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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 shearwallbuilding fragility analysis

To answer to key questions:     

- Is Probabilistic SSI more conservative or unconservativethan  

Deterministic SSI for the seismic design-levelanalyses?               

- 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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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. 

ASCE 4-16 Probabilistic Site Response Analysis 

(PSRA) and Probabilistic SSI Analysis (PSSIA)



Negative Correlation

ASCE 4-16 Probabilistic SSI Simulation Concept

Spatial 

correlation 
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2D Soil 

Profiles

ACS SASSI with 

Options PRO and NON
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Probabilistic Seismic Input Models

No variation
of spectral shape

Include variation
of spectral shape
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Vs and D Soil Profile Probabilistic Models 

Using Multiple Segments Split

Different statistical

properties for 

different soil profile 

segments in depth
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Vs and D Soil Profile Probabilistic Models.      

Two Variation Scale Models Based on Field Data

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

Short and large 

correlation lengths
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Probabilistic Soil Material Curve Models      

Soil curves show 

large correlation 

lengths along the 

shear strain axis.

G/Gmax-Shear Strain

Damping-Shear Strain
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Probabilistic Structural Models; Effective Stiffness and 

Damping of Panels Dependent on Strain Levels

- Keff/Keland Deffvariables should defined by user for each element group.

- Effective stiffness ratio Keff/Kelasticand damping ratio, Deff, are modeled 

as statistically dependent random variables. They can be considered 

negatively correlated, or Deffdefined as a response function of Keff/Kelastic

based on experimental tests

Deff= f (Keff/Kelastic)
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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, ProSOILand 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 SASSI PRO 

module, post-process statistically the ensembles of the SSI 

responses (ProSRSS, ProRESPONSE) 

ACS SASSI Probabilistic SRA and SSIA Steps



Probabilistic vs. Deterministic SSI Study

For Deeply Embedded SMR Structure
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STIFFNESS and 

DAMPING:

ProbKeff/Kel

Mean = 0.80;  

C.O.V. = 10% 

ProbDmean= 6%;  

C.O.V. = 30% 

Keff/Keland D 

correlation -0.8

DetKeff/Kel= 1

DetD = 4%
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Using Model 1

Using Model 2

c.o.v. (Vs)  = 20%, c.o.v. (D) = 30%, corr(Vs, D) =-0.40 plus corr. length

Depth (ft)

Vs (fps)

Mean

UHRS

Input

FIRS Input

Probabilistic and Deterministic Soil Profiles

Vs=9,200 fps
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ProbabilisticHorizontal ISRS (Mean and 84% NEP) vs. 

Deterministic (LB, BE, UB) at Elev. 0 ft (Foundation Level)

Model 1 Model 2
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Probabilistic Vertical ISRS (Mean and 84% NEP) vs. 

Deterministic (LB, BE, UB) at Elev. 0 ft (Foundation Level)

Model 1 Model 2
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ProbabilisticHorizontal ISRS (Mean and 84% NEP) vs. 

Deterministic (LB, BE, UB) at El. 170ft (30ft above ground)

Model 1 Model 2
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ASCE 4-16 Probabilistic SSI Based Fragility 

Analysis of A Low-Rise ShearwallBuilding

Nuclear building model split in 

nonlinear panels; done semi-

automatically using ACS SASSI UI

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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Compute confidence-based
Probability of Failure estimates

17

Probabilistic SSI Analysis Performed Twice at Review  

Level(s) for Random and Composite Variations

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

Epistemic Uncertainty

Variability

Steps 1 and 2
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Rock Hazard Curve - Using 7, 3 and 1 Review Levels
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0.25g GRS Simulations Using ASCE 4-16 Method 2

Spectral Amplitude

c.o.v. = 28%

c.l. = 10Hz
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Uncertain Scaling Factor:
Means  = 1;

Vs c.o.v= 30%;

D c.o.v. =  40%;

Random Soil Profiles:
V1: Vs c.o.v. = 15%  and c.l. = 1,000ft

V2: Vs c.o.v. = 14%  and c.l.= 100 ft

Total Vs c.o.v= 20%

Corr(Vs, D) = - 0.40

Simulated Soil Profiles for Random and Composite

Depth (ft)

Vs

Vs

Random

Composite
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Random Composite

Random BBC Variations for Nonlinear Wall Panels

Panel 17

Panel 25

BBC Variations:

Mean = Wood 1990 shear capacity

Random: c.o.v. =15%

Composite: c.o.v.=33.5%


