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Purpose of This'Presentation:

To show the application of the AA€Based probabillistic
SSI analysis foesigrevel (DBE)applications.

To answer to a question:

Is the ASCEIb probabilistic SSI responses with 80% N
more conservative or less conservative than thd ASCE
deterministic SSI responses fdefilgdevelnalyses?

To be able to answer to this question, we investigated :
of case studies. Herein, we show few representative re
four SSI case studies including surface and deeply em|
structures on rock and soll sites.

ACS SASSI V3 with Options PRO anadd@ibsled.

2018 COPYRIGHT IGHIOCEL PREDICTHVE TECHNOLOGIES RINCG: HDOEINRO NPH-2e i Oct 23



ASCE 46 Based Probabhilistic vs. Deterministi
SSl'Analysis Case Studies

RC Uncracked

RB Comfalex RC Uncracked
DET Linear

Casell PRO Linear

Rock, Vs=6000fps
Soil, Vs=1000fps

Rock, Vs=6000fps
Soil, Vs=1000fps

SNIR Aux Bldg.
Casei3

RC Cracked

Caseld m Nonlinear

Rock, Vs=5000-7000fps
Nonuniform Soil, Vs=800-3500fps

RC Uncracked
PRO Linear

m—
Nonuniform Saill
Vs=2000-7000fps
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ASCEI 6 ProbabiistiCiSite:Respanse /Analysi
(PSRA)andrProbabilisticl 3Si/Analysis (PSS,

Based on the new ASCE@b recommendations

- Probabilistic SSI analyses should be performed using :
30 LHS randomized simulations

- For thelesigHevel-applicatigmsobabilistic SSI responses
should defined for the 80%eroeedance probability (NEP

- Probabilistic modeling should minimally include:

- SEISMIC INPUT: GMRS/UHRS amplitude assume
randomly varying (Methods 1 and 2).

- SOIL PROFILE: Vs and D soll profiles

- STRUCTURE: Effective stiffness and damping, as
of stress/strain level in different parts of structure.

4
2018 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. DOE/NRC NPH Meeting, Oct 23-24, 2018




ASCE 46 Probablilistic SSI Simulation: Conc

Stiffness

0

>

ACSS3ASSHithith
OptionsFRRQrardNON

A\ GRS Shape

2D Soill
Profiles
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ProbabilisticcSeismicdnput Models

ASCE 04Method 1

GRS

No variation
of spectral shape

i ‘ ‘ Include variation

of spectral shape

Mean

> Frequency
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Vs and D Solil Profile.Probabilistic Models
Using Multiple Segments ' Split

Soll Layers Segments

Y ¢ . . "' ™ . .

- s " " - : 1
NN Differenti statistical
NI, properties for
[ 11177777777 2 differentsailprofile

ARV AVEY SV YAV |
ARV AV VAV |
PRV
PR
PR 3
PR
PRy

segments iredepth
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Vs and D Soil Profile.Probabilistic Models
Two Variation Scale Models Based on Field

/\é\ LN

wavelength

—component

Long
C wavelength

component

—-‘Q Shortand large

~— correlationriengths

Modiel1(Simple) Model2 (Gompasite)
(Popescul 996
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Probabilistic. Simulations of Soil Profiles & Ci

o Shear Strain
D-Gamma

e

* Shear Strain w*! ' e’ ETE 10 T

Soil G/Gmax and D Curve Random Vanations (left); Simulated G/Gmax for 4 Soll

Curves (right). The Mean Values of 4 Soil Curves Are Plotted with Green Lines.
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Probabilistic Linear Structural Models:; Effectiv
Stiffness and Dampii2epend on ' Wall Strain Leve
- KeffKelandDefivariables should defined byfoiseach/elementgroL

- Effective stiffness ritaiKelastiand damping rafieff should be
modeled astatistically-dependemdom variables. They can be
consideredegatively correlgtetDeffdefined asr@sponse functioh
KeffKelastibased on experimental tests.

T~

Longitudinal Shearwall Transverse Shearwall Deff = f([KeffKelastic

Node 25719

Stiff Damp
001 020
010 017
020 015
030 013
040 011
050 010
060 00Y
rrrrrrr s 070 008
080 007
090 006
1.00 005

Crackedcconcrete'stiffness an

damping-values computed using
Option’PROand NON:capabilities.
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Probabilistic Nonlinear Concrete Structural-Moc
Based orWall (Panel) Strain Levels

Structure is split ine
wall panels with
different materials

Backbone Curves Automatically Generated Iterative SSI Fast Analyses Until Conver:

‘ ot - lteration 1 M
,’ 00 ”
Sh\(;ar +* o CRACKED = lteration 6 I
‘. (0.50 Ec, Max. Damping = 7%) -
?’: i
V = GAspeary ,E,"“” v : )
UNCRACKED E Iz =
(1.0 Ec, Damping = 4%) - I
3,/f. /Ge (shear strain) - » - . i :

2018 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. DOE/NRC N?Hﬁﬁeéﬁ)’l@, Oct 23



Case Study No. 1:Surface RB Complex w

160ft Foundation Size on:Rock and Soil Si
60 Probabilistic: GRS /1nput Simulations/(ASGiethod 2)

SIMUIAIED GRS SNEPES (INpULS)
Comparalive Non-exceedance Probabilitic Curves
for 16%, 50% and 84% - Y

Comparallve Non exceedance Probabl\ltlc Curves
for 16%, 50% and 84% - X
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60 'Probabilistic/ Saildayern Simulations

FProbabilistic Soil Layvers Simulation (Shear WwWelocity)
INncluding for 16924 , S0%% and 849%
Nonmn-exceedance Probability Excites

. - MODEL 1: corrélation Ierigth (60ft),§ coefficieht of
N RQCk Slt_e ' variatgion '(0;2'f'of'r Vs: 0.3 'f;or Dam*p@g)* o U
: ; ; o

Bl ns TEe Ta e T ESYS D S 85sL VoIt
ms00 . Mom-excBedence Frobebllity Excites
Soil Site MO_D!EL 1: corrglation length (40f coefficieljt of
s | variation (0.2 for Vs; 0.3 for Damping) |
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60 [RProbahilistic Structure |Simulations

Simulate 87 material types: Group 1 Solid (4); Group 2 Beam (27); Group 3 Shell (56)
Mean of Stiffness: 0.8; Coefficient of Variation: 0.1

Correlation Matrix: without correlation

Damping Computation: Using a response function shown below:
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The Function of Stiff and Damping
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FProbabilistic House Simualation
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ISRS for Surface RB Complex (160ft size)or

NI Complex Model (Coherent) - 60 Simulations - Rock SITE

NI Complex Model (Coherent) - 60 Simulations - Rock SITE ¢
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Acceleration (g)

Acceleration (g)

ISRS for Surface RB Complex (160ft size) o

NI Complex Model (Coherent) - 60 Simulations - Soil SITE
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Case Study No. 2: Surface RB Complex w
360ft Foundation Size on Rock and Soil Si

60 Probabilistic GRS Input Simulations (AQHethod 2)
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