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Day 3B Presentation Content:

1.Option PRO: Probabilistic Site Response and SSI 

Analysis (per ASCE 4-16)

2.Option UPLIFT: Nonlinear Foundation Uplift SSI 

Analysis (per JEAC 4601-2015)
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1. Option PRO: Probabilistic Site Response 

and SSI Analysis (per ASCE 4-16)
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ASCE 4-16 Sect. 2 and 5.5 on PSRA and PSSIA 

-The recent ASCE 4-16 standard provides anunique set of 

engineering guidance for modeling SSI uncertainties using 

physics-based probabilistic SSI models.

- Probabilistic SSI analysis is a superior engineering approach,    

if correctly implemented by the analyst. PSSIA represents the 

future. The ASCE 4-16 based probabilistic SSI analysis provides 

a  solid physics-based modeling basis for improving the design-

basis SSI analysis and the fragility calculations in next future.

- Need of additional research projects and publications so that 

designers see differences between probabilistic and 

deterministic SSI results. Dual applications with both DSSIA and 

PSSIA useful.
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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 SSI Analysis (PSSIA)



Negative Correlation

ASCE 4-16 /ACS SASSI Option PRO Probabilistic 

SSI Simulation Approach

Spatial 

correlation 
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Vs and D

Soil Profiles

Nonlinear Structure with

Options PRO and NON

Seismic 

Inputs 

Structure

Negative Correlation
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Three major steps are applied: 

1) PREPARE SSI INPUTS: Using ACS SASSI PRO modules, 

generate the input simulations (ProEQUAKE, ProSITE, ProSOIL

and ProHOUSE, ProNON, ProMOTION, ProSTRESS) 

2) PERFORM SSI ANALYSIS: Using the 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 the ACS SASSI 

PRO modules, post-process statistically the ensembles of the 

simulated SSI responses (ProSRSS, ProRESPONSE) 

REMARK: The SSI input mean values which are deterministic 

quantities defined in the baseline files that are generated with the 

ACS SASSI UI commands, similar to deterministic SSI input values.

PSRA and PSSIA Computational Steps
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Option PRO Modules for PSRA and PSSIA
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Probabilistic Simulation Using PRO Modules

DET/ INPUT MEAN VALUES

Baseline Input Files (UI) 

(BASELINE.ModuleExt)

PRO/ INPUT STATISTICS

GProModuleInput Files (Text)  

(GModuleExt.In)

PRO MODULE INPUT SIMULATIONS

Simulated Input Files for ACS SASSI runs

(GModuleNameXXX.ModuleExt)

Generated with ACS SASSI 

UI Commands, similar to a 

deterministic SRA/SSI 

models.

Using ACS SASSI main 

software.

Generated with PRO 

Modules for user input text 

files. 

Using ACS SASSI option 

PRO software.
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ProEQUAKEModule

The ProEQUAKEmodulesimulatesthe LHS randomsamplesfor the

probabilisticinputGRS(the.rsi extensionfiles)and,then,generatesthe

spectrum-compatibleinputaccelerationhistories(the.accextensionfiles)to

be usedas inputsfor probabilisticsimulations. The responsespectrum

shapecanbemodeledaseithera lognormalrandomvariableora lognormal

randomfield. Bothmethods,Method1 andMethod2 of theASCE4-2016

standardSection5.5areimplementedinOptionPRO.

ProEQUAKEusesa similaralgorithmwithEQUAKEforthesimulationof the

randomspectrum-compatibleinputaccelerationhistories. The simulated

accelerationhistoriesare automaticallybaselinecorrected. For each

simulatedaccelerationthe user can also get the groundvelocityand

displacementhistories(the.veland.disextensionfiles),thepowerspectral

density(PSD)function(the.psdextensionfiles)andtheFourieramplitude

(the.fftextensionfiles). FordetailsseeusermanualsforEQUAKE.
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ProSITEModule
TheProSITEmodule(Model1 andModel2) simulatesthe LHSrandom

samplesfor theSITEmoduleinput(the.sit extensionfiles). TheProSITE

modulegeneratesthesimulatedlow-strainsoilVs andD profiles. TheVs

andD couldbedefinedasstatisticaldependentrandomquantities. TheVs

spatialcorrelationwithdepthcanbeincluded.

ThesoilprofilescanbedefinedusingtwoGaussiancontinuousstochastic

processmodels: i) Model1, normalor lognormalrandomcurves/fields,or ii)

Model2, mixtureof long wavelengthrandomcurves/fieldsand short

wavelengthlognormalrandomcurves/fields. Lognormalsoilprofilescanbe

obtainedperuserôsoptionby an inverseprobabilitytransformation(for

translationnon-Gaussianprocesses). This is implementedto be made

automaticallyatnoeffortfortheusers.

The Vs soil profilescan be also simulatedusinga non-homogeneous

Poissondiscretestochasticprocessmodel(Toro,1995).

Foriteratedsoilprofilesthe.sit filesgeneratedbyProSITEandtheFILE88

producedbySOILrunsareusedasinputsfortheSITEruns.
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ProSOILModule

The ProSOILmoduleis requiredfor nonlinearprobabilisticsite response

analysis. TheProSOILmodulesimulatestheLHSrandomsamplesfor the

SOILmoduleinput(the.soi files). ThesimulatedsoilshearmodulusG and

dampingD curvesareconsideredfunctionsof thesoilshearstrainin each

soillayer.

TheVsandDprofilesaredefinedasstatisticaldependentrandomquantities.

Fornonlinearsiteresponseanalysisthe.soifilesgeneratedbyProSOILwill

beusedasinputsfortheSOILruns.

AftereachSOILrun,for PSSIA,the SITEmoduleshouldbe run withthe

ñNonlinearòoption,sothattheiteratedsoilpropertiesfromSOILrunwrittenin

FILE88willbeusedbySITEandeventuallybyHOUSEfortheembeddedSSI

models.
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PSRA Batch Run Steps (See Examples)
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PSRA Batch Example ðProEQUAKEand ProSITE

ProEQUAKEand ProSITEare 

used to simulate probabilistic 

free-field accelerations and 

soil profiles - samples
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PSRA Batch Example ðUse SOIL and EQUAKE

SOIL and EQUAKE are used to 

compute simulated site 

response accelerations and 

ARS
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PSRA Batch Example ðUse ProRESPONSE

ProRESPONSEis used to 

compute probabilistic site 

response ARSC
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ProHOUSEModule

TheProHOUSEmodule(Option1 forStructureandOption2 for2D Soil

Models)simulatestheLHSrandomsamplesfortheHOUSEmoduleinput

file(the.houfiles).

TheProHOUSEOption1 assumesthatthestructuraleffectivestiffness

(normalizedto elastic stiffness)and dampingare two statistically

dependentrandomvariablesforeachmaterialselectedbytheuser. The

effectivestiffnessanddampingvaluesaredifferentfordifferentpartsof

thestructurethathavedifferentsheardeformationlevels.

TheProHOUSEOption2 simulatestheiteratedVsandD for2D layered

soilmodelsusing2D/2Vstochasticfieldmodels.
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PSSIA Batch Run Steps (See Examples)
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ProEQUAKEis used to generate 

probabilistic spectra and 

acceleration inputs

ProMOTIONand ProSTRESSused to 

generate probabilistic seismic inputs for 

MOTION and STRESS

PSSIA Batch Run ðUse ProEQUAKE
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ProHOUSEis used to 

simulate structure 

stiffness and damping 

ProSITEused to simulate Vs 

and D soil profiles. 

Convergence is checked by 

Check_Linear_Site.bat

PSSIA Batch Run ðProHOUSEand ProSITE
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ACS SASSI 

modules used for 

SSI batch runs for 

all simulations;

SITE, POINT, 

HOUSE, ANALYS, 

MOTION

PSSIA Batch Run ðSSI Simulation Runs
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ACS SASSI 

modules used for 

SSI batch runs for 

all simulations;

STRESS

PSSIA Batch Run ðSSI Simulation Runs
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PRO Post-Processing ðProSRSS& ProRESPONSE

ProSRSSused for 

combining the 

maximum responses 

for ARS and stresses

ProRESPONSEused 

for computing mean 

ATF values (TFU, TFI)
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Post-Processing ðProRESPONSEfor ARS

ProRESPONSEused for 

computing mean and 

probability-level

ARS using Sample CFD, 

Gumbel and Lognormal 

distributions
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Post-Processing ðProRESPONSEfor STRESS

ProRESPONSEused for computing 

mean and probability-level

element stress components using 

Sample CFD, Gumbel and 

Lognormal distributions
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Option PRO Modules.

Input Guidance and Examples



2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. 5-Day ACS SASSI Introductory Training Notes

Probabilistic Seismic Input Models

29
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ProEQUAKEfor Probabilistic Seismic Input

Method 1 Method 2
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Example for ProEQUAKEInput Parameters
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(Baker and Cornell, 2006)

GRS Amplitude Correlation for Different Frequencies
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ProEQUAKEInput Parameters
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Constant vs. Variable Correlation Lengths

Variable correlation length

or correlation matrix capture 

better the site response
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Probabilistic Vs and D Soil Profile 1D Models      

Using Multiple Homogeneous Segments

Different statistical

properties for 

different soil profile 

segments in depth
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Vs & D Profiles Using Continuous Process 1D 

Models. Two Variation Models, M1 and M2

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

Short and large 

correlation lengths
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Typical Probabilistic Vs Soil Profile Variations
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Typical Probabilistic Vs Soil Profile Variations
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Simulated Vs for 2ft & 20ft Correlation Lengths
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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

ProSITEfor Probabilistic Vs and D Soil Profiles

Vs=9,200 fps



Option PRO Soil Profiles & Material Curves      Simulated Vs Profiles for Nonuniform Soils Using 

Continuous Process Models
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Using Model 1

Using Model 2


