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Purpose of This Presentation:

To answer to the following key questions:

- Is probabilistic SSI more accurate than deterministic SSI? Yes, but....
- Is deterministic SSI analysis providing the same non-exceedance
probability level for soil and rock sites?

- Are the RVT SSI approaches based on RS-PSD transformation
sufficiently accurate for application to complex nuclear structures?

Discuss the methodology effects the ISRS...

The ACS SASSI Version 3.0 with new Options PRO and RVT was used.
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ASCE 04-2015 Standard Probabilistic SSI Analysis

The new ASCE 04-2014 draft standard states that the purpose of the
analytical methods included in the standard is to provide reasonable levels of
conservatism to account for uncertainties.

More specifically, in the same section is written that given the seismic design
response spectra input, the goal of the standard is based on a set of
recommendations to develop seismic deterministic SSI responses that
correspond approximately to a 80% non-exceedance probability level.

For probabilistic seismic analyses, probabilistic SSI responses defined with
the 80% non-exceedance probability level are considered adequate.

Section 5.5 of the standard provides guidelines for the acceptable
probabilistic SSI approaches. The GRS spectral shape could be considered
with variable shape or not (Methods 1 and 2). Soil profiles, Vs and D, should
include spatial correlation with depth. Structural stiffness and damping should

be also modeled by dependent or negatively correlated random variables.
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Probabilistic SSI Analysis Chart
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Probabilistic Seismic Input Ground RS
Method 1 Method 2

. Same Spectral Shape (Scaling) Random Spectral Shape

| b
O 1 -

4 " Random N Random Soil
Scale Factor AM Amplification

> Model >

S,P .
- Correlation in Frequency....

More physics-based...
-~ More information required....

Full Correlation in Frequency.... Include Loc;al

Simpler... Soil Conditions <
Less information required.... |

--------

6
2015 COPYRIGHT GP TECHNOLOGIES, INC. NOTES FOR ACS SASSI WORKSHOP, TOKYO, JAPAN



Probabilistic Soil Profiles (at Low Shear Strains)
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Probabilistic Structural Modeling (Stiffness & Damping)
- Effective or iterated stiffness ratio Keff/Kelastic and damping ratio, Deff, are
modeled as statistically dependent pair of random variables for each element
group (with different stress levels).

- Keff/Kelastic and Deff can be considered negatively correlated, or having a

complementary probability relationship, or Deff be a response function of
Keff/Kelastic based on experiments

Longitudinal Shearwall Transverse Shearwall Deff = f (Keff/Elastic)

Mode 25719

Stiff Damp
0.01 020
010 017
020 015
030 013
040 011
0.50 010
0.60 0.09
070 008
0.80 0.07
0.490 0.06
1.00 0.05

Mode 14234

- Keff and Deff are defined separately for each element group.

8
2015 COPYRIGHT GP TECHNOLOGIES, INC. NOTES FOR ACS SASSI WORKSHOP, TOKYO, JAPAN



EPRI AP1000 Stick Probabilistic SSI Study

EPRIAP1000 NI Stick Model Experimental RS

118 18 Stff Damp
| 0.01 0.20

T E— 010 017

| 0.20 015
0230 013
040 0.11
050 010
060 009
070 008
0.80 007
0.90 0.06
1.00 005

242

Case 1: Soil Site, Vs = 1,000 fps Mean Values not

Allowable Values

Case 2: Rock Site, Vs = 6,000 fps
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Seismic GRS (Method 2) and Soil Profiles for Soil Site
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eismic GRS (Method 2) and Soil Profiles for Rock Site
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eterministic vs. Probabilistic SSI Analysis for Rock Site
UNCERTAIN STRUCTURE — Means: Keff/Kel=0.8 and Deff=7%
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Deterministic vs. Probabilistic SSI Analysis for Rock Site
UNCERTAIN STRUCTURE - Means: Keff/Kel=0.8 and Deff=7%
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EFKI AFT000 Stick Model (Coherent) - 100 Simulations - SOIL S e

SAME PROBABILISTIC STRUCTURE — Means: Keff/Kel =1 & 0.8 and Deff = 4% & 7%

5% Damping ARS - Node 118 - Direction Y

T — I
= 100 House Inputs(Mean) }‘IA
==== 100 House Inputs(84 %% Probabil |§{"

1 House Inputs(Mean)

mmm= ] House Inputs(84 %% Probabililyf
H T

“*--eleration (g)

0.5

N
n
T

Small
Effects

[
[}
1
L
(AR
LR
1y
H 1h
) [N
iy 1
&1 1E)
[ iy
1y [
Fr 1%
1y L)
11 Lo
I ¥ 1
x) L %1
i Ty
¥ [}
I )
1 LY
L

LY

s

"ectiOn:Y

SOILSITE

3.5

Frequency (Hz)

EPRI AP1000 Stick Model (Coherent) - 100 Simulations - ROCK SITE

5% Damping ARS - Node 118 - Direction X

= 100 House Inputs(Mean
== == 100 House Inputs(84%% Probability)

1 House Inputs(Mean)

Acceleration (g)

0.5

Direction Y

Large
Effects

Frequency (Hz)
2015 COPYRIGHT GP TECHNOLOGIES, INC. NOTES FOR ACS SASSI WORKSHOP, TOKYO, JAPAN

10'

Frequency (Hz)

Acce

Yo L/AMPINg ARG - NOQg 110 - LIrecuon £

Acceleration (g)

Top of ASB

e Inputs(Mean)
e Inputs(84%%
puts(Mean)

puts(84 %% Probability)

Probability)

Moderate

Effects

L
10°

Frequency (Hz)

[T, ~

[ORURNR
5% Damping ARS - Node 118 -

10

e}

- Smoothing

I I A T
ol o i e e i due to
oo 1 Houss InbutetB4% s Probabil A
| o Mps(B4% P A frequency
R LA | shifting
H ]
: : : B
: R ~ LWt | effects
: = b : HE 1}
Direction Z:; 3% [~ ="~
| - il |
[}
[y v
d Large S\ 1
: ket \

L : 3, '.\_ I b
3 Effects =«
2F H E H Y :\~'.'-"_--'---i--7.
10" 10°

; 1 4-'102




SMR Probabilistic-Deterministic SSI Analysis Study

200 ft

Y

— Excavated

Generic SMR Structure Soil
SMR size: 100 ft x 100 ft X 200 ft
Embedlrznent: 140 ;E[ 140 ft Embedment
Mesh size: 10 ft X 10 ft X 10 ft SMR SSI Model
Number of Nodes: 2,580 (use FV method)

Interaction Nodes: 1,815 15
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Probabilistic SSI Input Simulations
Using N LHS Samples
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SMR Probabilistic-Deterministic SSI Case Studies

SEISMIC INPUT:
We considered a typical UHSRS shape input corresponding to the baserock (Vs=9200 fps)
at the 5001t depth. Assume deterministic and probabilistic UHSRS shape at the 500 ft depth.

SOIL LAYERING:

Probabilistic SSI: We considered the 60 randomized soil profiles. The Vs and Damping for each
soil profile were considered as dependent random variables with lognormal distribution.
Damping variable is considered statistically dependent (varying inversely than Vs) as
recommended by ASCE 04-2015. Vs c.o.v. was 0.20 and Damping c.o.v. was 0.35. The Vs
profiles were assumed to have a spatial correlation corresponding to a 20 ft correlation length

Deterministic SSI: The deterministic LB, BE and UB soil profiles were computed as the 16%,
50% and 84% NEP for the Vs and Damping profiles.

SSI ANALYSIS:

Probabilistic SSI: We considered the 60 simulated in-column soil motions at the foundation
level for the embedded models, and simulated surface motions for the surface model.
Deterministic SSI: We considered the outcrop probabilistic mean response spectra of the 60
simulations as the outcrop FIRS. Then, we performed 3 SHAKE type deterministic analyses for
LB, BE and UB soil profiles to compute the in-column FIRS motions to be used for the

deterministic SSI analysis. 17
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UHSRS Seismic Input Defined at the Baserock
(with Vs= 9,200 fps) Situated at 500 ft Depth
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Probabilistic and Deterministic Soil Profiles
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Acceleration (g)

Probabilistic Outcrop and In-Column FIRS vs.
Deterministic In-column FIRS for LB, BE and UB Soils

In-Column FIRS

Incolumn - Nonuniform Soil - 500 Simulations

Outcrop FIRS

Qutcrop - Nonuniform Soil - 500 Simulations

Elevation 0 ft. - Horizontal

Elevation 0 ft. - Horizontal

15 T 0.8 : . : .
: e Prob. Mean :
————— BE-BE
----- LB-UB
0.7_ _____ UBLE | e —
— Ervelope
06 :
1 I~ .
05F ;
@ N
oy :
o i
‘@' O bbb H
2 N
[T :
§ Z
03 :
0_5_ ..........
02r :
0 e OSSO VUUUUUUOOS SUVUOOE SURNN SO SO RS ................
0 1 0 ; iD ; |1 ,
10 10 10 10 10
Frequency (Hz) Frequency (Hz)

2015 COPYRIGHT GP TECHNOLOGIES, INC. NOTES FOR ACS SASSI WORKSHOP, TOKYO, JAPAN 21



Deterministic (for LB, BE, UB) vs. Probabilistic ISRS
(for Mean and 80% NEP) at Elevation 40 ft (-100 ft Depth)
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Acceleration (a)

Deterministic (for LB, BE, UB) vs. Probabilistic ISRS
(for Mean and 80% NEP) at Elevation 140 ft (Surface)
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Deterministic (for LB, BE, UB) vs. Probabilistic ISRS
(for Mean and 80% NEP) at Elevation 200 ft (Roof Level)
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Random Frequency Shift Effects on Spectral Response
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spectral envelope
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Deterministic (LB, BE, UB) vs. Probabilistic ISRS (Mean
ind 80% NEP) for 1 and 5 Deterministic Seismic Inputs at
Elevation 140 ft (Surface Level)
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Deterministic (LB, BE, UB) ISRS Results for 5 Input Sets
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Purpose of This Presentation:

To answer to the following important questions:

- What is the meaning of “incoherent motion™?

- How the foundation flexibility impact on the incoherent SSI methodology
and in-structure responses?

- How much can the foundation size influence incoherent responses?

- How much can the seismic input directionality affect incoherent results?

- How much can incoherency influence SSSI effects for rock and soil sites?

Discuss effects on ISRS, soil pressures, structural shear forces, and
foundation wall bending moments, SSI relative displacement between
neighboring buildings....

The ACS SASSI Version 3.0 code was used for all these studies.
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Coherent vs. Incoherent Wave Propagation Models
3D Rigid Body Soil Motion (Idealized) 3D Random Wave Field Soil Motion (Realistic)

» [/ /[ [ ] ]
[/ [/ ] [ ] ;
<~ [/ [ ] ] /

/ [ 77 7 7 7
* [/ [/ [ [ [ /
11
S,P
1 D Wave Propagation Analytical Model 3D Wave Propagation Data-Based Model
(Coherent) (Incoherent — Database-Driven Adjusted
Coherent)
Vertically Propagating S and P waves (1D)
- No other waves types included Includes real field records information, including
- No heterogeneity random orientation and  implicitly motion field heterogeneity, random
arrivals included arrivals of different wave types under random
- Results in a rigid body soil motion, even incident angles.

for large-size foundations
ANIMATIONS
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How Many Modes Do we Need to Consider ?

Low Frequency/Large Wavelengths/Only Few Low Order Incoherency Modes

A
| )
Coherence Function
1 - - .
>
° Frequencff
High Frequency/Short Wavelengths/Low and High Order Incoherency Modes
A
| Is the foundation sufficiently rigid

/\/V\/\/W\/\/\’ to neglect high order modes
at high frequency due to

kinematic interaction effects?

>

J1
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Basemat Flexibility Effects on RB Complex ISRS

_:mm;.;' HORIZONT —uve.. VERTICAL

Sampies (SPEOPAT)

a7 Samplas (SPSIPA1
AL 06
Q . . . .
Rigid Mat o5} Rigid Mat
B wi Rigid Mat ”
: s wi Rigid Mat

(=1
L

F=1
L]

- hiers el rbrard 'I - h e dewrrlelrler’ u = i I i T i i i dd i) .I L i i A il
10 10 10 1 10 10 10 w0
Fraguency (Hz) Frequency (Hz)

- Combined ISRS at Node 01436 Direction X Combined ISRS at Node 01436 Direction 2
r ey S 08

=%z HORIZONT . [=i&%em VERTICAL
AL

Sample

Elastic Elastic

is 20% : is 65% (!)
up for Elastic Mat 1 | up for
horizontal v _ Vertical

10 L 10 0 10 10 10 10
Frequency (Hz) Frequency (Hz) 32
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Cumulative Modal Contribution for 10 Modes

""* COMULATIVE MODAL MAss/varimncE(s) ==+ 9()()7 Abrahamson Rock Site Model

Frequency = 0.098 Horizontal = 100.00% Vertical = 100.00%
Freguency = 1.562 Horizontal = 100.00% Vertical = 959.97%
Frequency = 3.125 Horizontal = 99.94% Vertical = 899.75%
Frequency = 4.688 Horizontal = 99 .69% Vertical = 899.20%
Frequency = 6.250 Horizontal = 98.90% Vertical = 98.09%
Freguency = 7.812 Horizontal = 87.01% Vertical = S96.00%
Frequency = 9.375 Horizontal = 93.55% Vertical = 92.59%
Frequency = 10.938 Horizontal = BE8.54% Vertical = 87.93%
Freguency = 12.500 Horizontal = £2.47% Vertical = 82.46%
Frequency = 14.062 Horizontal = 75.90% Vertical = 76.67%
Freguency = 15.625 Horizontal = £69.31% Vertical = T0.92%
Frequency = 17.188 Horizontal = 63.02% Vertical = 65.45%
Frequency = 18.750 Horizontal = 57.20% Vertical = £0 .37
Fregquency = 20.312 Horizontal = 51.92% Vertical = 55 74::]
Frequency = 21.875 Horizontal = 47.19% Vertical = 51.55%
Freguency = 23.438 Horizontal = 42 ,99% Vertical = 47,.79%
Frequency = 25.000 Horizontal = 39.26% Vertical = 44 .,40%
Freguency = 26.562 Horizontal = 35.96% Vertical = 41.37%
Frequency = 28.125 Horizontal = 33.04% Vertical = 38.65%
Frequency = 29.688 Horizontal = 30.42% Vertical = |36.2U%
Frequency = 31.250 Horizontal = 28.04% Vertical = 34.00%
Frequency = 32.812 Horizontal = 25.81% Vertical = 32.01%
Frequency = 34.375 Horizontal = 23.63% Vertical = 30.21%
Frequency = 35.938 Horizontal = 21.37% Vertical = 28.57%
Freguency = 37.500 Horizontal = 18.93% Vertical = 27.09%
Frequency = 39.062 Horizontal = 16.31% Vertical = 25.74% Qv
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Effects of Number of Incoherent Modes on ISRS

Elastic Basemat Corner — X Direction

0.7

0.6

05|

<
=
|

Amplitude

0.2

0.1

o
0

m— Mean(Allmodes) [ ¢ C |
Mean{Modes=10}) © 2
Mean(Modes=50}| @ : © : |
Mean(Modes=25)| & @ : :

. Large Loss
~ InAccuracy
 Due to Limited
A~ Number of

1 \ Incoherency

1 | Modes

R e, o b s s o e s S s e e S S R e s e it

Frequency (Hz)
34

e ~ P L R o e R L R R LD A AR T O N I I R R ] N ~ ~



Acceleration (g)

Effects of Number of Incoherent Modes on ISRS.

Vertical ISRS Using SRSS with 20 and 40 Modes

NI Model {Inconherent, LB) - ROCK SITE MI:  Model {Incoherent, BE) - ROCK SITE
5% Damping SRSS - ComerBottom (Node 1047) 5% Damping SRSS - ComerBottom {Mode 1047)
&t Coordinates{862.5, 913, 60.5) - Direction Z &t Coordinates(862.5, 913, 60.5) - Direction Z
14 : T — '  FAEaE - : — ; . S -
ik Pruhahllh;‘ g ﬁ | ool Pronahllnfit |
—="" 20 Modes == 40 Modes |
— Samples i j — Samples |

2] F [ 14

Accelerancn (gQ)

10’ 10’ 10° 1’ 10' 10’
Frequency (H2) Frequency (Hz)
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Acceleration (g)

SRSS ISRS Sometimes Lower than Mean ISRS
Rock Site Soil Site

WI:  Model {Incoherent, BE) - ROCK SITE NI Model {incoherant, BE) - SOIL SITE
5% Damping SRSS - ContainerComerTop (Node 3346) 5% Damping SR3S - ContainerComerTop {Node 3346)

at Coordinates{1008.5, 857.34, 327 41} - Direclion Y at Coordinates{1008.5, 35734, 327 41} - Direction X

10’ 10° 10 10’ 10°

Fraquency (Hz) Frequency (Hz)
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Motion Incoherency Differential Phasing Effects

COHERENT Symmetric  Non-symmetric Non-symmetric
Motion Amplitude Structure  Rigid Structure  Flexible Structure
o - Differential phasing
- produces time and
space lags and
through these,
| - e— amplitude variations

Greg Mertz's example
with phasing effect on
Symmetric beam

INCOHERENT Symmetric Non-symmetric ~ Non-symmetric
Motion Amplitude Structure  Rigid Structure  Flexible Structure

___________ |

Kinematic SSI
iS important
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Simple Supported Beam Under Harmonic Inputs

Zero Differential Phase (Coherent)

AMMANAA- AWAAAA- Mode 1

180 Degree Differential Phase (Incoherent)

Time Lag

ANANAA- NWMAAAL- Mode 2

38
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Effects of Zeroing Phases of Complex Responses in
Frequency on Time Domain Responses

Fourier Transform Example

Acceleration Time History Compare Without using the Phasing
I I I I I I

Original random wave motion

4 /\H ’h“ ’ M‘fi ‘b”““ ”w‘f“ st bt u”lll'“,‘l |

Acc [g]
B {'i___ i
—=

Zero-phase random wave motion

Orig Acc
08— FFTiAcc) back to time domain without Phase -

1 2015-COPYRIGHT GPTECHNDLOGIES, INC-NOTES FOR-AGES SASSIWORKEHOP, TOKYO UAPAN
4 1a 15 20 25 a0 a1}

A4 = T o



Effect of Zeroing Differential Phases at Lower-Mid Frequencies

For dominant single mode situations (in lower frequency range), the neglect of the

(differential) phases that produce random amplitude variations in space, basically changes
the problem and departs from reality.

Zero-PhaseE means No Differential Phasing
- o e B - Single Mode “Zero-Phase” Motion

produces a “deterministic rigid body” motion

k ..m N | _ Single Mode “Non-Zero-Phase” Motion
Non-Zero-Phases Means Differential Phasingyq,,ces a “random field” motion

7>
SXKJ

\\L \ Differential Amplitude Variations due

to Differential Random Phasing

K ... M
Mode 1 Contribution At the lower frequencies, below 10 Hz, where a
Freq PartH PartV single mode (Mode 1) is governing, the zero-
1Hz 100% 98.2 phase assumption practically neglects the
8Hz 84% 67% differential phase variations between motion
25Hz 7% 21% components due to incoherency. 40
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Incoherency Simulation With Zero-Phasing (Loss of Physics)

BRI e e e e T el Y
el Il & L

- - = = .
S TP THT T TR 2T T L=
- - — — "

-"-+.-F——|-|uq..
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LY )RFAN (! B
ALY AT

T
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=
—
—
e
[
il
L. |

g il

im e
- el AW o

I btk T 1% ST Ly

T _— N L T LB Yy o ks

apeliifhy

¥ - .
“aegn =S SO

Incoherency Simulation With Random Phasing (No Loss of Physics)
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P = e e o e o o e Sl - e Y
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2007 Abra_ha__m_so_n __th_erence for ngd-Rock and Soil Sites

gnd B | Hor-10m e i
i 3 —— e Hor-25m . EE \\\\\ === S
0.8 - i s RN 0.8 “ — \ — = = Hor-50m
o, 4:—— - 1] \ \ \ &
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2 E Iy ~ ‘\
g 0.4 203 s ~ = \\\
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. - o 5 NN
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At 10 Hz 40%? 10 15 20 25 30 35 40 45 50 00 "SR TARE "R " g 14 -16 18 -?0
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Figure &-1 p Figure 7-1
Plane-Wave Coherency for the Horizontal Component Plane-Wave Coherency for the Horizontal C« ) )

1 - : Larger differential
Veri-10m \ . .
039 N
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Figure &6-2

Frequency (Hz)

Plane-Wave Coherency for the Vertical Component
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Incoherency Effects on Multiple Mode SSI Responses

Seismic Motion Amplitude Shape ATF Amplitude Spectral Shape

GMRS Input for Rock Site

Coherent ATF - Node 5355 - Y Dir

1.80 L i T ST
Response - ,
1.60 =X b .
—t g Reduction | Response
140 f | . Amplification
w5 120 [ A N S o
c =
DO 100
IR (| §P24E0 IRRREE BRREE BRI EE T A R N || -
Y pso
a
g /

0.00 5.00 1000 1500 2000 2500 3000  35.00
Frequency (Hz)

~ Remark: For the above GMRS, the ISRS at the selected location will be dominated by
the 10 Hz, 12 Hz and 17 Hz mode responses. The 5 Hz component will be much lower.
Incoherent ISRS reductions will correspond to a mix of components in the 10-17 Hz range.
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Effects of Random Phasing on ISRS for
Large-Size 420ft x 330ft RB Complex with Stiff Mat

RS - Node 5355 - Y Dir

14 S S S

s 17() Freq Sim Incoh - With Phase Adjust ! oo | NI AT

s 170 Freq SRSS Incoh - 0 Phase : N | DIRECTION'Y
1.2 H === 170 Freq Coherent ----- ---------

we= All Freq Sim Incoh - No Phase Adjust
w= All Freq SR5S Incoh - 0 Phase . A
{H === All Freq Freq Coherent ISR SO SO S T | [ O s SO SO

“EXACT" Including Correct Y .
06 Phasing for All Fourier
frequencies (5,700 up 60 Hz) ¥ A4 | —
RN R SN 2 | Y] W= 2120
| AR R . W | EPRI validated
e I = 7 48%  f 59% f approaches overestimate
R 1 1 (20%) §.(40%)nY incoherent ISRS for
ok G H1;ﬁ i (Q%) - (22%) B large-size foundations

SRP 3.7.2 ASCE 04-1998 for 300ft size
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Lisplacement (In.)

Effects of Incoherency on Basemat Bending

Combined THD at Group 1 - COHERENT 5 ft. EConcrete Combined THD at Group 1 - INCOHERENT 5 ft. EConcrete
Y-Direction - Transversal Axis - Frame 1474 Y-Direction - Transversal Axis - Frame 1474
0.03 T T T : T T T | |
Coherent — Incoherent :
0.02- ' f f n 0.02 ‘ | -
0.015- : ‘ | :
: 5 -~ 001F
% 0.005 ==
() S —————— £
Q | g 0
ool 4 : 4 | 5 o005t — f .
| | -0.011 » | .
_002 | _0015 S ....................... ........... ...... —
-0.02 : f -
003, 50 100 150 200 250 300 350 0025 50 100 150 200 250 32)0 350
Distance (ft.) Distance (ft.)
Table 1: Baseslab Bending Moments for A ol Deposit with Vs = 3300 f's
Zone = | Coherant  Incoharent Rm Coherent Incoherent | BapibInc
MO MO / MHX \ MYY MYY /[ MYY \
1 10293 15.106 1.478 0.567 14 211 1.548
2 2.345 10 088 2,385 7197 14.201 2.070
3 10201 13,450 1.512 D805 15.475 1.506
' - - LB5D 2007 2385 17.154 2.051
Remark: Incoherent bending  s1s 1.086 7124 14878 2.08%
moments are 130%-240% of  -303 2.375 2354 14243 1.711

coherent bending moments. ANIMATIONS
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Effects of Incoherency on Basemat Bending

It should be noted that incoherent bending moments increase by 30% to

130% in comparison with coherent bending moments. It should be noted

that the computed baseslab bending moments from SSI analysis include
the contributions of both the primary stresses due to structural loads, and
the secondary stresses due to SSI induced displacements.

The current ASCE standards do not consider in the structural design
procedures for concrete footers below columns or wall lines or basemats,
the effects of the secondary stresses produced by the SSI induced
displacements. The neglect of the secondary stresses could produce a
large under evaluation of the elastic bending moments. However, it should
be noted that for the ultimate strength design approach used in the ASCE
code for concrete design, the effects of the secondary stresses could be
neglected if the baseslab has sufficient ductility to accommodate the SSI
induced displacements.
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Incoherent vs. Coherent Seismic SSSI Effects

Generic NPP SSSI Model 1 Soil Profiles
(55,000 nodes with 5,000 int. nodes, L e :
: . 8 B B § BE B &8 &8 B ¢8
27,000 shells, 13000 solids, 11000 beams) o
S S\M"&
il N
§ _|
“Rock”
700 ft |8 I\
5 )
S
=] uSOilu
g
L
8 Hj
400 ft
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Acceleration (g)

ABW Bldg. Coherent vs. Incoherent SSI and SSSI
Effects for Roof Corner ISRS for Rock Site

AB(West) Model (Rock Site) - SRSS (Node 24964) AB(West) Model (Rock Site) - SRSS (Node 24964)
CornerTop at Coordinates(-161.67, 222.753, 48.375)) -- Direction X CornerTop at Coordinates(-161.67, 222.753, 48.375)) -- Direction ¥
4= i . T T = T T T T T T
Coherent(StandAlone) Coherent(StandAlone) :
Mean of Incoherent(StandAlone) : : 7H Mean of Incoherent(StandAlor
==== Coherent(SSSI) : : ==== Coherent(S$8sl)
3.5 ==== Mean of Incoherent(SSs)) b - ====Nean of Incoherent(SSSI)
: : I 3 PUSUPURURORIOYIUUUOPUS FUOUUOY-UPUS FOVR V00O F0F 0 SR POPU OO SPTOPIORO PPN STOR SO A
3 7 H : : H : ]
: : Sr
25 : R RS ,
: : 8§ 4r
2+ : I Liged | =
: H : £
H H []
H : H < 3L
150 ; : T ,
1 -~ 2r
05L a T USROS OOUUIUYS SUUVRUY UUOESPOE P00 00 0 SR PUP OO SYERIE NP S
: ? i H R R | i i S S
10" 10° 10' 10° 10" 10°

Freranmsy (H?Y
AB(West) Model (Rock Site) - SRSS (Node 24964)
CornerTop at Coordinates(-161.67, 222.753, 48.375)) -- Direction Z

Frequency (Hz)

Coherent(StandAlone) : : I H : 1
oy L I\Cn::;z;tl?scghstle)rem(SlandAIou|e) : L : : J
==== Mean of Incoherent(SSSI)
- . - . . - . | 251
e C0hErONt(StandAlone)

- . _ 2F
Mean of Incoherent(StandAlong) s

= === Coherent(SSSI) g |
= === Mean of Incoherent(SSSI) 2

T : : T L

0.5

107 . .10” ‘ T I1(.'.)‘ ‘ e 107 49

Frequency (Hz)
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Acceleration (g)

ABW Bldg. Coherent vs. Incoherent SSI and SSSI
Effects for Roof Corner ISRS for Soil Site

AB(West) Model (Soil Site) - SRSS (Node 24964) AB(West) Model (Scil Site) - SRSS (Node 24944)
CornerTop at Coordinates(-161.67, 222.753, 48.375)) — Direction X CornerTop at Coordinates(-105.003, 231.67, 48.375)) -- Direction Y

T T T T 2.5 T T T
Coherent(StandAlone) Coherent(StandAlone) : .'; H
3 Mean of Incoherent(StandAlopey == 777 g R 7 Mean of Incoherent(StandAlone) '"| H
==== Coherent(SSSl) ==== Coherent(SSS i
==== Mean of Incoherent(SSSI) ==== Mean of Incoherent(SSsI) : "
: 1
:
]
_ [
I

X 10' 10
Frequency (Hz)

AB(West) Model (Soil Site) - SRSS (Node 24964)
CornerTop at Coordlnates(-‘lG‘l 67, 222 753 48 375)) - Dlrectlon Z

10° 10" 10
Frequency (Hz)

Coherenl(StandAlone)
Mean of Incoherent(StandAlone)
==== Coherent(SSSI)

==== Mean of Incoherent(SSSI)

1.6 H

1.4

—— Conerent(StandAlons) DU N WU AN .
i} Mean of Incoherent(StandAlone) -

=== Coherent(SSSI) g

= === Mean of Incoherent(SSSI) g

10" ‘ 10° ‘ 10' I 10° 50
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Acceleration (g)

ABW Bldg. Coherent vs. Incoherent SSSI Simulated
Responses for Roof Corner ISRS for Soil Site

SSSI Model (Soil Site) - SRSS (Node 24964) SSSI Model (Soil Site) - SRSS (Node 24964)
AB(WEST) CornerTop at Coordinates(-161.67, 222.753, 48.375)) -- Direction Y
' - - T '

Coherent 00 T SO FUUUUUOY- EUUUUOUUUOLUON . DO VOLIOF SOt A : R
Mean of Incoherent : :

Samples : : : : Y
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ABW Bldg. Coherent vs. Incoherent SSSI Effects on
Bending Moments in Corner Walls Near RB Complex

Rock Sitt o coneren Soil Site
I (Acan of |ntnhererl1

SS881 Model (AB-WEST:.Side) $5S1 Model (AB-WEST: Side)
Moments for Shells (Rock Site) -- MXX Moments for Shells (Sail Site) - MXX
| : : :
i B I Coherent : I Coherent
I 1Vean of Jactherent : I Mean of Incohererll

—

5 o :

[+]
=
o :
5 40+
6 J
m

30

2 4 6 8 10 12 14 16 18 20 22 2 4 5 8 10 12 14 16 18 20 22
Element Number Element Number

N —
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RB Complex Coherent vs. Incoherent SSSI Effects on
ISRS on Top of Internal Structure - Y and Z Directions

RB StandAlone Model (Rock Site) - SRSS (Node 14345) RB StandAlone Model (Rock Site) - SRSS (Node 14345)

Containerinternal at Coordinates(-33.0833, -49.8333, 112)) -- Direction Y Containerinternal at Coordinates(-33.0833, -49.8333, 112)) -- Direction Z
. , : . R :

T 4
Coherent : :
18 H Mean of Incoheren LN VLU SURSUSOPRUPUUUN VUUPUUOPRS SUUUOY SUUUSUUUOI SUN DOV SOURN § ISUUUUUULIOVRURUU SOSSORE WUUUEUUESUOE S 0 B0
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RB Complex Coherent vs. Incoherent SSSI Effects on

ISRS at Top Corner Near AB Bldg for Soil Site

S88I Model (Scil Site) - SRSS (Node 15918)
RB CornerTop at Coordinates: (14725 10667 15388)) Direction Y

S8S8I Model (Soil Site) - SRSS (Node 15918)
RB CornerTop at Coordinates(147.25, 10667 15388) - Direction X

Coherenl
| — jean of Incoherent .

samples

Acceleration (g)

©

Acceleration

107
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RB Complex Coherent vs. Incoherent SSSI Effects on
Bending Moments in Corner Wall Near ABW Bldg.

Rock Site g coneren Soil Site
I (Acan of intnhererL

5531 Model (RB: Side)
Moments for Shells (Rock Site) - MXX
: SSS| Model (RB: Side)
I Coherent Moments for Shells (Soil Site) - MXX
I Mean of Incoherey] .

501 : : | I Coherent
: ;| Il Mean of Incohere t

45|

40|

25+

B ! : f

2 4 6 8 10 12 0

Element Number 2 4 6 8 10 12

Element Number
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2015 COPYRIGHT GP TECHNOLOGIES, INC. NOTES FOR ACS SASSI WORKSHOP, TOKYO, JAPAN



Incoherent vs. Coherent Seismic SSSI Effects
X

Generic NPP SSSI Model 2

(75,000 nodes with 11,000 int.
nodes,45,000 solids, 11,000 shells)

Compute relative 300 ft

displacements between
NB and RB buildings:

Differential motion amplitude is 450 ft
twice larger for incoherent input

Displacements Absolute Difference of Displacements
Coordinates Coherent Incoherent-Sample Coherent ncoherent-Sample 1
Node oz | o Y Z X Y Z Y 4

Number Model

49678RB  -75615 27 3000124550012657 0004428 222419 262085 1.
49760FHB  -7667 26922 3000738120.033553 0152572 235583 265359 1.65843D.0613570[0208% 0148144 013164 (003274 01385

14966RB 72881 3375 3000124550.012657 0.004428 222419 262085 151993

32740FHB  -73941 33611 3000725560.035056 0133265 235014 265559 162887 (060101022399 0128837 \012595/ 003474 010894
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Seismic SSSI| Effects on the Adjacent NB ISRS

Roof Elevation
A T
— SSSI reduction effects ...
~ due to presence of
. deeply embedded RB

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
05 3000 2118 000n.
e OO | |« T
ot T
{ ] T
i
| — 1 i 57
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Seismic SSSI Effects on NB Basemat Pressures

SSSI Effects may increase severely
seismic pressures on foundation walls

and basemat. Suggestion to include local
nonlinear soil behavior (only 2-3 iterations)

SSI Pressures SSSI Pressures

-

Large local soil pressure

30.00000

SSSI Effects due to RB

2250000

1500000

" SSSI Effects due to AB

000000
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Seismic SSSI Effects on Shear Forces in RB

180

160

140

120

100

+= 80

60

40

20

- Shear Force Diagram o

NN NN RN "
. RN N NN Ny = .
: : NN ~ RN P : :
I SR e TR, R BN VO P SR :
: : WAL R A N B : :
R SRR A : % RN “u,
\‘&\\\\;\\ o
I DO —— | @ Coherent (SSSI)
g N3 =——#— Coherent (StandAlone)
j ~| ==@r==|ncoherent (Mean-SSSI)
IS A S SRR == == Incoherent (Mean--StandAlone)
: : S Incoherent (Samples--SSSI) :
: ; e Incoherent (Samples--StandAlone) | :
i | | I I I |
1 2 3 4 5 B 7
Shear Stress x 10"
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Abrahamson Radial vs. Directional Coherency Models

Y
RADIAL

7l

X

\J Global Axes

a=0.5

Incoherency distance is

DS HO>[aaSD

DIRECTIONAL

Y

=
~

X

—
-

0.9

X

Rotated Axes
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EPRI AP1000 Stick Model - ALPHA Study

Rock Site - Maximum Acceleration - Direction X
EPRI AP1000 NI T T
L g 0.~
Stick Model Study S
g
P15 ) SO S ../:::’;f:f/ O S A S
118 18 - I
ZPA
_E 120+ . i ..Il//'//’ . . . . . . S .
| o 4
45 45 ol ;:}'i’ e Rock |
80 ﬁ ,
“ ==t+=- Mean of Incoherent (Alpha=0.1)
:‘l: —-6-- Mean of Incoherent (Alpha=0.5)
5 IL:‘ ‘ ‘ ‘ —-G‘—- Mean of‘lncoherent (‘Alpha:O.Q)
0 02 0.4 0.6 0.8 1 1.2 14 1.6
212 e —— 12 — EPRI AP1000 Stick Model - ALPHA Study
229 29 — 180‘ | Soil Site - Maximum Ac‘celeration— Pirectionx |
= ==+ == Mean of Incoherent (Alpha=0.1) ,/’i:;:::”w
— == =- Mean of Incoherent (Alpha=0.5)| ~ T ]
385 ~ ==& == Mean of Incoherent (Alpha=0.9)] ===~
= - I - I Rt i
= - 397
( = Py
= ,/’/ ’
§ 1200 st SO”
230 P
242 : {Q}’/ﬁ’/ ' ZPA
1001~ !
A F
- Soil Site, Vs = 1,000 fps,
’ /
i = Q\ ? f : ' . ] .
CSDRS, AB2007Soil IR Motion directionality has
- Rock Site, Vs = 6,000 fps, %~ limited influence on SSI
1 1.05 11 1,12 1.2 1.£2 1.0 1.99

EPRIRockRS, AB2007Rock ss
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Conclusions for Investigated Cases
Incoherent motion describes a realistic, 3D random wave field motion.

For realistic, elastic foundations, truncating the number of incoherent
modes produces unconservative results in the high-frequency range.

Zeroing the incoherent motion phasings produces overly conservative
results in mid-frequency range at the price of the loss of physics — spatial
correlation between support motions is neglected. Not applicable to the
multiple time history analysis of RCL system.

SSSI effects are significant for soil sites and possibly non-negligible for
rock sites. Affect ISRS, soil pressures, foundation wall bending. Affect less
the shear forces in the structure.

Incoherent SSI effects are larger or different than the coherent SSSI
effects.

Incoherency model directionality, radial vs. directional, produces less
significant effects on SSI response. 62
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SASSI Methodology-Based Sensitivity Studies
for Deeply Embedded Structures, Such As
Small Modular Reactors (SMRs)

Dr. Dan M. Ghiocel

Email: dan.ghiocel@ghiocel-tech.com
Phone 585 641-0379

http://www.ghiocel-tech.com

Revised in April 2015

2014 U.S. Department of Energy Natural
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October 21-22, 2014 63
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Purpose of This Presentation:

To answer to the following key questions:

- How accurate are the SASSI MSM or ESM methods for SMRs?

- How sensitive are SSI responses to the excavated soil mesh size variation
and mesh nonuniformity?

- Are HO Rayleigh wave mode effects significant for nonuniform soils?

- How important are SSSI effects due to Annex Bldgs.?

- How important is the influence of ground water level on SMR response?

64
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ACS SASSI V.3.0 Flexible Volume Methods for Ni

1 <

L

FV Structure Excavated Soil
— FreeField Problem —
c:‘J SSIProblem (Flexible Volume)
[
wol s Wi
¥ i
FI-FSIN JJ * M : Ju
SM __ FreeField Problem f § .
) Structure Excavated Soil
— :
= SSIProblem (Subtraction)
e g w1
— |
FLEVEN L 4ad L
MSM ' FreeField Problem .
‘ Structure Excavated Soil
% SSIProblem (Modified Subtraction)
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Flexible Volume or Direct

SASSI Flexible Volume Substructuring Methods

ERR A
O\ BT ey
% i

AN

Flexible Interface EVBN or MSM

i
) ﬁ,“ ¥

\

(
S‘N mmv%ihiﬁhhhtﬁms
VAN L L T T 7 717177
NN
U
f Wt

)

\ &. VT iy,
WAL L T 17T T
¢ %Wﬁﬁhh!ﬁkh&ﬁm
WL T T I 1
AT )
LT T T
LTI F T

A

LETTTT TG

Flexible Interface FSIN or SM
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Acceleration Transfer Function

SSI Analysis of APWR RB Complex Using MSM

560-500 Profile
MSM: 40527, FVM: 31007 - X Direction

RB Complex SSI Model

FREQUENCY [Hz]

Acceleration Response Spectra

560-500 Profile at
MSM: 40527, FVM: 31007 - X Direction

—FVM

1.6

V4371300V
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SMR Seismic Deeply Embedded SSI Model Study

1)

200 ft

Y

— Excavated

Generic SMR Structure Soi
SMR size: 100 ft x 100 ft X 200 ft
Embedlrznent: 140 ;E[ 140 ft Embedment
Mesh size: 10 ft X 10 ft X 10 ft SMR SSI Model
Number of Nodes: 2,580 (use FV method)

Interaction Nodes: 1,815 68
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SMR Case Studies on FV Substructuring Methods

NONUNIFORM
V$=1000
B — = e e e e e B e — = = = = = = = e e B e e H——
— VS=5000 -

Int. nodes: Int. nodes: Int. nodes: Int. nodes: Int. nodes:

7936 4016 3036 2448 2252

Runtime/freq. Runtime/freq.:  Runtime/freq Runtime/freq Runtime/freq.: V5=5000

7938 seconds 1563 seconds 880 seconds 592 seconds 483 seconds 69

100 20% 11% 7.5% 6%
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SMR Massless Foundation (Fully Embedded) Model

Volume Size: 120 ft x 80 ft x 80 ft

Q Model View Vertical Section
y 13726

Comer Nodes from
top to bottom layers:
7681, —
6913,

6145,

5317,

4609,

3841,

3073,

2305,

1537,

789,

1 ",

........

Zcoordinates (f) 0,
12, 24,36, 48 -
60,72, 84, 96, -
108, -120

Mesh 4 ft x 8 ft x 8ft
FFV-Skip 2 Levels 7,938 Interaction Nodes
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Amplitude

Comparative ATF at -120 ft Depth (Foundation Level)

——

iraction X 20 === FFV SKIP2 T
Directon X  ZII7 FFV SRS Direction Z
| == ESM
Excavated Volume Plus Shells Model Test - TFU | ===~ i Excavated Volume Plus Shells Model Test - TFU
. Nonuniform Soil - at Elevation (-120 ft., Node 1) - Direction X Nenuniform Soil - at Elevation (-120 ft., Node 1)~ Direction Z
’ — T T T T ] ‘ — 45 ‘ —————
----- FFV SKIP2 o ———= E\;v SKIP2 . :
""" FFV SKIP o - === FFV SKIFS : :
354 ---- ESM Lo g e e 4 4q . ESM PSP VPO VNP FUNTS SN A S0 001 | TSRO NSRS SRS S
_____ MSM B === [SM
) O SO SORROIN WSO OO SO OIS DO O N SO S o 35F
: | 3r
2.5_ ............... OO PPt SOPRPPPPRIRY: .......................................... |
| 8250
3
2 =
3
< 2
15+
1
05¢
|
10’ 10'
Frequency (Hz) Frequency (Hz)
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Amplitude

Comparative ATF at -32 ft Depth (1/4 of Embedment)

——

ractiopn X 00 == FFV SKIP2 ST
Directon X  ZII7 FFV SRS Direction Z
| amua. ESM
Excavated Volme Pus Shells Model Test- TR~ ————— — L
Xcavated volume FIus ohells Moael 1est -
. . , I Excavated Volume Plus Shells Model Test - TFU
.5 Nonuriform Sol - at Elevation (321 N?de 5633) - Direction X Nonuniform Soil - at Elevation (-32 ft, Node 5633) - Direction 7
’ ‘ ‘ ‘ Do I I : ‘ ‘ ‘ 6 T T ——
—2 L
o — FY :
----- FFV SKIP2 S
A T FEV 8KIP2
4 :::: E;\I(IISKI% ................... b ........................... d || e FFV SKIPA
A T A | e ESM
----- MSM e i
I 3 n
BB b ; ..... .......................... .

o — e E ___________________ | Frveskpzis . \\ 1
P SRR S | N B R i i highly accurate; |

5 less int.
nodes, and 5
faster than FV

method
0 |
10’ 10'
Frequency (Hz) Frequency (Hz)
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SMR Massless Foundation Excavation Mesh Size Study
L Volume Size: 120 ft x 80 ft x 80 ft
Original o

Uniform soil
8, — Vs=1000 fpS,
6913,
6145,
537,
4609,
3841,
3073,
2308,
1537,
769,

1 .

Input at
Surface

Mesh 4 ft x 8ft x 8ft
7,938 Interaction Nodes

Zcoordinates (fty 0, O
42,24, 36, 48, -
80, 72, 64, 96, -
AN0 49N

Remeshed

Mesh 4 ft x 4ft x 4ft
29,971 Interaction Nodes

Lo 73
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Comparative ATF at Foundation and Surface Levels
120 ft Depth

Excavated Volume Plus Shells Model Test - ATF
Uniform Soil -- Node 00001 Direction X
1 S e —— ———— T T A L T T T LA S S T
: : : R L R : Original Model
[ ] Remeshed Model

0.9

Amplitude
o j] o
m ~ oo

o
(3]

e
~

01l SN S S SEEEE N S NN
10 10 10 10
Frequency (Hz)
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200 ft

SMR Excavation Volume Mesh Nonuniformity Study

Volume Size: 200 ft x 100 ft x 100 ft

140 ft Embedded SMR Model V's Soil Profile (fps)

Z=60 ft Vs

. Vs (ft/s)
.... 0 1000 2000 3000 4000 5000 6000 7000  S0CO
ENNE 3 e
I
===== Z=0ft ]
...!! 100

NEE BEEEEE

200

140 ft

Depth (ft)
w
[au]
(=]

Z=-140ft

400

SMR size: 100 ft x 100 ft X 200 ft
Embedment: 140 ft

Mesh size: 10 ft X 10 ft X 10 ft
Number of Nodes: 2,580
Interaction Nodes: 1,815 75
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140 ft Embedment SMR Excavation Volume Meshes

For nonuniform
meshes the
average radius

Uniform Model
values are used.

Refined Non_-uniform Model

[ |

, TOKY@GQIAPAN

FCOPYRIGHT GP TECHNOLOGIES, INC. NOTE
x_ L7




Comparative ATF at -140 Depth (Foundation Level)

1
] ]
= Undorm |
i | ]
. 1
Horizontal —— Non-undorm : Vertical
- - I
=— Refined Man-uniform | .
Acceleration Transfer Function X-Direction ) Acceleration Transfer Function Z-Direction
Node Location: X=0.0 Y=0.0 Z=-140.0 Node Location: X=0.0 Y=0.0 Z=-140.0
14 e T e e R | 1 e e T e ettt
| | | | | - [~ iom | - | | | | e
: : : : : : —&— Non-uniform ' k- ‘ ' ‘ ' i | —B— Non-uniform '
; : : : : : —#— Refined Non-uniform |3 T I Y I I I I I —=— Refined Non-uniform |
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Comparative ATF at Ground Surface Level

| ]
Hori | Vertical
] 1
orizontal &= Undform |
]
1
_'3_ r'-l:;l' L 'I-IIII'l '
1
- H i
=— Hefined Non-uniform |
Acceleration Transfer Function XDirection ) Acceleration Transfer Function Z-Direction
5 Node Location: X=0.0 Y=0.0 2=0.0 Mode Location: X=0.0 Y=0.0 2=0.0
| Rt bbbl L bbbt bbbl Rt bbbttt bbbl bbbt bbbttty Attt L T T e T T e e e R PR E e
—&— Uniform : . : : ' ‘ ‘ —&— Uniform
—&— Non-unifarm —+&— Non-uniform '
—&— Refined Non-uniform |: —— Refined Non-unifarm | :
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SMR-AB Seismic SSSI Effects Study

140 ft Embedded SMR-AB SSS| Model

Modes from bottom to
top: 10676, 20170,

Modes from bottom 27g45, 33152 338
z totop: 121, 805, ©
TR .
A i T B ]l L B8 - 8
=TTTTT T 3 ol L L
| ‘_ﬁﬂjlr’::“_:_ —— EE:'__, =
B AW AR 8
o I I R S
| = EEE [ L R
. & L1
b tode 27830 H T .
lt—1-"T" -1 un
| 14— o ] i — =
Ld
8
Mode 10861

SMR size: 100 ft x 100 ft X 200 ft
Embedment: 140 ft
T Mesh size: 10 ft X 10 ft X 10 ft
Number of Nodes: 2,580
| Interaction Nodes: 1,815

Sl

Mode 11

0S¥
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Seismic SSSI Effects on ISRS at Computed at
Surface Level for Rock Site

Horizontal Vertical

SMR-AB Combined Model (Rock Site) - SRSS (Node 1815) SMR-AB Combined Model (Rock Site) - SRSS (Node 1815)
SMR Corner at Coordinates(100, 100, 0)) -- Direction X SMR Corner at Coordinates(100, 100, 0)) -- Direction Z
i LU L B L U U SUUUULUURY UL [ETETTTT JETTEUTTUVL FUTUUTS UUUT JUU DUE UL LI T T T T L T

2 SRR T SRR
t

351

Acceleration (Q)

10" 10”
Frequency (Hz) Frequency (Hz)
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Seismic SSSI Effects on ISRS at Computed at
30 ft Above Surface for Soil Site

Horizontal Vertical

. o SMR-AB Combined Model (Soil Site) - SRSS (Node 2013)
SMR-AB Combined Model (Sail Site) - SRSS (Node 2013) SMR Comer at Coordinates(100, 100, 30)) - Direction Z
SMR Comer at Coordinates(100, 100, 30)) -- Direction Y ‘ - ‘ - ‘

Frequency (Hz) Frequency (Hz)

Ol
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SSSI Effects on Seismic Soil Pressure (Spring Forces)
Along the SMR Vertical Corner Edge Near AB (140 ft)

I B Corbined (Coherenl) S | S t
ROCk Slte T Combined (Mean of Incoheren: OI I e
. | Standalone (Coherent)

Forces for Springs (SMR, Rock Site) B ciandalone (Mean of incoherenty  Forces for Springs (SMR, Scil Site)
Elements 11 (Corner) - PX Elements 11 (Corner) - PX

: o]
I Combined (Coherent) J 01 S T I SR I Cormbined (Coherent) .
: [ Combined (Mean of Incoherer) : \ [ Conbined (Mean of Incoherent)
45001 I [ standalone (Coherent} ' : - | I Standalone (Coherent)
_ I standalone (Mean of Incoheren I standalone (Mean of Incohersnt)
4000 - o e
10000_ . e b .
35001 .....................................
: : : ; N
BOO0 b EVTSTIRSUSUTRRI OIS | SN RSP 0 T s
3000~ :
v 0
Q Q
9 P
2500 : f
E’ E’ 10 A [SURTT | URPUTOUOS SORPOTONY | SOTUUDOONS | ST I
2000 e
i | AQOO L[ .
1000
500
0 hﬂMﬂLJ A
6 8 10 6 8 10 12 14
Element Number Element Number
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SSSI Effects on Wall O-P Bending Moments Along SMR
Shell Element Vertical Line Near AB (60 ft)

ROCk S|te I Combined (Coherent) SO” S|te

| CamBinad (Mean of Incoherenl)

Moments for Shells (SMR, Rock Site) : =landalone I:':l:lhE'rE'nn Moments for Shells (SMR, Soil Site)
Elements 146 (Middle) -- MYY I =iandalone (Mean of Incohzrent) Elernents 146 (Middle) - MYY
900k ; ................... ................... - Combined (Coherert) : i
: : ) g : I Combined (Coherent
: : [ Combined (Mean of Incoherer|l) g : : ] Combined EMean of I?u:oherer‘t)
: : : [ Standalone (Coherent) ‘ : [ Standalone (Coherent)
800 - : : : : : I Standalone (Mean of Incohergni 2500 : : : I Standalone (Mean of Incohergnt)
700 S SRR TITRRRe ................... B : . 5
600 - f
5 | | ‘; _ :
B GO0 et o e s g d ; :
< 2
c 400 o -
3 g |
™ 1000 | |
300
200 : j
100
0 I 0. 1 JH g ﬂll_\
3.5 8 1 15 2 25 3 35 4 45 5 55 6

Element Number Element Number
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Horizontal mesh size can be larger...

in Nonuniform Layered Soils (shown at 30 Hz)
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HO Rayleigh Wave Modes Manifest at High Frequencies
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Acceleration (Q)

SSI and SSSI HO Rayleigh Wave Mode Effects on
SMR ATF for Nonuniform Soil Layering — in X-Dir
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SMR Corner at Coordinates{100, 100, -40)) -- Direction X
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Acceleration (Q)

SSI and SSSI HO Rayleigh Wave Mode Effects on
SMR ATF for Nonuniform Soil Layering — in Z-Dir
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Ground Water Level Effects on the Vertical SMR
Vibration at 40 ft Depth Floor Level
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Conclusions for Investigated Case Studies

The use of the SASSI MSM and ESM with only one or two interaction node
layers that are internal to the excavation volume provide crude results
when compared with the FV method for the investigated SMR cases.

Excavation horizontal mesh sensitivity studies indicate a good solution
robustness for variations in the mesh size and its nonuniformity. This
contradicts some published results. We will continue our investigations...

The SMR-AB SSSI effects are important for deep soft soil deposit case,
especially on the seismic soil pressures and embedded walls o-p bending

The effects of HO Rayleigh wave modes in high-frequency appears to be
significant for nonuniform layered soil deposits. We will continue...

Ground water level can affect largely the SMR floor vertical vibration. This
is not fully recognized by all.
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