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Purpose of This Presentation:

To show the application of the ASCE 4-16 based probabilistic SSI
analysis framework to two case studies:

- Design-level, a deeply embedded SMR structure SSI analysis
- Beyond Design-level, a RC shearwall building fragility analysis

To answer to key questions:

- Is Probabilistic SSI more conservative or unconservative than
Deterministic SSI for the seismic design-level analyses?

- How can be ASCE 4 recommendations on probabilistic SSI be
integrated for beyond design-level analyses within the seismic
fragility calculations?

2016 ACS SASSI V3 with Options PRO and NON was used. |
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ASCE 4-16 Probabilistic Site Response Analysis
(PSRA) and Probabilistic SSI Analysis (PSSIA)

Based on the new ASCE 04-2016 recommendations:

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

- For the design-level applications, probabilistic SSI responses
should defined for the 80% non-exceedance probability (NEP).

- Probabilistic modeling should minimally include:

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

- SOIL PROFILE: Vs and D soil profiles

- STRUCTURE: Effective stiffness and damping, as functions
of stress/strain level in different parts of structure.
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ASCE 4-16 Probabilistic SSI Simulation Concept
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Probabilistic Seismic Input Models

ASCE 04-2015 Method 1
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Vs and D Soil Profile Probabilistic Models
Using Multiple Segments Split
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Vs and D Soil Profile Probabilistic Models.
Two Variation Scale Models Based on Field Data

AN/ '\

~~—
<.

Short
wavelength

—component

Long
wavelength
component

Short and large
correlation lengths

Model 1 (Simple) Model 2 (Composite)
(Popescu, 1996)

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. ALL RIGHT RESERVED.



Probabilistic Soil Material Curve Models

Gmeaix | G/Gmax-Shear Strain
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Soil curves show
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shear strain axis.
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Probabilistic Structural Models; Effective Stiffness and
Damping of Panels Dependent on Strain Levels
- Keff/Kel and Deff variables should defined by user for each element group.

- Effective stiffness ratio Keff/Kelastic and damping ratio, Deff, are modeled
as statistically dependent random variables. They can be considered
negatively correlated, or Deff defined as a response function of Keff/Kelastic
based on experimental tests

T~
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ACS SASSI Probabilistic SRA and SSIA Steps

Three major steps are applied:

1) PREPARE SSI INPUTS: Using ACS SASSI/ PRO modules,
generate statistical ensembles for Probabilistic SRA and/or
Probabilistic SSI analysis input simulations (ProEQUAKE,
ProSITE, ProSOIL and ProHOUSE, ProMOTION, ProSTRESS)

2) PERFORM SSI ANALYSIS: Using ACS SASSI modules, run in
batch the ensembles of the simulated input files to compute the
SSI responses (SITE, SITE, SOIL, HOUSE, ANALYS, MOTION,
RELDISP, NONLINEAR, STRESS).

3) POST-PROCESS SSI RESPONSES: Using ACS SASS/ PRO
module, post-process statistically the ensembles of the SSI
responses (ProSRSS, ProRESPONSE)
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Probabilistic vs. Deterministic SSI Study
For Deeply Embedded SMR Structure

STIFFNESS and
DAMPING:

Prob Keff/Kel
Mean = 0.80;
C.OV.=10%
Prob Dmean = 6%;
C.OV.=30%
Keff/Kel and D
correlation -0.8

200 ft

Det Keff/Kel = 1

DetD =4%
) ] Excavated /
Generic SMR Structure Soil
SMR size: 100 ft x 100 ft X 200 ft
Embedment: 140 ft 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
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Probabilistic an_d_ Deterministic Soil Profiles
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Probabilistic Horizontal ISRS (Mean and 84% NEP) vs.
Deterministic (LB, BE, UB) at Elev. 0 ft (Foundation Level)

SMR 140ft. Embedded Foundation Model- Nonuniform Soil
5% Damping ARS at Elevation O ft. - Horizontal

SMR 140ft. Embedded Foundation Meodel (60 Simulations) - Nonuniform Soil
5% Damping ARS at Elevation O ft. - Horizontal
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Probabilistic Vertical ISRS (Mean and 84% NEP) vs.
Deterministic (LB, BE, UB) at Elev. 0 ft (Foundation Level)

SMR 140ft. Embedded Foundation Model - Nonuniform Soil
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Acceleration (g)

Acceleration (g)

Probabilistic Horizontal ISRS (Mean and 84% NEP) vs.
Deterministic (LB, BE, UB) at El. 170ft (30ft above ground)

SMR 140ft. Embedded Foundation Model -

SMR 140ft. Embedded Foundation Model (60 Simulations) - Nonuniform Soil
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ASCE 4-16 Probabilistic SSI| Based Fragility
Analysis of A Low-Rise Shearwall Building

Nuclear building model split in
nonlinear panels; done semi-
automatically using ACS SASSI Ul

Selected Panels

Using ACS SASSI Option NON
the effective stiffness and damping
Is automatically computed for each
LHS probabilistic simulation

Wood 1990 Panel Shear Capacity,
and Cheng-Mertz Hysteretic Model
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Probabilistic SSI Analysis Performed Twice at Review
Level(s) for Random and Composite Variations

Two probabilistic SSI analysis input sets are required for PSA investigations

1) All the randomness and the epistemic uncertainty variations to get the total variability (,BC)
2) All the randomness variations to get the randomness variability( 8, .‘)

Compute epistemic uncertainty variability from Steps 1 and 2 — using physics-based models.

Epistemic Uncertainty

Probabilistic SS| Analysis Variability

Stiffness
- Option PRO and NON

GRS Shape
Nmping

otal Risk Curve
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H

Hazard Curve

Steps 1 and 2 Compute confidence-based
Probability of Failure estimates

INTERVAL
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Rock Hazard Curve - Using 7, 3 and 1 Review Levels
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Simulated Soil Profiles for Random and Composite

Frobabilistic Soil Lavyvers Simulation (Shear WwWelocity)
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Random BBC Variations for Nonlinear Wall Panels
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Shear Force

Shear Force

Wall Panel Hysteretic Behavior for 0.95g Level

AB ShearWall (Rock, Random - 0.95g) Panel 17
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Panel Shear Strain (Mean & 84%NEP) and U Variable

AB ShearVWall Model AB ShearVWall Model
Displacement {(Rock) - Panel 17 Displacement (Rock) - Panel 25
T T T T T T — T . | — S —
I o (Mean) ' ' ' ' 0.014 I Fancdom (Mean) '
0.01 H [ Random (84%)  [---------obommmoe b R T [ Random (34%) , , ,
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I Composits (34%) I Corposite (24%) : : :
1] SR USRNSSR S SO SO 9% A TR N N SR R
- 1 ™ Panel25 T
o Y S N S S
R AMEAMEACLEREATRERERAERRETS (o - B Random (Mean) 5 5 5
' ' ' ' i [ ] Random (84%) Tirmmmmeeee . T
0002 |n ke [] composite (Mean) | -
: ' ' B Composite (84%)
0 0.1g 0.25g 0.45g 0.65g 0.95g 1.25g 1.6g 0.1g 0.25g 0.45¢g 0.65g 0.95g 1.25¢g 1.6q
Panel Panel
Physics-Based U Random Variable Computation

Displacement: 8. B.25g 8.45g B.65g B.95g 1.25g 1.6g

Node# U mean U mean U C.0.V. U mean U C.0.V. U mean U C.0.V. U mean U C.0.V. U mean U C.0.V. U mean UA.0.V.
15 1.0164 1.8243 8.2585 1.8193 8.2328 1.8338 8.2255 1.8459 0.2286 1.8776 8.2612 1.8665 B.2559
16 1.0083 1.8575 8.2526 1.8605 0.2816 1.1542 8.3697 1.2183 98.3494 1.2433 ©8.2982 1.2381 8.2545

17 1.0885 8.1774 1.851e 9.1719 1.8792 18.1834 1.0988 0.1%4 1.8876 0.2320 1.8864 8.2525 1.8734 8.2683
24 1.8289 8.2199 1.8386 0.2621 1.1108 8.2664 1.2602 9.2841 1.2946 8.3333 1.2345 9.3249 1.1885 ©.3482
25 1.0156 9.1673x 1.0504 ©.2346 1.1293 9.29%6%  1.1644 9.3878 1.1546 8.2924 1.1799 ©.3709 1.2225 9.47786%

28 1.8197 8.1459 1.8223 9.1492 1.8555 8.1934 1.8345 8.1515 1.8479 09.1660 1.8573 8.1802 1.8329 8.1936
= 1.8271 8.1544 1.8136 0.1467 1.0248 8.1763 1.8321 09.1667 1.0300 ©.1700 1.8562 8.1678 1.8218 0.1866

Compute uncertainty variable for each response simulation j, as Uj = Cj/Rj for each quantity.
Using the Uj simulations compute the Umean and U c.o.v. for each response variable.
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Computed 84% NEP Shear Strain and Pf/a in Panels
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Fitting Lognormal Models for Fragility Curves

AB ShearWall - Displacement {Panel 17)
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Computation of Overall Risk, Unconditional Pfail

Annual Probability of Exceedance

AB Shearwall Model (PF CDF) - Panel 25
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Pfail for 7, 3 and 1 Level Seismic Hazard Levels

Displacement

Panel # pf mean pf C.0.V. f 90%CDF pf 90%LOGN pf 95%CDF pf 95%LOGN
15 1.82E-087 2.71 3.60E-287 3.38E-007 4.27E-007 4.27E-087
16 2.40E-287 1.6 5.48E-287 5.02E-0087 7.17E-887 6&.88E-087
17 7 .80E-087 .49 1.26E-286 1.27E-8B6 1.48E-886 1.58E-286
24 8.78E-087 2.608 1.55E-286 1.52E-@86 1.85E-886 1.87E-B86
25 9.22E-887 B.68 1.71E-286 1.68E-806 2.11E-886, 2.10E-B86
28 4.59E-887 a.24 6.84E-287 6.84E-207 . 6.53E-9R7 \ 6.58E-9@7
29 4.16E-287 .46 6.65E-287 6.65E-207 /// 7.72E-887 7.81E-087

Displacement Random

Panel # pf mean pf C.0.V. £ 99%CDF pf 90X%LOGN pf 95%CDF pf 95%LOGN
15 3.94E-208 8.54 6.85E-208 6.63E-208 7.61E-DB8 7.96E-2088
16 4.34E-808 @8.81 8.95E-208 8.39E-008 1.1@E-287 1.89E-287
17 6.67E-807 1.6 1.52E-286 1.39E-206 1.97E-286 1.91E-286
24 6.56E-287 e.80 1.35E-286 1.26E-806 1.64E-286 1.63E-286
25 6.17E-887 8.7e8 1.18E-886 1.13E-886 1.43E-086, 1.42F-086
28 2_.98E-887 8.96 6.65E-887 6.86E-887 7 8.61E-887 \\S.lSE—BE?
29 2.38E-887 @8.87 A4.87E-BB7 4.54E-887 6.89E-087 \5.96E-B8B7

Displacement Random

Panel # pf mean pf C.0O.V. pf 90%CDF pf 9@%LOGN pf 95%CDF pf 95%LOGN
15 5.2BE-086 2.79 1.39E-885 1.16E-885 2_.77E-B85 1.98E-885
16 1.51E-885 4.66 2.72E-885 3.13E-885 6.61E-885 5.85E-885
17 4.39E-008 1.17 1.83E-887 9.38E-088 1.38E-0887 1.32E-087
24 8.14E-008 3.34 2.14E-887 1.79E-887 J.88E-B87 3.17E-0887
25 3.26E-888 2.66 8.74E-888 7.34E-888 1.52E-887 » 1.24E-887
28 2.61E-885 3.96 4.82E-005 5.54E-885 » 1.25E-804 \ 1.91E-804
29 4.49E-007 4.33 8.83E-087 9.48E-087 2.@0E-806 \l.74E-806

Pisplacement Random

Panel # pf mean pf C.O.V. f 98%CDF pf 980%L0OGN pf 95%CDF pf+ 95%LOGN
15 1.41E-088 8.95 3.21E-888 Z2.85E-088 4 .B8E-8088 3.81E-088
16 2.47E-888 1.35 b.85E-883 5.43E-888 8.45E-888 7.85E-888
17 3.48E-087 1.11 /.98E-887 7. 34E-887 1.86E-886 1.82E-886
24 2.46E-087 1.1@ 5.68E-087 5.18E-887 7.52E-887 7.17E-067
25 2.22E-887 1.82 A4.87E-887 4.59E-887 6.58E-B8/% 6.23E-887
28 /. 7BE-988 1.82 1.71E-887 1.61E-887 < 2.31E-887 \ 2.18E-887
29 4.98E-888 8.94 1.86E-887 1.88E-887 1.38E-887 1.34E-887
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ARS for 5 Seismic Levels/2Hz Equipment Frequency
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Lognormal Model for Fragility Curve Could Fail!

AB ShearWall -
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ARS (Mode 9)
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ACS SASSI Framework Development

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

O ACS SASSI Main Software
L) Option A-AA (Integration with ANSYS)

W Option PRO (Probabilistic SRA and SSI) Option

!
|
!
B Option NON (Nonlinear Structure) A-AA :
|
!
|

ﬁ

|
|
|
|
| (ANSYS)
|
|
|
|

Nonlinear
Option Seismic Site Option Linearized Option Option
e * Cinput  je»| Response W PRO ss| PRO >  FRAG
Simulation Analysis (PSRA) (SASSI) (PSSI) (Risk)
(SRA)
Future On-going

ACS SASSI Toolboxes
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Conclusions
Design-Level:

For same seismic GRS input (probabilistic and mean):

At Basemat and Lower Elevations:

- For the first, global SSI mode at lower frequencies, the 80% NEP
Probabilistic ISRS responses appear to be slightly larger, up to
20-25%, than Deterministic ISRS responses.

- At higher frequencies, Deterministic ISRS peaks are larger
These observations appears to be valid for both surface and deeply
embedded structures (shown in 2014 DOE NPH SSI presentation).

At Higher Elevations:
- Deterministic ISRS responses are significantly larger than
Probabilistic ISRS.

This is due to the reduced damping value in Deterministic SSI analysis
(4% damping) than in Probabilistic SSI analysis (random values > 4%).
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Beyond Design-Level:

- ASCE 4-16 provides a probabilistic physics-based modelling for
computing fragility data, reducing substantially the traditional
fragility model subjectivity.... VERY IMPORTANT ASPECT

- Traditional lognormal model for fragility curves appears to be
often crude, or even inappropriate on a case-by-case basis.

This is especially true for the equipment fragility curves due to the ISRS
resonant frequency shifting that is not captured by the simple lognormal
probability model. Different fragility curve models should be used in future.

- The multiple level/multipoint risk estimate approach provides
significantly improved risk predictions than the traditional single

level/point risk estimate approach with SSI response scaling.
Using 7e-5 probability level with nonlinear SSI analysis as a review
level is better than using 7-e4 probability level with linear SSI analysis:
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