incoherent SSI Approac

£

10'
Frequency (Hz)

Wean & Standaed Deviation

| e—inrhastc MEan

Determiniatic Coherent

Random Saenpls |

-
w
T

-
T

05+

HIGHER
ELEVATI
:

Freouencwv (Hz}

1IN S ey
08 T T T T T
Deterministic Coherent : :
w— 50% Confldence

84% Confidence

16% Confidence

Frequency (Hz)

FRS Nods 021 95TRX
25 . I
Deterministic Coherent
— 50% Confidence
B4% Confidence
16% Confidence

ON

1 . R

0.5 : : : F ‘ ol

10°

Frequency (Hz)

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING



Deterministic Incoherent SSI Approaches

ACS SASSI uses simplified superposition rules for combining incoherency modes or
their random SSI modal effects:
i) Linear superposition of motion incoherency modes scaled with their standard
deviation to simulate the free-field motion (AS in EPRI studies) — single SSI analysis
i) Quadratic superposition of incoherency modal amplitude responses, applicable
for the computed ATF or RS modal responses (SRSS in EPRI studies) — multiple SSI
analysis

Five deterministic incoherent SSI approaches could be used:

1)  Linear/algebraic summation (AS) w/ phase adjustment (EPRI TR#1015111)

2) Linear/algebraic summation (AS) w/o phase adjustment *

) SRSS of ATF Amplitude w/ zero-phase (EPRI TR#1015111)

) SRSS of ATF Amplitude w/ non-zero phase *

)  SRSS of RS (used in 1997 EPRI TR#102631, but not validated in 2007 EPRI
TR#1015111) *

o B~ W

* Note: Not considered in the 2006-2007 EPRI studies (EPRI TR# 1015111)
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Deterministic Incoherent SSI Approaches
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Deterministic Incoherent SSI Approaches

Amplitude

Interpolated Transfer Functions - Top of IS - Node 158
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Free-Field Covariance Matrix Convergence Criterion. Selected Mat Corner Node

Covariance Matrix -- XINPUT -- - FREQUENCY = 20.1171875
1 [ I | ! ! : ! ! _
Covariance(All modes) | : ' : : :. :
E— G Poorer Convergence for Smaller Distances;
0 r|ance(ModeS—25)

ool N\ — ___________ Short Waye-Lengths/Higher Frequencies - i

Covariance

Data from FILE16 186 Interaction Nodes
| i i | | i i | | |
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Node Number 14
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Covariance

NI20 -- Covariance Matrix -- XINPUT -- at Node1151 -- FREQUENCY = 20.1171875

i ovariance{ Al modes)

m—COvarianceliModes=10)
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“Recovery” of Free-Field Coherency Matrix Input

Stochastic Simulation approach includes all the extracted coherency matrix

eigenvectors (called also incoherent spatial modes) for computing incoherent SSI
response.

This is very important for the high frequency range were participation of higher-order
incoherent spatial modes is large, especially in vertical direction and for flexible

NI20 -- Covariance Matrix -- XINPUT - at Node1047 -- FREQUENCY = 20.1171875 Using 10 Incoherent Spatial Modes AP1000 Stick Foundation

— e || ‘ ! : ‘ ‘ ‘ \ At20.0 Hz Frequency: Cumulative Modal Variance = 33.72 % of Total Variance

= Covarianceilodes=10) . At 30.0 Hz Frequency: Cumulative Modal Variance = 11.04 % of Total Variance
Connancevodes=2) 10 incoherency modes are

insufficient to recover the free- Freeney=20.0,Mode nunber 210, 18214042, 150.004740

field coherency matrix, o
- especially, between points that
are smaller relative distances.

| I | | I | | | |
0 20 40 60 80 100 120 140 160 180 200
Nodes Number
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#%#% RERAHAMSON 2007 PWI FOR SURFACE/HARD-ROCK SITES ##*%* NUMEER OF SPATIAL MODES = 10

NUMBER CF EMBED. LEVELS = 0 (I5 ZERC FOR SURFACE FOUNDATICH)
APPARENT WAVE SFEED ALONG RADIAL DIRECTION = 100000.00

RADIAL DIRECTICH ANGLE WITH THE X-RAXIS = 0.00

UNLAGGED SEISMIC MOTION INCCHERENCY MODELING = 5

=1 LUCCO-WONG 1986 ANISCTROPIC MCDEL

=2 BBRAHAMSON 1993 MODEL FOR ALL SITES/SURFACE

=3 ABRAHAMSON 2005 MODEL FOR ALL SITES/SURFACE

=4 ABRAHAMSON 2006 MODEL FOR ALL SITES/EMBEDMENT

=5 RABRAHAMSON 2007 MODEL FOR HARD-ROCK SITES/SURFACE
=6 RBRAHAMSON 2007 MODEL FOR SOIL SITES/SURFACE

NUMBER CF INTERACTICN WCDES AT DEFTH 0.000 IS 336
MAXTMUM WUMBER OF EMBEDDED NODES IN HORIZ. PLANE = 336
#%% MOTICN INCOHERENCY SIMULATICN PARBMETERS ***

SEED NUMBER FOR HORIZONTAL DIRECTION = Q

SEED NUMBER FCR VERTICAL DIRECTIOCH = aQ

EANDOM PHASE ANGLE = 0.000000000000000E+0Q00
#%% CUMULATIVE MODAL MASS/VARIANCE (%) ##**

Frequency = 0.098 Horizontal = 100.00% Vertical = 100.00%
Frequency = 1.562 Horizontal = 100.00% Vertical = 99.97%
Frequency = 3.125 Horizontal = 899.94% Vertical = 899.75%
Frequency = 4,688 Horizontal = 899.69% Vertical = 899.20%
Frequency = &6.250 Horizontal = 8.90% Vertical = 8.09%
Frequency = 7.812 Horizontal = 897.01% Vertical = S96.00%
Frequency = 9.3758 Horizontal = 93.55% Vertical = 92.59%
Frequency = 10.938 Horizontal = 88.54% Vertical = 87.93%
Frequency = 12.500 Horizontal = 82.47% Vertical = 82.486%
Frequency = 14.062 Horizontal = 75.90% Vertical = T6.67%
Frequency = 15.825 Horizontal = 69.31% Vertical = TO.92%
Frequency = 17.188 Horizontal = 63.02% Vertical = 65.45%
Frequency = 8.750 Horizontal = 57.20% Vertical = &60.37%
Frequency = 20.312 Horizontal = 51.92% Vertical = 55.74%
Frequency = 21.875 Horizontal = 47.19% Vertical = 51.55%
Frequency = 23.438 Horizontal = 42.99% Vertical = 47.79%
Frequency = 25.000 Horizontal = 39.26% Vertical = 44.40%
Frequency = 26.562 Horizontal = 35.96% Vertical = 41.37%
Frequency = 8.125 Horizontal = 33.04% Vertical = 8.65%
Frequency = 29.688 Horizontal = 30.42% Vertical = 36.20%
Frequency = 31.250 Horizontal = 8.04% Vertical = 34.00%
Frequency = 32.812 Horizontal = 25.81% Vertical = 32.01%
Frequency = 34.375 Horizontal = 23.83% Vertical = 30.21%
Frequency = 35.938 Horizontal = 21.37% Vertical = 28.57%
Frequency = 37.500 Horizontal = 2.93% Vertical = 27.09%
Frequency = 39.0862 Horizontal = 16.31% Vertical = 25.74%
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Incoherent FRS at Flexible Mat Corner. Effect of Number of Incoherence Modes
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Seismic Site Response

The original site is assumed to consist of horizontal soil layers overlying a halfspace.
All material properties are assumed to be visco-elastic materials.
Solutions for inclined body waves and surface waves

Only the free-field displacements of the layer interfaces where the structure is connected
are of interest. For the vertically propagating wave types, displacement amplitudes are:

u (x) = U, expli(ot — kx)]

Effective discrete methods are used for determining appropriate mode shapes and wave
numbers corresponding to control motions at any layer interface for inclined P-, SV-, and
SH- waves, Rayleigh waves and Love waves.

Soil hysteretic behavior is idealized using the Seed-Idriss Equivalent Linear Model
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Soil Layer Sizes (It impacts on SSI model)

 For such elements the accuracy of the solution is function of the method used to compute

the mass matrix and an accuracy better than 10 percent on wave amplitude is obtained if
the element size h follows the relations shown below:

1/8 A, for lumped mass matrix

h < 1/5 A, for consistent mass matrix

1/5 A, for mixed mass matrix | -

 The wave length is obtained from
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Site Response Model for Body Waves

Incident Plane SV and P Waves

The equation of motion to the soil system subjected to inclined P- and/or SV- waves:

([Alk* +i[Blk +[G] - 0 [M]D{U} =

b
Solution to the above equation yields the displacement vector { U }.

For vertically propagating waves it reduces to much simpler equation (Chen, 1980). The
free-field motion at any distance x can be obtained from the solution using the relation

X Layer No. DOF
y U 1

{(U(x)} = {U}exp(-ikx)d L.

Incident Plane SV Waves

=] =] j_ —- w ||k || =
x -

7 T
Halfspace

p

SV
sV 1
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Modeling of Semi-Infinite Halfspace Baserock
The Variable Depth Method

The total depth H of the added layers

T
varies with frequency and is set to: 8
N
V <
H=15-2% 3
f hy
h,=ah,
The total thickness of the n layers is: -\ T
Q
-8 |
o O
2 E ®
H=h,+oh +——— mé H =ah,

Baserock
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3D Transmitting Boundary Matrices

The 3D Transmitting Boundary Matrix Uses An Axisymmetric Model (Kausel, 1976):

Layer No.

P33 l Py

P, / l Py
n
—_ \ I
u I I I IY III I I I I I I IO II IS

Degrees of Freedom on Axisymmetric Transmitting Boundary

j+1

mﬂi =N=hoh
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3D Transmitting Boundary Matrices

Generalized Rayleigh and Love waves eigen-solutions and Fourier expansion are
used to compute the force-displacement relationship for site response:

(P}, = [R]m{U}/ \

[R], =, {[AIlW],[K*]+(D]-[E]+m[N][¢],[K]-

m + 1
2

m (

[L1+ QDI 1, [W (1)1}
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Compute Flexibility Matrix

For each node dof the flexibility is computed using an axisymmetric model that includes a
central zone with radius of cylindrical elements enclosed by an axisymmetric transmitting

boundary.
e isgssd > \

\ / Basement Node
”

L

X

f
3
:
F f’*"'h
3
i
19
1
}

{- - ——
N\
Embedment

4

e
B

hl 4 * ¥
f ¥ e ———————— g L e T N

o

Sublayers

NGRS

soil layers

Additional

k-

o

7

L

:
1
}

ransmitling
Boundary

=

ity 1
Rigid Base //////////// _———
U Yy .

Explanation

T

Simulated
Halfspace

* [nteraction Node
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Impedance Analysis

Computational Steps:

1. Compute Flexibility Matrix

2. Compute Impedance Matrix using
- Flexible Volume Method (uses all the interaction nodes)
- Skin Method (more approximate, not V&V)

- Flexible Interface Method (used just the excavated interface nodes)

3. Equivalent Global Impedances (Optional)
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Flexible Volume/interface Method

In this method, the flexibility matrix need be computed for all the interacting
nodes using the methods described above.

The impedance matrix is obtained by inverting the flexibility matrix, i.e.,
X =F_ '

ff ff

* The inversion of the matrix is computationally intensive and needs to be
performed for every frequency of analysis.

* An efficient in-place inversion routine is used to invert the flexibility matrix
which is a full matrix in the direct method of analysis.

* For total number of i interacting nodes, the resultant impedance matrix of
the order of 3i x 3i for three-dimensional problems.
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Skin Method (old, not validated)

* In this method the interacting nodes are grouped into three groups defined as skin,
intermediate and internal nodes.

* The impedance and flexibility matrices are partitioned as follows:

Explanation
-1
® (1) Interface Node
XH X12 XB FH F12 F13 O (2) Intermediate Node
— A (3) Internal Node
X21 X22 X23 _ F21 F22 F23
X31 X32 X33 F31 F32 F33

* The dynamic stiffness matrix

of this region has the form

Cll C12 0
[Ci1=|C, G,y Cy
0 C32 C33 (a) Foundation (b) Separated Foundation
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Global Impedances

« The ACS SASSI code computes also the equivalent global impedance functions for the
surface foundations.

* The global impedance functions are determined through a rigid body transformation.
K,y (W) = Z (X, — XC)Z (Xj - X, )kLj (W)
1 j

Frequency dependent damping ratios corresponding to the equivalent global impedances
are computed by analogy with a viscously damped SDOF system.

For a degree of freedomm, m=x, y, z, XX, Yy, zz, the damping ratio is:

Imag[K ()]
2Real[K (0 =0)]

E,.(0) =
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Global Impedances for
A Circular Rigid Disk
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Soil Layering
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IMPEDANCE ANALYSIS

Global Impedances
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ACS SASSI SSI Modules:

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-Soll
RELDISP - Computes Relative Displacements

STRESS - Computes Stresses/Strains in Structure and Near-Soil
COMBIN - Combine ANALYS Solutions with Different Frequencies
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SSI Analysis Flowchart

Input Analysis Results
FORCE
EQUAKE MOTION [[S—
CACC file)
(5.6

Complex TFU
—>! COMBIN RELDISP
SITE
POINT s
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1. Simulation of Input Control Motion (EQUAKE)

Analysis Opticns

EQUAKE Spectrum Compatible
Accelerograms are assumed

Initial Random Number  [19343

T

Includes non-stationary correlation between X and Y components

Damping Value 0.05 :
Time Step 0.005 |3 |3 |
Total Duration

t b | Uses phas
N 5 | =] from real
Spect\ Title [Newmark GRS Horizortal records

(| EQUAKE DsoIL | SITE | POINT | HOUSE | FORCE | AMALYS | MOTION | STRESS | R to be Independent or Correlated
Spectrum Files 11
Spectrum MNumber 1 j Edit 2 Spectrum File - NEWMHX.RSQ' E=1 I 5
Spectrum Input File |D:"-.SS|-.-._NEWMH}{_HSI . 3 Eur\fe; e
= f i-H-—[Curve —
Spectum Output File ~ [D\SSINNEWMHX.RSO [ s | ' P as i S
T RS S 4 SR — ————
Acceleration Output Fle D:\SSI\NEWMHX ACC >> s e Sty
| | g 1 L L T T TTT & [ | NS I I
\ e e o 2 o e e e e e
i : : EOITHEETT e o s o i
IR Is based on Wiener-Levy Algorithm... / >
[ Input Acceleration 1 /,
Acceleration Input e |C:\SSI\ACCNSREC ACC »> - mmaas el e mmaat
. ol H I H O
S ! i i g e 1
S \ N - |!!!||| I 11 S O
Mumber of Frequencies |19
Mo |T|me |Cc:rr -

® Time History Fils - mixace

ing \(

0835
0

9,995

QK | Cancel | Help | U

34
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RG 1.60 Spectrum Compatible Accelerograms Using Random Phasing

Acceleration{g)

Power specirum density

10

Comparing response spectra {damping=5%t)

| ==-Calculated RS

10 10’ 10°

Frequency (Hz)

Comparing PSD with minimum requirement

T T
ek Wah ehen -
: - -
e B e :

——Minimu Required PS

===Calculated PSD

10° 10 10
Frequency (Hz)

Generate acceleration time history

Acceleration{g)

Time(s)

US NRC SRP 3.7.1 Target PSD Requirement
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RG 1.60 Spectrum Compatible Accelerograms Using Recorded Phasing

Acceleration{g)

Power spectrum density

10

—_
GD

—_
=

C

Comparing response spectra {damping=5%t)

...... —Demgn RS

_________________________ | ==-caluatea Rs| |
10” 10 10°
Frequency (Hz)
SRP 3.7.1 anr*m’r PSD F?n Ui
Comparlng PSD with minimum reqmrement

— Minimu Reqwred PSD| |
~~~ Caloulated PSD _ $

10" 10' 10
Frequency (Hz)

Acceleration{g)

Acceleration{g)

156

Generate acceleration time history

1.5 : 5
0 5 10 15
Time(s)
Recorded data: GAZ000.acc
0.6 T T I I I ‘
04_ ...... :
; : : : : Recorded
02k . CH— - % ] 1l Accelerogram
l ;
02+ : ...................... al
_04_ .......... ...... ............................
PN . T— S— ) ____________________________ l
-0.8 I 1 i | | I 1
2 4 6 8 10 12 14
Time(s)
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Spectrum Compatible Accelerograms with Nonstationary Correlation

0.00

Correlation

Correlation = 0.00 N

Correlation = 1.00 e
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2. Nonlinear Site Response Analysis (SOIL)

Time Step of Input Motion

Analysis Options C— — I Soil Property - Sand020
EQUATE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP | AFWRITE o -
— Input Motion — Soil Profile — Stresses & Strains é ) i
Mr. of Fourier Components 4096} Layer Mumber I_j ¥ Compute Stresses 2 \( g

v Compute Strains
Chmamic Soil Property

[ Sa : istony 0 0
ID — 0.0001 0.001 0.01 0.1 1
gy Shear Strain (%)
| \4/‘Cl— — Spectral Amplification Factor -

Mumber of Values

1
Property Mumber |2 \ ; Save Stress Time History

Muttiplication Factar

T

Max. Value for Time History |01 \ Dynamic Soil Property - Cla M=E3
Gravity Accel ft/s2orm/s2) [355 - Accelerations | [” Save Spectral Ampification Factor AR VDARIEON OB O et o e ; _ BEIES
{used for free-fied analysis) : 1 e Comprtction Outcropping of First Layer = C'a‘f_'ff_e_‘:& Sun 1389 / driss 1330 3
Number of Header Lines 0 (% Compute Meimum [~ Out - & \ / %
Cutoff Frequency {Hz) |{|| " Compute Madmum & Time History Second Layer Numb 8 g 28
[T Outcropping E: 3
Control Point Layer I'I Frequency Step =~ \\_‘ ! DEC”
Fle  [D:\ss\NEWMHEACC R e N | g L&
00001 0.001 0.01 01 1 10
i i -
[ Assign as Outcrop Mation Il: gi:re HEépnnse Spectrum L Shear Strain (56
cropping
— teration Parameters /
Multiplier for ] |
|7 Save StrainCol pEIthlE: Sail F'n:npertles Acceleration of Glﬁ\ﬂh’ I— | ] Layer Thickness Unit P-Wave S-\Wave P-Wave S-Wave
Weight Velocity Velocity Dampmg Dampmg
MNumber of teratiogs I1IEIr Damping Ratios Mr.df » i Ratio Ratio
1 10 013 4000 2000 0.05 0.05
Equiv. Uniform / Max Strain Iﬂ'-ﬁ Iﬂ'.DE.{I'.DE Mr. g 2 10 0.13 4000 2000 0.08 0.08
5 3 10 013 4000 2000 0.05 0.05
= 1 10 013 4000 2000 0.05 0.0
5 10 013 4000 2000 0.05 0.05
/ 7 6 10 013 4000 2000 0.05 0.05
. . . ) 7 10 013 2500 1000 0.05 0.05
Use international or British unit systems - g 10 o130 o0 008 005
10 10 013 2500 1000 0.05 0.05
Halfspace 013 2500 1000 0.05 0.05

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

Hep 38
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Nonlinear soil material curve database;
Shear modulus and damping ration as

functions of soil shear strain

4 Dynamic Soil Property - Clay

=l s

User can add edit, delete,
and included new curves
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Shear Modulus (Geff/Gmax)

Clay - Seed & Sun 1989 / Idriss 1990

Select Dynamic Soil Property ﬁ

[Cla oK.
Rock.

Sand Edit, Cancel

D elgte Help
/

Mo Strain bod.Red. 5/train Damp -
1 0.000m 1 0.000m 024 ke
2 0.0003 1 0.0003 042

3 0,001 1 / 0,001 0.

d 0.o03 0.931 / 0.003 1.4

a] 0.m 0941 / 0.0 28 1
Title Clay - Seed & Sup 1989 / Idnzs 1990

/

—

A

AN
7

Damping Ratio (D) (x 10°1)

0.0001

0.001 0.01 0.1
Shear Strain (%)

1

S~

0




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.
w#%  CONTROL MOTION LAYER ¥#®%
%% MOTION OF LAYER NUMBER

. 350
. 30000

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 DESCRIPTION ®%#

C: W ACS_C\NEWMHX. ACC

NEW S0IL PROFILE NO. 1 IDENTIFICATION
NUMBER OF LAYERS 5 DEPTH
NO. TYPE THICKMESS  DEPTH Tot. PRESS. MODULUS
() 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

ITERATION MUMBER &

VALUES IMN TIME DOMA
NO TYPE DEPTH UNIFRM. |<---- DAMPING|----> <---- SHEAR MODULUS
(FT) STRAIN |NEW UsED ERROR NEW UsED

1 1 5.0 00294 014 .014 .0 3877 3877

2 1 15.0 00909 027 027 0.0 3466.9 3466.9
31 25.0 01629 038 .038 0.0 3055. 3 3055. 3

4 1 35.0 02485 047 047 0.0 2729.1 2729.2
FPERIOD = .18 FOR AVERAGE SHEAR WELOCITY = 900,

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

40. 00
SHEAR VEL
(fps)
1000.0
1000.0
1000.0
1000.0
1000.0
————— = G,/ Go
ERROR RATIO
.0 . 9a0
.0 . 859
0.0 T
0.0 .67

40
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Selection of Seismic Wave Environment (SITE)

Analysis Opticns e — ——— ﬁ
EQUAKEI SDILF‘DINTI HDLISEI FDHEEI AMALYS | MOTION | STRESS | RELDISP | AFWRITE
—Qperation Mode —Mode 2
™ Linear Soil v Mode 1 % R-, SV- and P-Waves
I Mode 2 " SH-and L-Waves = SASSI Soil Layer View <5> M=
—Mode 1 R-Wave | SV-Wave I P-Wave I
: L Thick Unit  P-Wave S-Wave P-Wave SW
?FE{M;;-EJ’S;W}WS?} vl % No R-Wave Fi 1 ser Theness w.a?;m Velosi\ii Velosi\ii Dam;\;?g Dam;\fg
sed for alysis Ratio Ratio
K St Iq] " Shortest Wavelength 2
RPN R / 1 10 043 2500 1000  0.05  0.05
Time Step of Control Motion [0.005 " Least Decay J : 5l 01 20 0 oos 008
) N 4 10 0.13 2500 1000  0.05 0.05
Nr. of Fourier Components I-m&ﬁ Wave Ratio 1 - Halfspace 0.13 2500 1000 0.05 0.05
Frequency Set Mumber I1 Wave Ratio
MNumber of Generated Layers |10 ‘ ‘ ‘
"
Halfspace Layer I2
Frequency 1 1
Top Layers / | SITE Module
op Frequency 2 I-H]-I]-I:I' .
2222222222 & " « Compute Site Response

Cortrol Poirt Layer || Assuming A Selected

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

QK I Cancel Help

47
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Input for Computlng Soil Flexibility Matrlx (POINT)

Analy‘sm Opticns

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

i Sulutmn\ " Data Check

Mumber of Embedment Soil Layers 0
Pk il el Fames Eluiars 138 POINT Module

Compute Soil Layering
Flexibility Matrix

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

ok | Cancel Help |
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Inputs for Coherent and Incoherent SSI (HOUSE)

Analysis Opticns

]

Operation Mode

{*+ Solution (" Data Check
Dimension of Analysis

(" 1D (2D * 3D

Flexible Volume Method
- Aexible Yolume

" Direct
- Fexible Inteface

* Direct

" Skin

Acceleration of Gravity

Ground Blevation

T

Wave Passage
v Use Wave Passage

EQUAKE | soIL | sITE | F‘DIHCE] ANALYS | MOTION | STRESS | RELDISP | AFWRITE |

Sioil Mation

(" Coherent , * Incoherent

Coherencef Parameter X Dir. | 1

Coherenge Parameter Y Dir. |0.1
Cohersfice Parameter Z Dir. (0.2
Mean/Soil Wave Velocity 1000
Murfber of Embed. Layers |0
Tihe Step of Sesmic Motion |0.005
4096

1T

r. of Fourier Companents

requency Set Mumber 1

Mumber of Incah. Modes 0
[ Print Coherence Matrix

Morlinear 551

Angle of Line D with X fds |0
Unlagged Coherency Model |3

Superposition Mode

* Linear

" Stochssticaly \S§imulated/Incohe

" Quadratic

[mput

Incoherent Motions with Directional Wave
Passage Effects can be Included.
Multiple Excitations are applicable for
Separate Isolated Foundations.

Muttiple Bxcitation

[ Use Muttiple Excitation
Input Motion Mumber

HOUSE include
also a (hidden)
node numbering

=
=
e

First Foundation Mode
Last Foundation Mode

optimization

¥ Coord. of Control Poirt |0 p .
algorithm (1 in col

Y Coord. of Contral Poirt |0 1 Iine Of hOU)

7

Z Coord. of Control Point

Spectral Amplification Ratios
10 e o o o e -

Spectral Amplification
Factors are applied to
Control Motion

1
Three deterministic incoherent SSI approaches are
available: 1) Linear or AS, 2) SRSS TF with zero phase,
and 3) SRSS TF with coherent phase.
Approach 1 and 2 used by EPRI (TR 1015111)

ok | Canesl | Help |U
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ACS SASSI Plane-Wave Incoherency Models

6 plane-wave incoherency models incorporated in the code:

HOUSE Input:

1) For Luco-Wong model, 1986 (theoretical, but unvalidated model)

2) For 1993 Abrahamson model for all sites and surface foundations

3) For 2005 Abrahamson model for all sites and surface foundations

4)  For 2006 Abrahamson model for all sites and embedded foundations

5) For 2007 Abrahamson model for hard-rock sites and all foundations (NRC)
6) For 2007 Abrahamson model for soil sites and surface foundations

NOTE:

It should be noted that at this time only the 2007 Abrahamson for hard-rock site
conditions is permitted by US NRC.

44
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Incoherent SSI Using Stochastic Simu]aﬁtion

Analysis Options

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

11 e e o g T -

COperation Mode Soil Motion Multiple Excitation
{* Solution {" Data Check (" Coherernt " Incoherent [ Use Muttiple Excitation
= A Coherence Parameter X Dir. [f 1 Input Motion Number 1 j
imension alysis
~ 1D o0 & 30 Coherence Parameter ' Dir. iﬂ'.'l First Foundation Node 1
! Coherence Parameter Z Dir. |0.2 Last Foundation Mode 63
' HEFTbl'EU?quTE Method Mean Soil Wave Velocty  |1000 ¥ Coord. of Cortrol Poirt |0
- Flexdble Violume
" Bect .- Number of Embed. Layers |0 Y Coord. of Control Paint [0
- Flexible Interface Time Step of Sesmic Motion [0.005 Z Coord. of Control Pairt |0
e ek Nr. of Fourier Components  [4096 iFctend mikscnlicas Eldure
Frequency Set Mumber 1
0

Mumber of Incoh. Modes
[ Prirt Coherence Matrix

- [0 |
Ground Elevation Nonlinear S5 Input Data

Wave Passage
v lse Wave Passage Angle of Line D with X feds |0

Apparent Velocity for Line O |1e+002 Unlagged Coherency Model |3

Acceleration of Gravity 322

|

Mation Incoherency Simulation Horizortal Seed Number |EEE?3

Verical Seed Mumber |23?33
Random Phase (degrees) |‘| 20

" Deteministic {(Median) Incoherency Input
{+ Stochastically Simulated Incoherency Inputi

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

oK Cancel | Help

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING

45



Near-Field Soil Input for Nonlinear SSI

By clicking the “Nonlinear SSI” Input Data in HOUSE a text file is opened for editing.
This file has extension .pin and needs to input in a free-format:

1st line: Number of nonlinear soil element groups, effective strain factor, number
of soil material curves defined in SOIL (soil constitutive model);

2nd line: Number of the nonlinear soil element group, number of materials (could
be equal with the number of layers or not) in the group and number of solid elements in
the group

3rd line and after define a loop over the number of soil materials, with each line
including: The initial shear modulus reduction factor (1.00 indicates same shear
modulus as in free-field), the initial damping ratio factor (1.00 indicates the same
damping as in free-field) and the soil material curve order number.

The block of lines after 1st line, needs to be input for all nonlinear soil element groups.

2011 COPYRIGHT OF GP TECHNOLOGIES - Http:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING 46



Near-Field Soil Input for Nonlinear SSI (cont.)

Example with a single group of nonlinear soil elements, an effective strain factor of 0.60
and 2 soil material curves.

The order number of the nonlinear soil group is 2, the number of soil materials in the
group is 5, and total number of elements in the group is 180.

For each the 5 soil material lines, we input 1.0 for the scale factor of G, 1.0 for the scale
factor of D, and 1 for material curve (curve number are defined in SOIL).

FF NF
< C\ACSV21\Problem14\Problem14.pin gg|

oy
2y
1.
1.
1.
1.
1.
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Performing Seismic SSI Analysis (ANALYS)

Analysis Opticns

w e

S

EQUAKE | S0IL | SITE | POINT | HOUSE | FORCE onow | sTRESS | RELDISP | AFWRITE |

— Operation Mode

— Type of Anahysis
% Seismic

™ Foundation Vibration

— Frequency Numbers
¥ Take Frequency Numbers from File1 / File9

|1_

Frequency Set Mumber

—Mode of Analysis -
+ Initiation
" New Structure
" Mew Seismic Environment

™ Mew Dynamic Loading

|{II
I{I'
ZCoordinate of Control Point |10
Coordinate Transformation Angle |ﬂ

™ Coherert

¥-Loordinate of Control Poirt
Y-Loordinate of Control Pairt

&% Incoherent
v Wave Passage Hfects Included

~Cortrol Motion Foundation Reference Poirt ——

— Multiple BExcitation
[T Use Muttiple Input Excitation
Input Motion Mumber

First Foundation Node

Last Foundation Node

X Coordinate of Control Point

' Coordinate of Control Point

1T L

Z Coordinate of Control Point

v Save Files 5and &

[ Print Only Amplitude Trar

ANALYS Module
Computes Transfer
Functions in All Nodes of
FE Mesh Including
Structure and Near Field
Soil Nodes

—Global Impedance Calculations -
* No Impedance Calculations
" Only Decoupled (Diageonal) Impedances
™ Full Rigid Body Impedance Matrix 6X6

ok ]

Cancel Help
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Transfer Function Interpolation Technique

| _ ; il
— — i 5§
IR i
=1} /l(“* o A /L]
| AUTS (PN . ,
I J, ﬁ/‘i o b L/ h
/’f \**-f’ 2 el giﬂ; & A R“x
— N I N LA ) il
::::- m—r :::Ziff::;l el _-;-_:"_'_ T -._-_-_‘_‘_'q ety TS :TI:"'!"I i ] """" Rq_;:;'?;:li

{l "ni A | (after Tajirian, 1983)
_||| .

T —

N\ N/ T
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Transfer Function Interpolation Technique

* The frequency interpolation technique used to interpolate the response for frequencies in
between the calculated and to obtain the response for all FFT frequencies is based on
the frequency response function of a two-degree-of-freedom system.

* The total response of a two-degree-of-freedom system subjected to harmonic base
excitation for each degree-of-freedom has the following general from

. Co' +C o’ +C:
U'(w)= 14 i - 2 | i :
o +C,0"+C, - 4 ) S - -
o oo 1 -oU U/||C o' U,
To compute the complex ®, o, 1 -oU, U,||C, U,
coefficients a five equation o, o 1 -oU, U,| |C| = |wU,
system needs to be solved o o 1 -oU, U,||C, iU,
o. o 1 -wU, U,| |C; .U,

Note: - -7 - B
Based on our experience that the two-degree-of-freedom-system interpolation technique
may sometimes introduce some spurious spectral peaks and valleys. Thus, itis
recommended when significant spectral peaks are identified between the frequency
solution points to add new frequency points in that range.
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Criteria for Selecting Frequency Solution Points

Depend on the number of peaks in the transfer function at the specific response location
and how close these peaks are located relative to each other.

The frequencies of analysis can be selected by recognizing that the SSI effects usually
shift the frequencies to the lower frequency range and tend to flatten the sharp peaks or
sometimes even eliminate the fixed-base response peaks.

Most of the practical problems are sufficient to solve SSI solution for a limited number of
frequencies; about 40-50 frequencies for stick SSI models and about 50-200 frequencies
for 3D SSI models. A larger number of frequencies needed for rock sites than soil sites.

If no information on natural frequencies of the system are is available, it is necessary to
selected adequate number of frequencies with an uniform increment throughout the
frequency range of interest. Then, after revising the results, more frequencies are added to
reconstruct the missing spectral peaks.
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Amplitude

ATF at Node 659 Y-Y
10_... .............. R S I S [ T
® TFU-SLB| ? z = & 1 £ | _
TFI-SLB | ; | . & 8B !

g_ - TFU-SM ................... .............. ........... ......... ......... ....... i . ........................................... S -

TFI-SM
8H B TFU-SUB[ i S— TR oo ....... e e

TFI-SUB | f é 4 & i & &

Frequency (Hz)
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Node 118 X-direction for Y-input

0.5 —— Uninterpolated Incoherent ITF
| — Interpolated Incoherent ITF"
0.45
0.4 -
0.35
0.3 /

0.25 /

0.2 / \ /A
| [ h
0.05 - v \4 MAP

0 2 4 6 8 10 12 14 16 18 20

~
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Amplitude

ATF Interpolation Error Smoothing Results; No Smoothing vs. Smoothing
For Interpolated ATF. Need to Correlate RS and ATF Results

NI20 (PAT)-- XINPUT -- RS at Node NI20 (PA1)-- XINPUT -- ATF at Node
15 —— .

, ———— — T . ——————r 40
e [OPTIONZ NoSmooth) : :
Wean (OPTIONZ SP10)

T
e TE-Mean (Option2 NoSmooth) |
o TFU-Mean (NoSmoath)
T Wean {Option2,SP10)
35H B TFU-Mean (SP10)

05+

Frequency (Hz)

Frequency (Hz)

“Spurious” ATF Peak Produced by

the Interpolation Function
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Computing Nodal Accelerations (MOTION)

Ana lysis Options

Operation Mode Type of Analysis

¥ Solution (¥ Seismic

" Data Check " Foundation Vibration
Output Cortrol

| Output Only Transfer Functions

[ Save Complex Transfer Function

Modal Output Data
Mode List

1.4652,151,158

Add | Edit

ncoherent SRSS Input

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

Baseline Comection

" Mo Comection

Last Frequency

¢ With Comection

Response Spectrum Data
First Frequency

Damping Ratios

1 SRSSTE.TXT

0.1
of Freq. Stepz  |100

Interpolation Option |2
Time History Steps Skipped |1 Phase Adjustment
Total Duration to be Plotted |20 Smoothing Parameter |0

o X Y 2 XX Yy Z7

[ Printed Plot of Transfer Function:

[ Save Time History of Requested Response
[ Plot Time History of Reguested Response
| Plot Acceleration and Velocity R. S.

[ Save Acceleration and Velocity B 5.

[ Print Maximum Requested Response

File
[ File Contains

Delete |

Convert Time History to Response Spectrum
[ Select Extemal Files

Input Time Histary Files

CONTRRS.TXT

Fost Processing Options
| Save TFin all poirts

[ Save ACCin all poirts
[ Save RSin all pii

|n.[:-2,[:-.|}5

Acceleration Time History Data

of Fourier Components

First Record
Last Record

MOTION Module
computes transfer
functions, TFU and TFI

O files, motions, ACC
X files, and response
A spectra, RS at selected
00T nodes, RS files.

4096

p of Cortrol Motion {0005

Title |Newmark-HaI| Spectru | | |

Des'Includes 6 TF interpolation algorithms and explicit input
parameters for error smoothing & phase adjustment.

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

Saving Results, TFU, ACC and RS for Post-processing.
Restart is used for generating frames for contour,

’— deformed shape plots and animations
o

S—
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Md 3706-EUB-Z7 Option 1 - Smoothing 0 0I706TR_ZTFI Md 3706-EUB-77 Option 1 - Smoothing 10

03706TR_ZTFI e
037068TR_Z.TFL — 03706TR_ZTFU e

| | I B H H H HE | H H H ] H H i HE | H H H H | H H H H
o celionon = Option 1 (SASSI1982) F
= Option 1 (SASSI1982 = . i
- Ng Error (Smoothing ) s |= Error Smoothing Parameter = 10 ]

;I Best Results
- 3 Option 1 =
— I ; 7 Smooth Parameter =10
A | A
I/ = ‘\ ]
{5==k -
= fi— T ‘ = I,,Iha '--I- = 1

Md 3706-EUB-ZZ Option 0 - Smoothing 0 03705TR_Z 7RI Md 3706-EUB-ZZ Option O - Smoothing 10 0370BTR_Z TF|
03706TR_ZTFU —_— 03706TR_Z.TFU e

- Option 0 By Default (SASSI2000)

* Option 0 By Default (SASSI2000)

(i)
il

C No Error Smoothing e Error Smoothing Parameter = 10 "T
q
- -

3

2r \h‘ iﬁ_‘.—-*-_— 2 \ nl'li:_—
! 3 iy ¥ : i
T F"#' 7 Fee] A
¥ ; S ==
4] 10 148 20 25 30 5 10 15 20 25 30
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Node 118 YZITF

10

= QOriginal Interpolation
I —— Smooth Interpalation (P=25)

= Computed Solution

Spurious peaks using the original SASSI
interpolation for 201 selected frequencies.
\ These spurious peaks were not recovered,

/

when we selected a larger number of
frequencies; we considered 201, 224, 493

\ / and 2048 frequencies (several test problems

| done also by ARES under EPRI studies).

10

100
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Including ATF Interpolation Error Smoothing. Results Using New Option 2.
Wlth Overlapplng Movmg Wmdows A (A1+A2+A3+A4+A5)/5)

TFE Mean(OpnonQ NoSmoothj § :
0 TFU-Mean(Option2 NoSmooth) |

TF-Mean(Option2,SP10) :
a TFU Mean(OpnonQ SP‘IO)

2L ..... No Smooth|ng, SP 0 | ...... ..... ................. ............ ........ ...... o
| ATF Interpolatlon Optlonz : o ; L

Includmg Smoothmg, SP=10
ATF Interpolation Option 2

-
n
I

Amplitude

05k ............ ........ ...... ..... .................... ........ ...... ..... ....................

Frequency (Hz)
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ATF Interpolation Error Smoothing Results for EPRI AP1000 Stick Model.
Comparisons for 224 SSI Frequencies vs. 2048 Fourier Frequencies

Response Spectra Response Spectra
Mode 29 X Direction Mode 29 Z Direction
AP1000 SRSS Combined Motion AP1000 SRSS Combined Motion
With Phase Adjustment, SP =10 With Phase Adjustment, SP =10
g- : : 18- ;
8 — 224 Frequencies 1 | 224 Frequencies
Tr 14+F
G- 12}
5k 11
4L 08F
3F 06F
2+ 0.4
1 0.2
0 2 N 3 4 b 4 b 4l 5 ; PR T R | D 2 11| " M . 5 » 1 11l M 5 - ..,|-\I
10" 10" 10’ 10° 10" 10" 10’ 10°
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Simulated Incoherent Interpolated ATF Using SASSI2000 (Option 0)
and SASSI1982 (Option 1) Interpolation Schemes

18—+ : —

TFI foption: 0] 5 S

TFI {option: 1)
@ TFU

1.6

12_ ______ - _________________ T _________ S (R R

Amplitude

Optlon O (SASSIZOOO) uses overlappmg wmdows

0.4 based on a weighted moving average scheme, ---------- |

., Option 1 (SASSI1982 -Tajirian's Ph.D. Thesis) |1
' uses non-overlapping windows. RN

10 10" 10
Frequency (Hz)
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(Mean) Incoherent Interpolated ATF Using Different Interpolation Schemes
FLEXIBLE (SP10PAO, MODES=10)-- XINPUT -- ATF

4.5

TFI-Mean{OPTIONO

{ Moo 5 ; S
TF-MeantOPTIONT) [ & @ | : S t
TF-Mean(OPTIONZ) | © & @ & i : A |
4_ |: ]I 3 ! R . . ! : - : Lol
{ )

TFI-Mean{OPTION4
TFI-Mean{OPTIOMNS

O  TFU-Mean SR : 5 SR I I
3_5_ .................. ........ ...... ..... , .................... ........ ...... ..... ,

X-Direction
Options 1: SASSI1982

Uses Non-Overlapping Windows
~ Options 4,5: New, ACS SASSI V230

N
n
|

Amplitude
%)
I

Option 0: SASSI2000
Uses A Weighted Moving Windows Averaging:
- A= ((((A1+A2)/2+A3)/2+A4)/2+A5)/2

-
on
I

0.5 Option 2: New, ACS SASSI V230
Uses An Unweighted Moving Windows Averaging:

A = (A1+A2+A3+A4+A5)/5

0 I i R B R R i I ;
10

Frequency (Hz)

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING



(Mean) Incoherent Interpolated ATF Using Different Interpolation Schemes
FLEXIBLE (SP10PAO, MODES=10)-- ZINPUT -- ATF

4.5

TFI-Mean{OPTIONO
TF-Mean{OPTION 1

( )

( Moo

TF-Mean(OPTION2) | @« & & i

4N ( |
( )

TFI-Mean{OPTIONA
TFI-Mean{OFPTIONS

O TFU-Mean P : : T : : L
B Y P ...... ..... , .................... ........ e ..... , .................... ........ ........ ...... L

et
8

Amplitude

[\

-
on

Frequency (Hz)



Effects of Phase Adjustment on Response Time History

uw / k(ﬁ A\{dh A MVALMW(\I‘ wﬁ “ﬂUIL'MUM ﬂ‘ﬂﬂ UJ\UﬁVﬂ No adjustment
i

: HN\ HMLMM\MM 'ﬂ ,Jl i M. A With adiustmen

i
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Spectral Acceleratior

5% Damped ARS at Node 145 (SCV Outrigger). Y-Direction, X-Shaking

——CLASSI

——SASSI-AS, Phase Adj
SASSI-SRSS

= SASSI Simulation Mean, Phase Adj

——SASSI-AS, No Phase Adj

No phase adjustment

2 has no visible effect...
E Provides close values
T with CLASSI Inco or
& SRSS SASSI
5% Damped ARS at Node 145 (SCV Outrigger). Y-Direction, Z-Shaking
16
SASSI-SRSS
14 ~——CLASSI
——SASSI-AS, Phase Adj
= SASSI-Simulation Mean, Phase Adj .
12 1] —sasSI-AS, No Phase Ad No phase adjustment
1 = SASSI Simulation Mean, No Phase Adj provides Iower
| response...

08

086

04

02

0
01 1 10 100

Frequency (hz)
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Amplitude

FRS Results With and Without ATF Phase Adjustment;
With Single Accel Input and Multiple Accel Inputs

0.8

Coherent
Mean-Coherent{GPT)
Mean( SP10FPAD Allmodes)
Mean{
Mean{ SP10PAD Modes=10)
-
(=

Mean(_ .......SP10PA1 Modes=10}

Mean PT SP']OPAO All Modes)

<
Ch
T

.WI’[h Phase Adjustment

No Phase Adjustment

—
I
T

<
(€Y
T

oL _— _______ ______ _____ =

‘SP1OPA1,A|| modesj ......... .......... ........ ...... ..... ................. ; . ........ ...... .....

] Ee— R T R _ ______ = ________________ o 1o _____

0.2 b RS T 0 R — Vo o S B NN

Frequency (Hz)
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Amplitude

<
o))

1.4

1.2

<
o

FRS Results With and Without ATF Phase Adjustment;
With Single Acc Input and Multiple Acc Inputs

Coherent
Wean-Coherent{GPT)

MWean(” © SP10PAD Al modes)
MWlean SP10RP AT Al modes) .
L Mean| SPI0PAO Modes10)| 1T g e _
hWlean( SP10PAT Modes=10)
Mean{GPT, SF10PAD Al Modes)

_ With Phase Adjustment —

I __________ _______ ______ _____ Nd Phase Adjustme-nt.

Frequency (Hz)
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Generating Frame Files of TF, RS and TH Options

Analysis Opticns - s @ — d a7 W - ﬁ
EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS MOTION | STRESS | RELDISP | AFWRITE
—Qperation Mode Type of Analysis Baseline Comection — — Response Spectrum Data
¥ Solution % Seizmic ™ No Comection First Frequency =
Last Frequency 100
" Data Check " Foundation Vibration % With Comection
Total Mumber of Freq. Steps I'IZ'I]
—Output Control e b
ampir i0s
[~ Output Only Transfer Functions Incoherent SRSS Input | o u5p =
[¥ Save Complex Transfer Function Interpolation Option ID :
Time History Steps Skipped |1 Phase Adjustment ID — Acceleration Time History Data
Total Duration to be Plotted I-i'[l'.ﬂ' Smoothing Parameter Iﬂ Nr. of Fourier Components 8152
~ Nodal Output Data Time Step of Control Mation Iﬂ-m
Node List Y Y CF XYY © 77 Multiplication Factor Iﬂ
1,18,25.45118,129,14
™ Printed Plot of Transfer Function: Maze. Value for Time History |ﬂ.1?ﬂ4
[~ Save Time History of Requeste: . .
[ Plt Time Histoy of Requeqed  O€NETALING all frame files of TF, RS and TH for all nodes
I™ Plot Acceleration and Velocity R. S. Last Record |g192
[~ Save Acceleration and Velocity R. 5. Title Iapx_acc.t:d
[ Print Maximum Requested Response
File IC:\GinninnkﬂF'lDDﬂ_STICH_E EL
add | Edt | Delete ||~ Fle-Cacicing Pairs Time Step - Acce
Convert Time History to Response Spectrum Post Processing Options TN
¥ Save TFin all points ¥ Restart for TF
I Select Extemal Files ¥ Save RSin all points ¥ Restart for RS
Input Time History Files ¥ Save THin all points :
\

QK I Cancel Help
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Computing Relative Displacements (RELDISP)

Analysis Options

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

— Reference Location and Direction

Complex TF File Name

Iﬂ-D&[I-DTH_X.TFI

—Output Control
¥ Save Rel Disp Complex TF

— Acceleration Time History Data
Mr. of Fourier Components

Time Step of Control Mation

Multiplication Factor

Mazx. Value for Time History |01
First Record

Last Record

AT

Title |Mewmar-Hall Spectrum
File D ssinWEWMHX.ACTC

™ File Contains Pairs Time Step - Accel

— Nodal Output Data

Node Mumber | X ¥ |Z |

245 XY |7

286 X

rdd | Bt | Deete |

)

Fost Frocessing Option
[V Save Helative Displacement in all nodes! [ Restart for Frame Generation \/
\ 7| ——

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

Restart is used for generating frames for deformed
shape plots and animations

RELDISP Module
computes transfer

and motions, THD
files for relative
displacements.

functions, TFD files,

o |

Cancel |  Hep |
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Relative Displacement (m)
> © ©

o
o
>

Group 3, Element 37 SYY

- ANSYS Force

ACS SASSI Force

4 | \II
LR Al A [
Y ulllillll

(V1]
1l

LR

©° 9
o
o

o
N

-0.08

2 4

10

12 14

Relative Displacement Node 570 - X Direction

ANSYS Force

ﬂ&v"

i

R

= ACS SASSI| Force

AMM [

|

WVVJJJJJIW L

0 2 4

6

8

Time (s)

10

12 14
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Computing Output Stresses (STRE;S)

Acceleration Time History Data
Nr. of Fourier Components 4056

Time Step of Control Motion (0,005
Frequency Set Mumber

Multiplication Factaor

11T

Max. Value for Time History  [0.1
First Record

Last Record 3001
Title |Newmark-HaII Spectrum

File |D:"-ssi"-.NE‘."a'MHX.ACC
[ File Containg Pairs Time Step - Accel

Analysis Options
EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION STRESS | RELDISP | AFWRITE |
Operation Mode | [~ Type of Analysis Blement Output Data
{* Solution {* Seismic
" Data Check | | ¢ Foundation Vibration | | | Group | Element List . Add
Cutput Control - ] Edit
[T Auto Computation of Strains in Soil B, Save stress TFU —
[ Save Stress Time Histories nw/ : 5
|v Cutput Transfer Functions and TFI files
e e STRESS Module Computes
e e b v || I Stresses/Strains Forces/Moments
T B v\ [ Componerts in Selected Structural or Near-Field

{* Force 1-Direction - Node |
arce 2-Direction - Mode |

Soil Elements

TS e T

" Force 3-Direction - Node J

" Moment 1-Direction - Mode J
" Momert 2-Dirzction - Node J
" Moment 3-Direction - Node J

TV

Component Regquest
" No Request
{* Print Only Maxdmum Respongse

Includes 6 TF interpolation algorithms and

" Print Maimum and Save Time . ,
optional TF smoothing.

Fost Processing Options
[ Save Max Valus [ Restart for Modal Stress Contours

[ Save Time History | Restart for Soil Pressure Contours
= — I

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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STRESS TF INTERPOLATION ISSUES

Longitudinal View #1 Spurious Interpolation Peak

in SXY Amplitude TF
(red spot) ELEMENT 215

tean Soil - SXY - Group 33 - Subgroup 1

75.00000

56.25000

37.50000

18.75000

Maximum SRSS In-Plane Shear Stress SXY f

0.00a00

f

|
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In-Plane Shear Stress in ELEMENT 215
(markers are for computed TF values and line is for interpolated TF values)

1000000

100000

10000

1000

100

1

.1

—

\

Huge interpolation peak in SXY TF
More than 3 orders of magnitude higher!

Please note that here the SASSI2000 stress
interpolation TF algorithm was used.

———E215TFI Y Dir
@ E21I5TRFUY Dir

JE

Tﬁ [\IJ\V)‘\ L

0 5

10

15 20 25 30
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New Stress Computatlon and Plotting Options

Analj.rsls Options 1'_'=L ﬁ

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

— Operation Mode | — Type of Analysis — Blement Output Data
¥ Solution ¥ Seismic I|
" DataCheck | | { Foundation Vibration % v e

~ Output Cortrol Improve stress accuracy. Compute and save
E e stress TF using different interpolation
¥ Output Transfer Functions T schemes. Select stress TF interpolation
e T option. See next slide for MOTION. Same

Interpolation Option

_comeene— Options. Can verify results with PREP/TFU-TFI
" Force XX-Dir pIOtS

\77

Smooathing Option
\

— Acceleration Time History Data ——————————— " Force YY-Dir_
Mr. of Fourier Components |5152 & Force XY -Diraction ) | L
Time Step of Cortrl Motion  [0005 | | | Moment XoDiectin Post-Processing for stress and
Frequency Set Number [ ||| Moment Y¥Direction seismic pressure contour plots

= Moment XY-Direction
Multiplication Factor I'I
—Component Request

Max. Value for Time History " Mo Request

T—
First Record o
P~

Restart options are used after a
Respogs selection of stress time frames is

> d ) i
st Record (" Pt Maximum 56d Save fn |1\ 2 dle (automatic in PREP/Batch)
Title IHG 1.60 Kinput / Post Pmcessingﬁptinns /
File ICZ\SSP\HG'IE"]X-EICC WV Save Max Value ¢ {Restart for Nodal Stress Contours;
[” File Cortaing Pairs Time Step - ANel v Save Time Histary Restart for Soil Pressure Contours
Frame Selection I :

0K Cancel | Heb

73
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Save Inputs for SS| Analysis Run (AFWRITE)

Analy‘sls Options

EQLIAKE] SOIL | SITE | POINT | HOUSE | FORCE | ANALYS | MOTION | STRESS | RELDISP AFWRITE |

v SOIL

v SITE

v POINT

v HOUSE
| FORCE
v ANALYS
[ COMBIN
v MOTION
v STRESS

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

QK Cancel Help
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ACS SASSI Post Processing Capabilities

8oy I o
Model File Batch [W] Options  Window View Help
ﬁléléll £ ﬁﬂéll I8 Model 3 Elements B j ;iil | j Ii
Tirne History F& Modes
M TFU-TFI Curves ?Iﬁl %lilﬂlﬂl
:@Dutput Seil Layers Fi @
LOAD MODEL MNIS pectrum F&
:;: MCDEL WIS Suipedance
Soil Property Fa
Bubble Plot . .
Vector TE Plot Visualize only nodes
Contour Plot \ k NOTES
Deformed Shaps - Interaction nodes are plotted

as red dots

- You can select node numbering
In Window Settings

-You need to type command SAVE
before plotting nodes

Compare computed and
interpolated TF for
acceleration and stresses

New useful plotting capabilites
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Checking SSI Interaction Nodes

& ACS-SASSI Prep - [SASSI Node Plot]

Bl

MUM

[£8l Model File Batch Plot Options Window View Help - |5 =
|g| &% 908 4d- =2 X R &l[save = A
145 &3] Sl5 =] W sME] Hola] 23]
. ) Red dots are
&ov 4 Interaction nodes
: . p -You can zoom
f-{-}-‘_";?:-., exdy : and select to
o ‘ Ut .,.r“-'
b i 4% art’s  shownode numbers
£ e = - as s -Youcanselect to see
ol l'. ] . .. . 'b:.-
L R only some groups of
S e T e L elements
.i:; .-: ‘ .: ::-';E * E:' ': 4 ‘{ :': --": :; "'.
..: .- - .."' -: ‘.'l'" ”}:: ‘F' - :. ? ?":":' '.’ "-':.
TR O i S EE
L R :...*R':'.-"i;'l . "_F"f.-i'!".". * f‘:"‘:ﬁ '
I R R 4.. o i= J'.E:' fE._‘-'g -“,i .:- *
AR R RN g T S e R B X
50 el 8 iR gt ik
/; PR Ry 4 N TS N -'-fzri i .
NG
4 /é' et -4 s SN B A S SR el :.égi;n:;? 'f:
A A #o et L <3 T g S ;,:rf;r-.-,tfi-t'
ﬁ 2 r ﬁ : KA '.HF el bl o .lig AL AN
—H RIS S s B4R N e o
e "0 -'..- Ml LIRSl B B N
|

|
L For Help, press F1

/6
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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. SNOOL1.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

TRAINING




Frame Files for Post-Processing

RS Frames Naming Scheme

RS## freq_filenum | e.g. \RS\RS01_000.10_00001

## = Damping number

freq =| frequency

fnum =| Frame number

TFU Frames Naming Scheme

TFU_freq_filenum | e.g. \TFU\TFU_000.02_00001

freq =| frequency

fnum =| Frame number

ACC Frames Naming Scheme | e.g. \ACC\ACC_00.000_00001

ACC_time_filenum

time =| time

fnum =| Frame number

THD Frames Naming Scheme | e.g. \THD\THD_00.000_00001

THD_time_filenum

time =| time

fnum =| Frame number

Stress Frame Naming Scheme

stress_time_fnum_comp | e.g. \NTRESS\stress_00.000_00001_sig

time =| time

fnum = Frame number

comp = Stress Component

sig Solids Normal Stress
Shells Membrane Stress
tau Solids Shear Stress
Shells Membrane Shear
bdsig Bending Stress (shell elements only)
bdtau Bending Shear (shell elements only)
Soil Pressure Frame Naming Scheme
press_time_fnum_type e.g. \SOILPRES\pres_00.000_00001_nod

time =| time

fnum =| Frame number

type =| Element Values or Nodal Values

ele Element Values

nod Nodal Values

ITRAINING




Frame Files for Post-Processing (cont’)

Maximum Value Frames

Stress
stress_ ABS_MAX_comp e.g. \NSTRESS\stress_ ABS_MAX_sig
comp =| Stress Component
sig Solids Normal Stress
Shells Membrane Stress
tau Solids Shear Stress
Shells Membrane Shear
bdsig Bending Stress (shell elements only)
bdtau Bending Shear (shell elements only)
Soil Pressure
press_ ABS_MAX_type e.g. \SOILPRES\pres_ABS_MAX_nod
type =| Element Values or Nodal Values
ele Element Values
nod Nodal Values
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Seismic SSI Response Structural Plotting Options

Bubble Plots — Static — Node Plots
Complex ATF Vector Plots — Animated — Node Plots

Contour Plots — Static or Animated — Element Plots with
Hidden Lines — Time Sequence or Selected Time Frames

Deformed Shape — Animated — Element Plots with
Hidden Lines — Time Sequence or Selected Time Frames

Show some real time examples.....

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING 80



Generating Frame Files of TF, RS and TH Options

Analysis Opticns - s @ — d a7 W - ﬁ
EQUAKE | SOIL | SITE | POINT | HOUSE | FORCE | ANALYS MOTION | STRESS | RELDISP | AFWRITE
—Qperation Mode Type of Analysis Baseline Comection — — Response Spectrum Data
¥ Solution % Seizmic ™ No Comection First Frequency =
Last Frequency 100
" Data Check " Foundation Vibration % With Comection
Total Mumber of Freq. Steps I'IZ'I]
—Output Control e b
ampir i0s
[~ Output Only Transfer Functions Incoherent SRSS Input | o u5p =
[¥ Save Complex Transfer Function Interpolation Option ID :
Time History Steps Skipped |1 Phase Adjustment ID — Acceleration Time History Data
Total Duration to be Plotted I-i'[l'.ﬂ' Smoothing Parameter Iﬂ Nr. of Fourier Components 8152
~ Nodal Output Data Time Step of Control Mation Iﬂ-m
Node List Y Y CF XYY © 77 Multiplication Factor Iﬂ
1,18,25.45118,129,14
™ Printed Plot of Transfer Function: Maze. Value for Time History |ﬂ.1?ﬂ4
[~ Save Time History of Requeste: . .
[ Plt Time Histoy of Requeqed  O€NETALING all frame files of TF, RS and TH for all nodes
I™ Plot Acceleration and Velocity R. S. Last Record |g192
[~ Save Acceleration and Velocity R. 5. Title Iapx_acc.t:d
[ Print Maximum Requested Response
File IC:\GinninnkﬂF'lDDﬂ_STICH_E EL
add | Edt | Delete ||~ Fle-Cacicing Pairs Time Step - Acce
Convert Time History to Response Spectrum Post Processing Options TN
¥ Save TFin all points ¥ Restart for TF
I Select Extemal Files ¥ Save RSin all points ¥ Restart for RS
Input Time History Files ¥ Save THin all points :
\

QK I Cancel Help
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ACS MAIN Menu for Managing SSI Module Runs

ACS SASSI-C MAIN - OX
Model Fie JULE Run Al @ﬁons Window View Help

.%'%| G| \PREP F2 el |l | R .p|l. ﬁl
QUAKE F3 [~ EQUAKE Module
(OlL ~ F4
(QUEF  FS [~ SOIL Module
SITE F6
PAINT  F7 [~ LIQUEF Module

HO\USE F8

S
A RUN ALL A

ANALYS Shift + F3 [ POINT Maordule

2 e Run Modules T
B L In A Selected Order TR

[~ FORCE Module
Run Modules

[7 ANALYS Maodule

K]
[ EQUAKE [~ COMBIN Module
sl

[~ solL

[~ MOTION Module
Cancel

[~ LIQUEF [~ STRESS Module
Help |

[~ SITE

RUN [~ POINT
Run Modules ¥ House
One-by-One Y

[v ANALYS
[~ COMBIN
[~ MOTION
[v STRESS

. . MNumber of Bun
Nonlinear SSI lterations
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ACS SASSI MAIN Input File Converters

oy L “ e "'"‘m:
Model File [Run | Run All Options Window View Help
PREP =@ ][50 €60 W2
EQUAKE [T EQUAKE Module
|
SOIL
[ S0IL Module
LIQUEF |
SITE [ SITE Module
POINT I
HOUSE [~ POINT Module
|
il [~ HOUSE Module
FORCE |
ANALYS Shift + B ||_ FORCE Module
COMEIN shift + F4 ™ AMALYS Module
MOTION Shift + F5 |
STRESS Shift + F& [T FINT Module
RELDISP Two converters to translate
| ANSYS (CDB files) input or l" COMBIN Mode
COMVERTERS ) )
- SASSI input into the [~ MOTION Madule

BATCH ACS SASSI PREP input format |

[~ STRESS Madule

D:\ssi\Post-Processing-Files\Vogtle\NISS NISSIV Y
OJ
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ANSYS (cdb) or SASSI2000 Input (.hou,.sit,.poi)
Converter to ACS SASSI Input

gty Prep File Converter (Beta) V 0.1.0

Convert File
Input File Mame

Exit

i’

MNI20AMNSYS.CED

Dutput .Pre

MI2Z0AMSYS.PRE <

A
o, N

Input File Format
(71 SASSI Fixed Format

@ ANSYS Ver 11.0 .chd File Enter Value of Gravity 32.2

Disclaimer : The file converter has had limited testing and may provide inaccurate data in some
cases. Please check all models for accuracy before simulation.

Copyright 2009, Ghiocel Predictive Technologies Inc.  www.ghiocel-tech.com
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ANSYS CDB file to ACS SASSI PRE file Converter

FE Model

The converter program will work with the
following elements only

* BEAM4

« COMBIN14

 BEAM44

e SOLID45

e SHELL63

* MASS21
For BEAM4 and BEAMA44 elements, the |, J,
and K nodes must be defined.

For COMBIN14 elements, the spring
direction must be set using KEYOPT(2) and
KEYOPT(1) must be 0.

The material properties need to be
changed after the model is converted.
ANSYS uses density for materials, while ACS
SASSI uses specific weight. The material
data from the converter output file must be
multiplied by gravity to get the correct

material property for the SSI analysis.
85
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Automatic Frequency and Stress Selections,

&y ACS-SASSI Prep I % % %Hﬂiu

PModel  File | Batch | Plet Options Window View Help

|=| %|x|

L8| &°
%I |Ifreq

=i

Automatic frequency selection

based on automatic identification of
interpolated TF peaks for a number of FRS
locations, or for a number of structural
elements.

Need to make a batch text file as explained in
the slides # 10-16.

Batch runs for operation on many
FRS locations: include SRSS, saving images,
enveloping, broadening, etc.

Automatic selection
of critical times for
stresses to select frames
for the automatic
animations (up

r to 5000 frames)

|CAP |MUM | A‘
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Batch Post-Processing Response Spectrum Curves

Compute Average of Several Spectral Curves (up to 15 curves per operation)

This batch file is used to compute the average of three FRS or ATF inputs. Output file
name is 00566TR_XO01.RS.

Number of Curves
Batch text file:

Average

./O0566TR_XO01.RS
Blank Line

./XDIR/00566TR_X01.RS
./YDIR/00566TR_X01.RS
./ZDIR/00566TR_XO01.RS
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Enveloping and Broadening Several Spectral Curves (up to 15 curves per operation)

This batch file is used to compute the broaden of six inputs. Output file
name is 00565TR_X01 BRD.RS.

Number of Curves
Batch text file:

Enveloping & Broadening
1 /

61./00565TR_X01 BRD.RS
015
./00565TR_X01_SLB.RS
./00565TR_X01_SM.RS
./O0565TR_X01_SUB.RS
./00565TR_X01_BLB.RS
./00565TR_X01_BM.RS
./00565TR_X01_BUB.RS
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Creating Images of Several Spectral Curves (up to 15 curves per operation)

This batch file is used to plot three curves. Output image file name is
00566TR_X01 SUB.BMP. This image title is “Original Inputs”.

Number of Curves
Batch text file:

Capture Image

30./00566TR_X01_SUB.BMP
1011 Original Inputs
./XDIR_/00566TR_X01.RS\
./YDIR/00566TR_X01.RS
./ZDIR/00566TR_X01.RS

Title

Ticks and Log
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Compute SRSS for Co-Directional Spectra (3 curves per operation)

This batch file is used to compute SRSS of three inputs. Output file name is
00566TR_X01 SUB.RS.

Number of Curves

Batch text file: SRSS
1 /

32./00566TR_X01 SUB.RS
Blank Line
./XDIR/00566TR_X01.RS
./YDIR/0O0566TR_X01.RS
./ZDIR/00566TR_XO01.RS
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Batch Processing of Time Histories

This Example Combines 3 time histories by addition and saves the result in
New_Timehist.th

Time History Batch Text Number of Files

30 New—Fimehist.th

NUOUVY | J |

00001TR_X.acc

Algebraic Addition

00046TR_X.acc
00052TR_X.acc
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Batch Automatic Selection of SSI Frequencies

Batch Frequency Selection Option

The first number in the header line is the number
of files to use to find additional frequencies.
Input File

The second number in the header is the

/e—// /tolerance on the difference between the TFI and
5 95 30 TFU

00778TR_X
01057TR_X \ | | o
02098TR_X The third number in the header line is the
02190TR_X \ percent below the max for which peaks are
04970TR_X ignored .

\After the header line, the files sets to be checked
are listed without the file extension.

See Excel file
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Generating Frames for Structural Plots

{& ACS-SASSI Preg

Meodel  File Batch lPIcﬂ Options  Window  View Help

e8| &)%) ¢

7| [AFwRITE

A>|a|V]|E]

\'Dutput

LOAD MODEL apx

=] ¥ &| | El

mE| G|Mm|B.| a|a| 2]8]3% 2]

Model 4
Time History F&
TFU-TFI Curves

Soil Layers F7
Spectrum F&
Impedance

Soil Property Fa
Bubble Plot S—

Vector TF Plot\
Contour Plot

stick model, rock =site profile, X incoherent

\

Deformed Sha p%\

T

[ [num [sCRL 4

—

——
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Frame Files for Post-Processing (cont’)

Maximum Value Frames

Stress
stress_ ABS_MAX_comp e.g. \NSTRESS\stress_ ABS_MAX_sig
comp =| Stress Component
sig Solids Normal Stress
Shells Membrane Stress
tau Solids Shear Stress
Shells Membrane Shear
bdsig Bending Stress (shell elements only)
bdtau Bending Shear (shell elements only)
Soil Pressure
press_ ABS_MAX_type e.g. \SOILPRES\pres_ABS_MAX_nod
type =| Element Values or Nodal Values
ele Element Values
nod Nodal Values
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Automatic Selection of Frames for Vector TF Plotting

Vertical TF Frame Selection Option
Input File: *.tfani

The first line is the number of

1 29—t

C:\AP1000_STICK\XDIR\TFU

TFU_000.
TFU_000.
TFU_000.
TFU_000.
TFU_000.
TFU_000.
TFU_000.
TFU_000.
TFU_001.
TFU_001.
.20_00011
.29_00012

TFU_001
TFU_001

TFU_001.
TFU_001.
.59_00015
.68_00016

TFU_001
TFU_001

TFU_001.
TFU_001.
TFU_002.
TFU_002.

02_00001
17_00002
34_00003
49_00004
59_00005
68_00006
78_00007
88_00008
00_00009
10_00010

42_00013
49_00014

78_00017
88_00018
00_00019
10_00020

T

\

files to create the frame: files
from 1 to 20 by increments of 1

\The second line is the directory

of the 20 files.

20 files’ name are listed.
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Automatic Selection of Frames for Deformed Shape
Plotting of Response Spectra

Frame RS Selection Option
Input File: *.rsani

The first line is the number of

1 29 1

C:\AP1000_STICK\XDIR\RS

RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.
RS01_000.

20_00001
21_00002
22_00003
2300004
25_00005
26_00006
2700007
29_00008
30_00009
32_00010
34_00011
36_00012
37_00013
39_00014
42_00015
44_00016
46_00017
49_00018
51_00019
54_00020

T

files to create the frame: files
from 1 to 20 by increments of 1

\ The second line is the directory

of the 20 files.

- 20files’ name are listed.
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Automatic Selection of Frames for Deformed Shape
Plotting of Time History

Time History Frame Selection Option
Input File: *.thani

The first line is the number of

1 26—

C:\AP1000_STICK\XDIR\ACC

ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.
ACC_00.

000_00001
005_00002
010_00003
015_00004
020_00005
025_00006
030_00007
035_00008
040_00009
045_00010
050_00011
055_00012
060_00013
065_00014
070_00015
075_00016
080_00017
085_00018
090_00019
095_00020

T

\

files to create the frame: files
from 1 to 20 by increments of 1

\ The second line is the directory

of the 20 files.

20 files’ name are listed.
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Frame Plotting and Combination Examples For
MOTION TFU, RS, ACC and RELDISP THD Files

ACC _Combined.thani

1 3000 1
AIncoherent\Combined\ACC

Frame_Combine.txt

17602

3 1 \Coherent\Combined\ACC\ACC_00.000_00001
A\Coherent\XDIR\ACC\ACC_00.000_00001
\Coherent\YDIR\ACC\ACC_00.000_00001
\Coherent\ZDIR\ACC\ACC_00.000_00001
3 1 \Coherent\Combined\ACC\ACC_00.005_00002
\Coherent\XDIR\ACC\ACC_00.005_00002
\Coherent\YDIR\ACC\ACC_00.005_00002
\Coherent\ZDIR\ACC\ACC_00.005_00002
3 1 \Coherent\Combined\ACC\ACC_00.010_00003
A\Coherent\XDIR\ACC\ACC_00.010_00003
A\Coherent\YDIR\ACC\ACC_00.010_00003
\Coherent\ZDIR\ACC\ACC_00.010_00003
3 1 \Coherent\Combined\ACC\ACC_00.015_00004
\Coherent\XDIR\ACC\ACC_00.015_00004
\Coherent\YDIR\ACC\ACC_00.015_00004
\Coherent\ZDIR\ACC\ACC_00.015_00004
3 1 \Coherent\Combined\ACC\ACC_00.020_00005
A\Coherent\XDIR\ACC\ACC_00.020_00005
A\Coherent\YDIR\ACC\ACC_00.020_00005
\Coherent\ZDIR\ACC\ACC_00.020_00005
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ACC_00.000_00001
ACC_00.005_00002
ACC_00.010_00003
ACC_00.015_00004
ACC_00.020_00005
ACC_00.025_00006
ACC_00.030_00007
ACC_00.035_00008
ACC_00.040_00009
ACC_00.045_00010
ACC_00.050_00011
ACC_00.055_00012
ACC_00.060_00013
ACC_00.065_00014
ACC_00.070_00015
ACC_00.075_00016
ACC_00.080_00017
ACC_00.085_00018
ACC_00.090_00019



Frame Selection for Contour Stress Plots
for STRESS THS Files

* contani

1 30001
Frames.txt \Combined\

stress_00.000_00001_sig
stress_00.005_00002_sig
stress_00.010_00003_sig
Stress Frames stress_00.015_00004_sig

2

2 Step ] stress_00.020_00005_sig
stress_00.025_00006_sig

2 stress_00.030_00007_sig

stress_00.035_00008_sig
"""" stress_00.040_00009_sig

3000

2332 stress_00.045_00010_sig
.. Soil Pressure Frames stress_00.050_00011_sig

Narp. Nmax stress_00.055_00012_sig
2998 grp, . stress_00.060_00013_sig
2999 Groups j, 1 stress_00.065_00014_sig
3000 stress_00.070_00015_sig
35000 stress_00.075_00016_sig
8910

stress_00.080_00017_sig
stress_00.085_00018_sig
stress_00.090_00019_sig
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Batch Automatic Selection of Animation Frames for

Contour Stress or Soil Pressure Plotting
Batch Frame Selection Option

Input File

The first number in the header

20€<—9°9

SHELL_013= /4_SXX.THS
SHELL_013_02276_ HS

SHELL_013_01337_SXX.THS

SHELL_013_00576_SXX.
SHELL_013_01645_SXX.
SHELL_013_01891_SXX.
SHELL_013_01920_SXX.
SHELL_013_02674_SXX.
SHELL_013_02185_SXX.
SHELL_013_02092_SXX.
SHELL_013_02458_SXX.
SHELL_013_02811_SXX.
SHELL_013_01430_SXX.
SHELL_013_01785_SXX.
SHELL_013_02249_SXX.
SHELL_013_01273_SXX.
SHELL_013_01488_SXX.
SHELL_013_00487_SXX.
SHELL_013_00372_SXX.
SHELL_013_00621_SXX.

THS
THS
THS
THS
THS
THS
TH§S\\\\\
THS
THS
THS
THS
THS
THS
THS
THS
THS
THS

line is the number of files to
use to find critical frames.

\ The second number in the

header line is the percent of
the node or element
maximum used to identify the
critical frames.

After the header line, the files
sets to be checked are listed.
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Batch Processing for the Combination of Frames

This Example Combines Three frames by summation and SRSS and saves
the results to Test. Combin_Frame.out AND Test Combin_Frame2.out

Algebraic Sum

Frame Combination Text:

est_ Combin_Frame.out
M
A\THout_00002 ]
\THout_00003 Number Of Files

3 in_Frame2.out

\THout_0000
\THout 00003

SRSS
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C. ACS SASSI Configuration and Use

Modular Configuration
Restart SSI Analysis Runs

Building A Seismic SSI Analysis Model
Hands-on Session ...
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ACS SASSI Modular Configuration

Input Analysis Results
FORCE
EQUAKE MOTION
e
Complex TFU
ol ?

RELDISP

STRESS

=0
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Description of SSI Modules

1. EQUAKE

The EQUAKE module generates earthquake accelerograms that are compatible with given
ground response spectra. The input file has extension .equ and it is created by the ACS
SASSI PREP AFWRITE command. A time-varying correlation can be specified for the
horizontal components.

The user can also use recorded accelerograms to control the phasing for the generated
three-component accelerograms. The generated accelerograms are then be input in the site
response analysis and SSI analysis through SOIL, MOTION and STRESS modules. For RG
1.60 spectrum can also check the PSD target criterion required by SRP 3.7.1 (for details on
this, see also the V&V problem # 29 in the Verification Manual of the NQA version).

The NQA version EQUAKE in addition to the requested output files will produce optionally a
file with extension .psd that is a comparison of the calculated PSD versus target PSD for the
RG 1.60 spectrum as defined in SRP 3.7.1.
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2. SOIL

The SOIL module performs a nonlinear site response analysis using an equivalent linear
model for soil hysteretic nonlinear behavior. The input file has extension .soi and it is
created by the ACS SASSI PREP AFWRITE command.

The SOIL module is based on the SHAKE code methodology with some additional
programming improvements done over years. The computed equivalent soil properties can
be sequentially used in the SSI analysis. In addition to the output file, SOIL produces also
other text files with extension .TH that are response time histories for plotting purposes.
The TH files include time histories for accelerations (ACCxxx), soil layer strains (prefix
SNxxx) and stresses (prefix Ssxxx). The xxx notations refers to free-field soil layer number
(numbering is done from the ground surface to the depth).

SOIL also produces the text file File73 that contains the material soil curves that are used
for the nonlinear SSI analysis by the STRESS module, and File88 with the iterated,
equivalent linear or effective soil properties that are used by SITE is nonlinear SSI option
is selected by the user.
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4. Module SITE

The SITE module solves the site response problem. The input file has extension .sit and
itis created by the ACS SASSI PREP AFWRITE command.The control point and wave
composition of the control motion has to be defined in the input files . The information
needed to compute the free-field displacement vector used is computed and saved on
disk in File1. The program also stores information required for the transmitting boundary
calculations in File2. The actual time history of the control motion is not required in this
program module, but later in the MOTION module. The soil motion incoherency is
introduced elsewhere, in the HOUSE module. In addition to the output and binary files
File1 and File2, SITE also produces the text file IncohDirection file that contains a flag
for the HOUSE module that is used when the incoherent SSI analysis option is selected.

5. Module POINT3 (or POINT2)

The POINT module consists of two subprograms, namely POINT2 and POINTS3 for two-
and three-dimensional problems, respectively. The input file has extension .poi and it is
created by the ACS SASSI PREP AFWRITE command.The POINT module computes
information required to form the frequency dependent flexibility matrix. The results are
saved on File3. File2 created by program module SITE is required as input. Thus, the
SITE module must be run before the POINT2 or POINT3 module.
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6. Module HOUSE

The HOUSE module forms the mass and stiffness matrices of all the elements used
in discretized model are determined and stored in File4. The input file has extension
.hou and it is created by the ACS SASSI PREP AFWRITE command. The discretized
model may include only the structure or also the irregular soil zone. The random field
decomposition for incoherent motions is performed in this module. The HOUSE
results for incoherent SSI are stored in File77 to be used by ANALYS. If the user
wants to check the accuracy of the coherence kernel decomposition, HOUSE
produces the text file File16. File 16 could be a very large size file. Therefore, we
suggest select the coherence decomposition accuracy checking option only when it is
very needed and justified.

HOUSE also produces the text file File78 that is a non-empty file only if nonlinear SSI

analysis option is used. File78 is used by STRESS during the SSI nonlinear
iterations.
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The HOUSE module can be executed independent of SITE and POINT modules if the
coherent SSI analysis option is used. If incoherent SSI analysis option is selected, then
HOUSE has to be run after SITE.

HOUSE also incorporated an optimizer for node numbering. If the node renumbering
option is selected a new HOUSE input text file with extension .hownew is saved in the
working directory. This file contains the new optimized SSI model. This file will be used
by ANALYS for computing the SSI solution for the optimized SSI model. This node
numbering optimization can reduce significantly the SSI analysis run time especially for
large-size SSI models with significant embedment that require very large run times of
several thousand seconds per each SSI frequency.
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9. Module ANALYS

The ANALYS module computes the problem solution for the required frequency steps. The
input file has extension .anl and it is created by the ACS SASSI PREP AFWRITE
command. Files1, File3 and File4 are always required as input files. For external load
cases File9, and for incoherence analysis Files77 are also required as input.

ANALYS performs the following computational steps:

- Forms the flexibility matrix for the discretized model.

- Computes the impedance matrix for the discretized model.

- Determines the external load or seismic load vectors, including incoherency
effects

- Solves the equation system for each frequency step, using triangularization and
back-substitution algorithms and obtains transfer functions for each degree of
freedom.

The solution output computed by the ANALYS module contains the complex transfer
functions which depending on the option required are from the control motion to the final
motions or from external loads to total displacements.
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In either case, the SSI TF results are stored in File8 that is used by MOTION and STRESS
for computing SSI responses. Filed and File6 are unformatted SSI solution database files
with large sizes. These files are useful to be saved if repeated SSI reanalysis are needed,;
for example if the coherent SSI analysis is performed for a number of acceleration input time
histories; or nonlinear SSI is used; or if the incoherent SSI analysis is done using the
stochastic simulation or SRSS approach.

If the global, rigid body impedance analysis option is selected, ANALYS also produces
File11 that is a quite large size file (this option selection is to be avoided if rigid body
impedances are not needed by the user).

Interpolation of transfer functions in frequency domain and further output requirements are
handled by the modules described below.
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10. Module MOTION

The MOTION module reads the transfer functions from File8, and performs an efficient
frequency domain interpolation using a complex domain scheme based on the 2 DOF
complex transfer function model that has five parameters to be determined. The input file
has extension .mot and it is created by the ACS SASSI PREP AFWRITE command. The
interpolated transfer functions are then, used to compute the SSI response motions at a set
of nodes selected by the user.

Acceleration, velocity, or displacement response spectra may be requested in different
location points and degrees of freedom. The MOTION module requires only File8 as input.
If baseline correction is used (this is a much more approximate solution to get relative
displacements in a structure than using the RELDISP module), the nodal point motions are
saved on File13 which a formatted file.

In addition to the output file that could be often very large size (if time histories are saved),
MOTION produces specific text files for post-processing. These text files include the
extension .TFU, .TFI, .ACC, .RS files that contain nodal SSI responses for the three
translation DOF, respectively, the computed TF (TFU), interpolated TF (TFI), acceleration
time histories (ACC) and the in-structure response spectra (RS) for selected damping

values.
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These text file names are xxxxxTR_y.ext, where xxxxx is the node number, y is the DOF that
can be X, Y or Z, and .ext is the extension that can be TFU, TFI or ACC. For response spectra
files, the names are xxxxxTR_yzz.RS, where zz is the order number of the damping ratio value
(for example, 01 and 02 for two selected values of the damping ratio of 0.02 and 0.05). See
Table 1 for more details on the SSI response text files.

If the MOTION post-processing restart option is used, then additional text files for post-
processing are generated in the \TFU, \RS and \ACC subdirectories. These frame text files
contain the SSI response values computed for all active nodal DOF at each frequency step or
time step. These frame files are used by the ACS SASSI PREP module to create structural
bubble plots, TF vector plots, contour plots, or deformed shape animations. See Table 2 for
more details on frame text files.
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11. Module RELDISP

The RELDISP module uses the acceleration complex TF computed by MOTION (TFlI files) to
compute analytically the relative displacements at different selected nodes. The input file has
extension .rdi and it is created by the ACS SASSI PREP AFWRITE command. RELDISP
produces and output file with the computed maximum nodal relative displacements. It also
produce extension .TFD and .THD files that contain the nodal relative displacement complex
TF and the relative displacement time history. Their names are similar to extension .TFU and
ACC files produced by MOTION. See Table 1 for more details on the SSI response text files.

If the RELDISP post-processing restart option is used, then additional text files for post-
processing are generated in the \THD subdirectory. These frame text files contain the SSI
response values computed for all active nodal DOF at each time step. These frame files are
used by the ACS SASSI PREP module to create structural deformed shape animations. See
Table 2 for more details on frame text files.
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12. Module STRESS

The STRESS module computes requested stress, strain, and force time histories and peak
values in the structural elements. The input file has extension .str and it is created by the ACS
SASS| PREP AFWRITE command. The module STRESS requires File4 and File8 as inputs.
Stress time histories are saved on File15, and the computed transfer functions of stresses or
forces and moments are saved on File14. File15 and File 14 are text files. In addition to these
text files, STRESS also produces File74, if the nonlinear SSI analysis option is employed. For
nonlinear SSI, STRESS also uses File78 produced by HOUSE as an input.

In addition to the output file STRESS produces also some specific text files useful for post-
processing. These text files include the extension .TFU,.TFl and .THS that contain structural
element stress responses in each selected element, respectively, the computed TF (TFU),
interpolated TF (TFI) and stress time histories (THS). These text file names have the format
etype_gnum_enum_comp plus extension; for example, BEAMS_003_00045_MXJ that
contains the MX moment at node J for the BEAM element number 45 that belongs to Group 3.
See Table 1 for more details on SSI response text files.

The STRESS module in addition to the above files also generates an important text file
named ELEMENT_CENTER_ABS_MAX_STRESSES.TXT that contains the maximum

element stress components (calculated by STRESS) for all the selected elements by the user.
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If the STRESS post-processing restart option is used, then additional text files for post-
processing are generated in the \NSTRESS subdirectory. These frame files are used by the
ACS SASSI PREP module to create structural node stress contour plots, static (for a
selected time or for maximum stress values) or animated. The STRESS post-processing
handles only SOLID and SHELL elements for 3D SSI models. If the SSI model contains
both SOLID and SHELL elements, the frames include only average node stresses for the
membrane stresses. For the SHELL elements only, separate frames are generated for the
average node bending stresses (the file extension include letters bd from bending). See
Table 2 for more details on frame text files.

f the SSI model includes near-field soil elements that are adjacent to the foundation walls,
then the soil pressure frames can be generated. The soil pressure frames are saved in
\SOILPRES subdirectory. In addition to the seismic soil pressures frames at each time step,
a single frame with maximum soil pressures is also generated. The user can also create
total soil pressure frames including the static bearing pressures plus the computed seismic
pressures. The static pressure text file is named STATIC_SOIL_PRESSURES.TXT and is
generated when the soil pressure frames are requested. When it is generated the first time
by the STRESS restart analysis for soil pressure option, the static pressure file has only
zero values
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. Then, if the user inputs the non-zero static pressure values and runs again the STRESS post-
processing restart for soil pressure option, these non-zero static pressures are added to the
seismic pressures values using algebraic summation and the total soil pressures are saved in
the soil pressure frames stored in the \SOILPRES subdirectory.

If the soil pressure restart option is used, then, other two text files are generated, namely
pres_max_ele and pres_max_nod files. They contain the maximum element soil pressures
(calculated by STRESS) and the average nodal soil pressures (approximate values to be used
only for plotting purpose) in the SOLID elements that model the adjacent near field soil.

NOTE: It should be noted that the STRESS frame files contain average nodal stresses and
average nodal pressures to be used only for plotting purposes. The element nodal stresses and
soil pressures were computed directly from the SOLID element center stresses or pressures
(normal stress to the solid element face). The element nodal stress was assumed to be equal to
element center stress that introduce a certain level of approximation of the nodal stresses (no
shape functions are used). In addition, the nodal averaging process could produce stresses
and pressures could produce values that are difficult to interpret and use.
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The accurate stress and soil pressure values to be used by the analyst for the SSI
calculations and seismic design are the computed values in the element centers (that are
provided in the STRESS outputs, or the text files called
ELEMENT_CENTER_ABS_MAX_STRESSES.TXT and pres_max_ele), not the nodal
average values. However, the average nodal stress and soil pressure add invaluable
information for understanding the SSI model seismic behavior and for identifying the critical
stress zones, or critical pressure areas on the foundation walls and mat.

For the nonlinear SSI analysis option, STRESS generates the File74 after each SSI
iteration. File74 is then used by HOUSE for the next SSI iteration.
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12. Module COMBIN

The COMBIN module combines results computed for different frequencies from two
ANALYS runs. This module is useful when after the solution was obtained it is found that
some additional frequencies are needed to be included. The COMBIN module requires as
input two solution files of File8 type, renamed File 81 and File 82. The output file of this
module is a new File8 obtained by combining the two old solution files.
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Batch SSI Analysis Runs

If the SSI runs are done in the batch mode under a DOS window, then, a batch file needs to be
created. To run a SSI module in batch mode, the following DOS command is required:

SSI_module_name.exe < SSI_module_name.inp

where SSI_module_name could be SITE, or POINT or ANALYS. The SSI module executables
are installed by default in the ACS_C directory on the hard drive, and are also provided on the
ACS SASSI installation CD-ROM in the Batch. Each input file with the SSI_module_name and
the extension .inp contains only three input lines:

modelname
modelname.ext_input
modelname_SSI|_module _name.out

where ext_input is the extension provided by the ACS SASSI PREP AFWRITE command.
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Restart SSI Analyses

The restart analyses imply that large files (File 5 and File 6) were saved. The following
changes of problem parameters need different levels for the restart analyses:

Change in the Control Motion

Suppose results are required for a different time history (or response spectrum) of the
control motion. Then, as long as the nature of seismic environment, i.e., the type of wave
field, is not changed, only the module MOTION has to be re-executed.

. Change in Seismic Environment

Suppose that structure was originally analyzed for the effects of vertically propagated
body waves and that results are required for the case of incident Rayleigh waves
causing the same motion at the control point as in the free field. In this case only a part
of the SITE module and ANALYS module have to be re-executed.

If the incoherency of seismic motion is changed, then the HOUSE module has to be re-
executed also for creating a new File 77 for ANALYS input.
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Restart SSI Analyses (cont.)

3. Change in Structure or Near-Field Soil
|If changes are made in the superstructure or in the motion incoherency characteristics,

the HOUSE, ANALYS and MOTION modules have to be re-executed. Only Filed is
needed for restart.
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Flexible Volume (FV, Direct) vs. Flexible Interface
(FI-FSIN/Subtraction, FI-EVBN) Case Studies

In-House Sensitivity Studies
Special Reporting
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Flexible Volume Methods in ACS SASSI
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Fully Embedded Flexible Foundation (Soil Insertion) - FV vs. Fl Methods
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Bottom Center - FV vs. Fl Methods
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Top Corner - FV vs. FI Methods
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Deeply Embedded Concrete Pool (50ft x 80ft x 30ft)
Without and With Adjacent Near-Field Soil

Adjacent Soil

Interaction Nodes at Interaction Nodes at
Structure-Far Field Soil Interface Near Field Soil-Far Field Soil Interface

Mesh Max. Frequency = Vs/5h = 33Hz (V) and 20Hz (FB9
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No Adjacent Soil Included
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No Adjacent Soil Included
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With Adjacent Soil Included
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With Adjacent Soil Included

1.5 : S
- X-Direction
WITH ADJACENT SOIL
3
=
£
£
<C
=0 with soiI.FI
= with soil FV
—#— with soil F| top int :
=8 with soil FI aoverlapping mesh top int
=& with sail F| averlapping mesh :
= with soil FV overlapping mesh S |
o _ _ AR . :
i 10 134

10
F
2011 COPYRIGHT OF GP TECHNOLOGIES B\ &ww.ghiocel-tech.com - NOTES OF ACS SASSI



With Adjacent Soil Included
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Seismic Stresses for X-Input (Frame 903) — FV vs. Fl Methods
For Deep Uniform Soil, Vs = 1.000 , No Baserock
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Seismic Stresses for X-Input (Frame 903) — FV vs. Fl Methods
For Deep Uniform Soil, Vs = 1.000 , No Baserock
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Seismic Pressures for X-Input (Frame 903) - FV vs. Fl Methods
For Deep Uniform Soil, Vs = 1.000 , No Baserock
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Fully Embedded Rigid Cylinder Problem
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Fully Embedded Cylinder Bottom Edge - X-Direction
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Fully Embedded Cylinder Bottom Edge - Z-Direction
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Fully Embedded Cylinder Bottom Edge - FV vs. Fl Methods

TRAMSFER FUNCTION AMPLITUDE OF HORIZOMTAL MOTICON
Froblem 36, Mode 46, X Direction, s =700 ftis
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Fully Embedded Cylinder Bottom Edge - FV vs. Fl Methods

TRAMSFER FUNCTION AMPLITUDE OF HORIZOMTAL MOTICON
Froblem 36, Mode 46, £ Direction, Ws = 700 firs
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Flexible Interface FI-FSIN/Subtraction Results
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Flexible Interface FI-EVBN/Modified Subtraction Results
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Fully Embedded Cylinder Bottom Edge - FV vs. Fl Methods

TRAMSFER FUNCTION AMPLITUDE OF HORIZOMTAL MOTICON
Froblem 36, Mode 46, x Direction, e = 2000 ftis
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Fully Embedded Cylinder Bottom Edge - FV vs. Fl Methods

TRAMSFER FUNCTION AMPLITUDE OF HORIZOMTAL MOTICON
Frmoblerm 36, Mode 46, £ Direction, s = 2000 ftis
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Non-Uniform Soil Insertion Embedment Problem
Large Size Excavation (480ftx360ftx160ft )

1548 1658

1768

1564

108 901

205

Non-Uniform Soil,

/ 1 Variable between
885 2,200 fps and 6,000fps,
Excavated Soil Mesh Size = 30ft x 30ft x 20ft EPRI HF Seismic Input

Max. Trans. Frequencies = 15 Hz, 15 Hz and 22.5Hz
Cut-off Frequency = 25 Hz
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Highly Non-Uniform (Soil Insertion) Embedment Problem
Shear Wave (Vs) Soil Profiles for the 480ft x 320ft Horizontal Area
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Soil Profiles at the Four Excavated Soil Corners

Bemet e 7 Beret 17 it 0

‘ ~ Excavation Bottom

SW SE NE NW 154
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Soil Profiles at Center and Two Excavated Soil Corners

Beret 17 Emert 8 it 0
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Bottom Corner and Center - FV vs. FI Methods

Nonuniform Test-Coherent-Bottom Corner (Node 00001) for X-Input Nonuniform Test-Coherent-Bottom Corner (Node 00001) for Z-Input
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Acceleration (g)

X-Direction ~ =

Nonuniform Test-Coherent-Top Corner (Node 01768) for X-Input

Top Center and Corner - FV vs. Fl Methods
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Bottom Corner and Center - FV vs. FI Methods

Nonuniform Test-Coherent-Bottom Corner (Node 00001) for X-X Nonuniform Test-Coherent-Bottom Corner (Node 00001) for Z-Z
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Amplitude

X-Direction

Amplitude

Top Corners - FV vs. Fl Methods

Nonuniform Test-Coherent-Top Center (Node 01564) for X-X

Nonuniform Test-Coherent-Top Center (Node 01564) for Z-Z
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40 ft Embedded EPRI AP1000 Stick Model
Foundation Area = 254ft x 158ft Horizontal Area

b Half-Space
1)Soil, Vs = 1,000 fps,
- RG 1.60 with 0.3g
x 2)Rock, Vs = 6,000 fps,
29 ! EPRI HF with 0.3g
o S ——
,ﬁi”ﬂf= =
e8%7 =

95529 —
’ @ 7oA

Excavated Soil Mesh Size = 21ft x 13ft x 10ft

Vs =1,000fps: Max. Trans. Frequencies = 9.5 Hz, 15.5 Hz and 20Hz/Cut-off = 25Hz

Vs=6,000fps: Max. Trans. Frequencies = 57 Hz, 93.0 Hz and 120Hz/Cut-off = 75 Hz 160
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Recommendations

When selecting the substructuring approach for SSI analysis, the user should
make a trade-off between the required accuracy of results and the
computational effort involved.

The FV method is accurate, but very computational intensive, by this limiting
the size of the FE structural model. The impedance calculations are
proportional with the power three of the number of interaction nodes. It is not
uncommon that the FV method could take orders of magnitude longer that
the FI-FSIN method.

For this computational speed reason, the FI-FSIN method (implemented also
in SASSI2000 as Subtraction) was highly used over the last decades for
many SSI analyses of hazardous facilities.

For example for a SSI model having an excavation volume with an
excavation volume with 7 layers and a 16 by 11 horizontal grid, the initiation
SSI analysis run time on a regular PC workstation was 450
seconds/frequency for FI-FSIN, 600 seconds/frequency for FI-EVBN and
1,950 seconds/frequency for FV.
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For a deeply embedded SSI stick model with an excavation volume of 12 layers
with a 20 by 20 horizontal grid, the SSI analysis run times were 25
minute/frequency for FI-FSIN, 35 minutes/frequency for FI-EVBN and 600
minutes/frequency for FV. For the embedded EPRI AP1000 NI stick SSI model
with an excavation volume with 4 layers and 13 by 13 horizontal grid the SSI
runtime was 40 seconds/frequency for FI-FSIN, 70 seconds/frequency for Fl-
EVBN and 350 seconds/frequency for FV.

These SSI runtimes indicate that if we take the runtime of the FI-FSIN method as
a reference unit, then, the runtime of the FI-EVBN method is 1.25-2.50 times
longer, and the SSI runtime of the FV method is 4.0-24.0 times longer.

Based on these runtime comparisons, someone could conclude that FI-EVBN
offers a good accuracy for relatively much shorter SSI analysis runtimes than FV.
The larger the SSI model excavation is, the more effective the FI methods are in
terms of speed, with the condition that they maintain the accuracy of SSI results.
Because of the need to check Fl accuracy, preliminary sensitivity studies using the
Fl and FV method are always recommended when dealing with embedded
structures.
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In general, we recommend the application of the FI-EVBN method that provides
both numerical accurate and reasonable computational speed when compared
with the reference FV method. The FI-EVBN method is several times faster than
the FV method and only few times slower than the FI-FSIN method.

For the application of the FI-FSIN method for soil sites, we always recommend a
preliminary sensitivity study to check it against the FV tor FI-EVBN methods,
especially for situations with foundation excavation in very soft soils (or backfill
soils). The FI-FSIN could be sometime numerically unstable in the higher
frequency range depending on the surrounding soil stiffness and the excavation
volume configuration. For stiffer soil sites or rock sites, the FI-FSIN method is
expected to provide highly accurate results coincident with the FV and FI-EVBN
method results.

It should be also noted that the FV method is typically more robust to excavation
volume horizontal mesh size than the FI methods. The FI-FSIN is especially
sensitive to horizontal mesh variation in excavation volume. FI-FSIN becomes
unstable in higher frequency ranges much faster than FI-EVBN.

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp:\\www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING

167



For embedded SSI models, especially in soft soils, we always recommend
preliminary sensitivity studies using the three SSI substructuring methods, FI-
FSIN, FI-FSIN and FV, and different excavation mesh sizes before performing
the SSI production runs.

For these preliminary sensitivity runs the structure could be modeled much
simpler, since the focus on these runs is to investigate the excavation volume
behavior that affects the wave scattering around the foundation, not to produce
final, detailed structural results. Both horizontal and vertical SSI analysis runs
are recommended.

If the excavation volume size is too large for more refined meshes to run the FV
method, then SSI quarter models can be used for preliminary sensitivity studies
in order to validate the accuracy of the Fl methods for performing the final SSI
production runs.
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ACS SASSI Application to Linear and
Nonlinear Seismic SSI Analysis of Nuclear
Structures Subjected to Coherent and
Incoherent Inputs

Dr. Dan M. Ghiocel N e
Email: dan.ghiocel@ghiocel-tech.com ‘(ﬂ\\/\ S
Phone: 585-641-0379 N\

P,

Ghiocel Predictive T

Ghiocel Predictive Technologies Inc.
http://www.ghiocel-tech.com

PART 4
North Marriott Convention Center, Bethesda, MD
January 25-27, 2011
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DAY 3: January 27, 2011

Application of ACS SASSI Software to
Seismic SSI Analysis

Building SSI Models
Demo Problems

8:30am-12:00am
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ACS SASSI NQA Verification & Validation

Verification Manual includes 37 Selected SSI Problems
(more than 100 subproblems, 5,800 files, 480MB) to cover most
of the ACS SASSI functionalities:

- Verify Results Against Other Codes: SHAKE91, ANSYS, efc.
- Verify Against Analytical Solutions

- Verify Against Experiments

- Verify by Engineering Body of Knowledge/Judgment

- Verify by a) Result Accuracy and b) Expected Behavior
NQA Maintenance Service: Bugs and Error Reports, Periodic

and Focused Memos with comments, Technical Investigation
Reports (80 layers/2009, FV vs. FI methods/2010)
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ACS SASSI Version 2.3.0 Problem Size Limitations

The most important ACS SASSI Version 2.3.0 SS/ problem size limitations:

- Maximum number of SSI frequencies is 500 (1500 for MOTION, STRESS)

- Maximum number of soil layers is 125

- Maximum number of half-space layers is 20

- Maximum number of the time steps/Fourier frequency points is 16384

- Maximum number of damping ratios for response spectra computation is 5

- Maximum number of all SSI model nodes is limited by the hardware

- Maximum number of interaction nodes for global impedance analysis is
10,000
Maximum of 5,000 interaction nodes per embedment level for incoherent
SS| analysis. Up to 200 zones.
Maximum number of elements per group 500

- Maximum number of structural embedment node layers (sets with
interaction nodes with different Z coordinates) for seismic motion
incoherency analysis is 50

2011 COPYRIGHT OF GP TECHNOLOGIES - Hitp://www.ghiocel-tech.com - NOTES OF ACS SASSI TRAINING



Building A SSI Analysis Models

Step 1: Define Dynamic Inputs (Seismic Motion or Forces)

Step 2: Define Soil Layering

Step 3: Define Structure and Near Field Zone Using FE Modeling

Step 4: Define Seismic Motion Spatial Incoherency

Step 5: Select SSI Analysis Options (Assumptions, Methods, Parameters)
Step 6: Manage SSI Analysis Runs

Step 7: Post Processing for Extracting Results
Excavated Volume

PARTICULAR ASPECT: CAVITY (SOLID) ELEMENTS
Embedded Structure

Buried Structure

\; A= ; 7

\ < > < >
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Stick Models vs. FEA SSI Models
i

Same Dynamic
Properties

- Stick Models.
v / Labor Intensive
— y Calibration
Detailed 3D e Hidden Problem:
Structural - STICKS COULD
FE Model o BE NUMERICALLY
SENSITIVE

6
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Specific SSI Model Building Requirements

The user manuals contain a large number of comments on various SSI modeling aspects.
Top-level recommendations of node and element numbering:

- Soil layering to be numbered from ground surface to baserock

- Excavation volume nodes to be numbered from baserock to ground surface

- Excavation volume layers to be numbered from ground surface to baserock

- Excavation volume elements to be numbered from ground surface to baserock

We also recommend always check the consistency of your soil layer or material element
assignments for the soil excavation volume and the structural embedment part by revising
the HOUSE output (modelname_HOUSE.out).

For technical support please contact us by email at dan.ghiocel@ghiocel-tech.com.
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Example of the .Pre File for A Embedded Rigid Cylinder
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.PRE File Structure

- Comment lines starts by *

% Program title is defined by “TIT” command

TIT, EMBEDDED CYLINDER MODEL




NGEN command

« NGEN, /TIME, INC, NODE1, NODE2, NINC, DX, DY, DZ
Generates additional nodes from a pattern of nodes.

ITIME, INC

Do this generation operation a total of /TIME times,
incrementing all nodes in the given pattern by INC each time
after the first. ITIME must be > 1 for generation to occur.

NODE1, NODE2, NINC

Generate nodes from the pattern of nodes beginning with
NODE1to NODEZ2 in steps of NINC

DX, DY, DZ

Node location increments
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1 (x=0.0, y=0.0, z=0.0)
N, 1, 0.0, 0.0, 0.0 °

NGEN, 4, 1, 1,1,1,1,0,0 ° ° ° ° ° » X
1 2 3 4 5
o o o o o
6 7 8 9 10
NGEN, 3, 5,1, 5, 1,0,1,0 ° ° ° ° °
11 12 183 14 15 Y
o o [ ) [ )

1 2 3 4 5 21 22 23 24 25
° ° ° ° ° ° ° ° ° °
6‘ 7‘ 8‘ 9‘ 1‘0 2‘6 2‘7 2‘8 2‘9 3‘0

NGEN, 1, 20,1,20,1,0,0,1

11 12 13 14
° ° ) °

_L

(@) ]
o
U
3
o2
5

1‘6 1‘7 1‘8 1.9 2‘ 3‘6 3‘7 3‘8 3'9 4'0

o

Z=0.0 plane Z=1.0 plane
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.PRE File Structure

Input constrained displacement by “D” command:

* Boundary Conditions
D,1,414,1,1,ROTX,ROTY,ROTZ

Input interaction nodes by “INT” command:
* Interaction Nodes
INT,1,414,1,1,0

* Material Table Z Input material properties by “M” command:
M,1,1e+012,0.2,0,0,0,1,
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.PRE File Structure

nput soil layer table by “D” command:

Input element group information by “GROUP” command:

* Groups and Elements
GROUP,1,SOLID T
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.PRE File Structure

EINT command for solid element

EINT,1,440,1,1——

SET command for solid element




.PRE File Structure

Input solid element (Group #2) by “E” command:
GROUP,2,SOLID

E,1,278,279,277,277,347,348,346,346

E,2,279,280,277,277,348,349,346,346/

E,3,280,281,277,277,349,350,346,346
E.4,281,282,277,277,350,351,346,346

ETYPE 1,440 1 1 ETYPE” command for element group 2

EINT,1,440,1,2 —— EINT” command for element group 2

MSET 1.440.1.2 4 MSET command for beam element
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EGEN Command

« EGEN, ITIME, NINC, IEL1, IEL2, IEINC
Generates elements from an existing pattern.

ITIME, NINC

Do this generation operation a total of /TIMEs, incrementing all
nodes in the given pattern by NINC each time after the first.

IEL1, IEL2, IEINC

Generate elements from selected pattern beginning with /EL1 to
IEL2 in steps of IEINC

MINC

Increment material number of all elements in the given pattern by
MINC each time after the first.
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E.1,1,2,42,41,11,12,52,51 1 Element #1
54
1—2
T T T | E#4
EGEN,3,1,1,1,1 I P S I S S #
1-’/ 1:_/ oy il 1 el 3 (Old 1) (neW 2‘4)
sst s sy E#112
Y T T (old 1-4, new 5-12)
EGEN,2,10,1,4,1 | A8 88 B8
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.PRE File Structure

“EQTIT” command
EQTIT,

RSIN,1, ) ”
RSIN 2. % RSIN” command

RSIN,3,

RSOUT,2,

RSOUT,1, % “ROUT” command
RSOUT,3,

ACCIN,1, P ”
ACCIN.2. % ACCIN” command

ACCIN,3,
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.PRE File Structure

ACCOUT,1, “ACCOUT” command
ACCOUT,2,

ACCOUT,3,

SOIL,0,0,0,0,0,0,0,1,(8F10.6) % SOIL” command

RSOUT 1, “ROUT” command
RSOUT,2,

RSOUT,3,

SPRO1.2 % SPRO” command
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.PRE File Structure

* Model Options % “MOPT” command
MOPT,1,0,0,0

USING PREP ANALYSIS OPTION WINDOW DIALOGS

* Analysis Options Analysis options: “AOPT” command
AOPT,0,0,0,1,1,1,0,0,1,0,0,0

EQUAKE,O,O,O,O,OJ% EQUAKE” command
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.PRE File Structure

“SACC” command

SACC,1,0,0
\‘

SRS.1.0.0 4 SRS” command

“SSTR” command
SSTR,1,0,0,0,0

SSAF.1.0.0,0.0.0, % SSAF” command
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.PRE File Structure

“SFOU” command

SFOU,1,0,0,0,0,0 i

SPRO,2,1,
SACC,2,0,0

SRS,2,0,0 _
SSTR,2,0,0,0,0 % Repeating the command group

SSAF,2,0,0,0,0,0,
SFOU,2,0,0,0,0,0

“SITE” command

SITE,0,1,0,20,6,1,0,1,1000,1,0,0.005,2048,1 i‘
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.PRE File Structure

“TOPL” command

TOPL,1,1,1,1,1,1,1,1,1 .1 \

WAVE” command

POINT. 0.5.15.75 % POINT” command

“HOUSE” command
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.PRE File Structure

“INCOH” command

INCOH,0,0,0,0,1 \

“WPASS” command
WPASS,0,0,0

“FORCE” command
FORCE,0
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.PRE File Structure

“ANALYS” command

“MOTION” command

MOTION,0,1,0,0,0,0,0,0,0,0,0,0,0,0

THTIT” command
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.PRE File Structure

“THFIL” command

THFILE
™

STRESS.0.1.1.1 STRESS” command

* Frequencies
FREQ,1,1,10,20,30,40,50,60,80,100,120

FREQ,2,1,10
—
FREQ,3,1,10,20,30,40,50

“FREQ” command
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ACS SASSI Session
for Describing the .Pre File Structure
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Node Numbering Optimization

MODEL AA -
Bottom-Up S
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MODEL BA iRl
Bottom-Up L #futn

MODEL CD
Face-Small

MODEL ED
Face-Large

MODEL DCD
Face-Small Int
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THE RUNNING TIMES OF 5 SSI MODELS
(SMALL BOX 625 Nodes)

Model Type SSI Model Total Run Time (seconds)
With Full Embedment 2,837.40
AA With Embedment 2 Soil Layers 217.16
Without Embedment 89.059
With Fulll Embedment 2,787.42
BA With Embedment 2 Soil Layers 181.11
Without Embedment 97.156
With Full Embedment 2,775.80
CcD With Embedment 2 Soil Layers 189.50
Without Embedment 67.547
With Full Embedment 2,776.59
ED With Embedment 2 Soil Layers 254.60
Without Embedment 130.742
With Full Embedment 2,771.40
DCD With Embedment 2 Soil Layers 197.70
Without Embedment 66.641
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THE RUNNING TIMES OF FIVE MODELS
(LARGE BOX, 10,000 nodes)

Models . . Running Time of One Frequency,
(20HX50WX10D) Functions All Nodes All Interaction Nodes (seconds)
Without Embedment 10000 500 331.266
AA L Emf_’aegg::”t 5 Soil 10000 2500 693.652
With Em?_i‘:;:resm 10 Soil 10000 5000 1755.141
Without Embedment 10000 500 372.184
BA With Emfz;j';?sem 5 Soil 10000 2500 712.609
L Emﬁ’_i‘;r:;”t 10 Soil 10000 5000 1783.641
Without Embedment 10000 500 309.180
D L Emf_’aegg::”t 5 Soil 10000 2500 947.141
With Em?_i‘:;:resm 10 Soil 10000 5000 0753.523
Without Embedment 10000 500 1,478.602
£D With Emfz;j';?sem 5 Soil 10000 2500 2.423.352
With Em?_i‘:;:resm 10 Soil 10000 5000 4148.133
Without Embedment 10000 500 307.598
ocDh With Emfz;j';?sem 5 Soil 10000 2500 987.746
L Emﬁ’_i‘;r:;”t 10 Soil 10000 5000 2056.613
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THE RUNNING TIMES OF FIVE MODELS
(LARGE BOX, 10,000 nodes)

4,500.00

4,000.00 NO Embedment

3.500.00 B 5L Embedment
® 10L Embedment

3,000.00

2,500.00

2,000.00

1,500.00

1,000.00

500.00 -

0.00 -
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