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Day3B°Rresentation Content:

1.Option PRO: Probabillistic Site Response and
Analysiger ASCE-16)

2.OptiolJPLIFT: Nonlinear Foundation Uplift S€
Analysis (per JEAC 48015)



1. Option PRO: Probabilistic Site Respc
and SS| Analysis (per ASCE)
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ASCE4 6 Sect? 2rand5y5 enFRSRAFand/P

-The recent ASCH @ standard providesinique set of
engineering guidance for modeling SSI uncertainties us
physicdased probabilistic SSI models.

- ProbabilisticcSSl-analysis isasuperior engineerng ap
If correctly implemented by thesaRBA represents the
futureThe/ASCE-46 hased probabilistic 5SSl analysis prc
a solid physitoased modelingshasis/fonimprovingthe ds
basis:SSlranalysis/and the fragility./calculationsiin:next

- Need of additional research projects and publications
designers see differences between probabilistic and
deterministic SSI results. Dual applications with both D
PSSIA useful.



ASCE! 46 RProbabiistiC SShAnalysis (PSS,

Based on the new ASCEWb recommendations

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

- For thelesigrevel-applicatigmsobabilistic SSI response:
should defined for the 80%ero@edance 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.

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




ASCE 46 /ACS SASSI Option PRO Probab
SSI:Simulation/Approach

Stiffness NonlineafStrutctureiwwith
Options"RRArarttNON
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PSRA and PSSIA Computational Steps
1)PREPARE SSI INPUTUSNQACS SASSI PRO modules
generate the input simulafieree= QUAKProSITEHroSOIL
andProHOUSEroNONProMOTIQRroSTRESS

2)PERFORM SSI ANALY 8ISing thACS SASSI modules)
In batch the ensembles of the simulated input files to con
SSl responses (SITE, SITE, SOIL, HOUSE, ANALYS, M(
RELDISP, NONLINEAR, STRESS).

3)POSTPROCESS SSI RESPONSERKg thACS SASSI
PROmModules, poeptocess statistically the ensembles of thi
simulated SSI respongEsSRSIProRESPONSE

REMARKIhe SSI input mean values which are determinis

guantities defined in the baseline files that are generated

ACS SASSI Ul commands, similar to deterministic SSI in
7



Option ' PRO Modules for PSRAand PSSI

Check_Site_QOutput.exe Application 10,378 KB
ProkEguake.exe Application 1,970 KB
PROHOUSE.exe Application 9,270 KB
ProMotion.exe Application 695 KB
ProNon.exe Application &0 KB
ProResponse.exe Application 178 KB
ProSite.exe Application 9,651 KB
ProSoil.exe Application 9,079 KB
ProSRSS.exe Application 722 KB
ProStress.exe Application 37 KB
SITEPRO.exe Application 640 KB
Write_Site_Input.exe Application 25 KB
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Probabilistic $SSI Analysis Simulations
Using N LHS Samples

Input Files Loop j=1,N Output Files

jth File1
.sit File1X
File88 File1Y

J, E File1Z
Point i
: v i
House i
Analysis X, Y, Z H——>

Site X, Y, Z

File8X
File8Y
File8Z

W'
Motion X, Y, Z
1
1
: o
—> Stress X, Y, Z
|

ProSRSS
AR

ProResponse

jth

stress.out
.TFU
TFI

RS
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Probabilistic: Simulation:Using PRO Maoduls

DET/INPUTEMEAN.VALUES PRO/NNPUITISTATISTICS

BasglinerinptitiEies|(UI) GPRroMadialnputt Fites TEext)
(BASEINN El MootiiHed: xt (GNteduweBExh)n
\ /
Generated with ACS:SASSI Generated with PRO
Ul Commands;similar to a Module$ foruserinput text
deterministic:SRA/SSI files.
maodels.

Using’ACS/SASSIioption

Using’AES/SASSIimain PROssoftware.
software. /

PROWODULEANPUT SIMULATIONS
SimulatedrimputiElésrfaC AESSSASSI runs
(GtetuehiameX XN adule Ext
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Probabilistic SSI Input Simulations
Using N LHS Samples
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@ .--=" (see separate figure)
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ProEQUAKHEedule

The ProEQUAKIEBodulesimulateghe LHS randomsamplesfor the
probabllistimputGRS(the .rsi extensioffiles)and,then,generateshe
spectrursompatiblmputacceleratiomstorieg¢the.accextensiofiles)to
be usedas inputsfor probablilistisimulationsl'he responsespectrum
shapecanbemodeleaseithemllognormabndonvariabl®ralognormal
randonfield Bothmethods\Methodl andMethod® of the ASCE4-2016
standar&ectiorn.5 areimplementad OptiorPRO

ProEQUAKIEsesa similaalgorithrwithEQUAKEorthesimulationfthe
randomspectrursompatiblenput acceleratiohistories The simulated
acceleratioristoriesare automaticallypaselinecorrected For each
simulatecacceleratiothe user can also get the groundvelocityand
displacemehistorieg¢the.veland.disextensiofiles) thepowelispectral
densityfPSD¥unctior{the.psdextensiofiiles)andthe Fourieamplitude
(the.fftextensiofiles) FordetailseeusemanualforEQUAKE
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ProSITEodule

TheProSITEnodulgModell andModel2) simulateshe LHSrandom
sampledor the SITEmodulanput(the.sit extensiofiles) TheProSITE
moduleggeneratethe simulatedowstrainsoil Vs andD profilesTheVs
andD couldbe definedas statisticalependemandonguantitiesTheVs
spatiatorrelatiowithdepthcanbeincluded

Thesoilprofilexanbe definedusingtiwo Gaussiamontinuoustochastic
processnodelsi) Modell, normabrlognormabndonturves/fieldsrii)
Model2, mixtureof long wavelengtrandomcurves/fieldand short
wavelengtlognormalandonturves/fieldeognormadoilprofilexanbe
obtainedoer u s e aptiby an inverseprobabilityransformatioffor
translatiomonGaussiamrocesses)This is implementetb be made
automaticaltnoefforfortheusers

The Vs soll profilescan be also simulatedisinga norhomogeneous
Poissomnliscretastochastiprocessnode(Toro1995.
Foriteratedollprofileghe sitfilesgeneratedy ProSITEndthe FILEBS
producedySOllrunsareusedasinputdortheSITEuUNS
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ProSOlIModule

The ProSOIllmodules requiredor nonlineaprobabllistisite response
analysisThe ProSOllmodulesimulateshe LHSrandonmsampledor the
SOILmodulanput(the.soifiles) Thesimulatedoilsheamodulu$s and
dampind curvesare consideretlinction®f the soilshearstrainin each
solllayer

TheVsandD profilesredefinedsstatisticalependemandonguantities
Fornonlineasiteresponsanalysishe .soifilesgenerately ProSOllwill
beusedasinputdortheSOIlLruns

AftereachSOILrun,for PSSIAthe SITEmoduleshouldbe runwiththe
A N o n loptionsodhattbheiteratedoilpropertiefBomSOIlLrunwrittenn
FILB8willbeusedoySITEandeventuallpgyHOUSEortheembedde8SI
models
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PSRACBatchRunSteps { Seekxamples

Prepare PSRA Inputs Steps:

Run ProEQUAKE Module to get input acceleration time histories ACCxxx.acc

Run ProSITE to get GSITExxx.sit
Run Pro50IL Module to get the nonlinear soil curve samples G50ILxxx.soi

Sample SRA Analysis Steps:
Run SOIL Meodule (3 Runs for X, Y and Z)

15
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PSRA:Batch Exam@®roEQUAKBnd ProSITE

1 m This batch is to do probabilistic site response analysis for a soil site.

2 rem No s0il nonlinear behavior is included. The UHRS input is defined at bedrock.

3 SET exe path="C:/ACSV300/PRO/"

4 rem Part 1: Generate the probabilistic simulated inputs

5 rem ProEQURKE: Get the time histories for ProMOTION and ProSOIL

6

7 ed .\ProEquake\xdir

8 texe path%Proequake.exe < GEQU-SOIL.IN

5 ed ..\ydir

10 texe path%Proequake.exe < GEQU-SOIL.IN

11 ed ..\zdir

12 texe path%Proequake.exe < GEQU-SOIL.IN

1 ed

14 ecd

. orositE: ProEQUAKENdProSITEre
17 ed .\ProSite : H S
18 texe path%Prosite.exe < gsite.imn used to SImUIate prObabIIIStIC
il freefield accelerations and
21 rem ProSOIL: Soil soil profiles samples

22 for %%7 in (X ¥ Z) do |

23 mkdir .“\ProSoil\%%7dir\MELN

24 mkdir .\ProSoil\%%jdir\SampleD

25 mkdir .“ProSoil\%%jdir\GumbelD

26 mkdir .\ProSoil\%*%jdir\LognormalD

27

28 copy .\ProEquake\*%Jdir\ACC* . ACC .\ProSoilh\%%dirx\ACC* ACC

29 copy -\ProSite\GSITE*.SIT .\ProSoil\%%jdir\GSITE*.SIT

30 copy .\inputs\SOIL.INP .\ProSocili%%3dir\SOIL.INF

31 copy -\inputs\EQUAKE.INP _\ProSoil\%%jdir\EQUAKE.INP

32 copy .\inputs\Spectru.RS .\ProSoil\%#%jdir\Spectru.RS

33 copy .\inputs\EQUAKE.EQU .\ProSoil\%%9dir\PSRA.EQU

34 copy .\inputs\samples cases.txt .\ProSoil\%%jdir\Samples cases.txt

35 copy .\ProResponse‘\R5*.IN .‘\ProSoil\%%jdir\*.IN .
36
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PSRACBatch :ExamplélseS0lkantCEQWAK

ced .\ProSoll\%%jdir

copy ..\BASELINE.soi BASELINE.sol

texe path%Prosoil.exe < gsoil.in

FOR /F %%i IN (.\Samples cases.txt) DO |
copy GSOIL%%i.sol PSRA.soi
rem Run SOIL to compute free-field accelerations
C:\ACSV3I00O\EXEB\SOILB.exe < s0il.inp
copy PSRRA.osol gsolil%%i.osoil
copy FILESES FILEBB-%%i
copy ACC* TH ACCO*_ TH*%i

=]

(]

(ISR O R R ]

=] & LN o= Lo P = O LD

rem layer 1 acceleration. compute ARS using EQUAEE
copy ACCO01.TH input-acc.acc
C:\LCSVI0DO\EXEB\EQULEEB.ex=s < equake.inp

copy input-acc.rso rso-ll.r%%i

rem layer 7 acceleration. compute ARS using EQUAEE
copy ACCO07.TH input-acc.acc
C:\LCSVI0DO\EXEB\EQULEEB.ex=s < equake.inp

copy input-acc.rso rso-17.r%%i

rem layer 14 acceleration. compute ARS using EQURAEE
copy ACCO0l14.TH input-acc.acc
C:\LCSVI0DO\EXEB\EQULEEB.ex=s < equake.inp

copy input-acc.rso rso-114.r%%i

) SOIL and EQUAKE are used tc
compute simulated site

response accelerations and
ARS

=] & LN o= LD M = O LD

(]

[ 2T ¥ I i O O i [ B oy ' =Y ="y ¥ =¥ ="l =gyt =S¥ =Syt =
o

[ RN
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PSRACBatch Examplé)seProRESPONSE

=t

rem Compute probabilistic ARS using ProRESPONSE
texe path%ProRESPONSE.exe < R5-MEAN.in

copy *MERN.RS _\MERN\*MEAN.RS

copy *.out .\MEEBN\*.out

del *MEAN.RS *.out

texe path%ProRESPONSE.exe < R5-SampleD.in
copy *P*_ RS .\SampleD\*P*_RS

copy *.out .\SampleD\*.out

del *P*_ RS *_ out

texe path%ProRESPONSE.exe < R5-GumbelD.in
copy *P*_ RS .\GumbelD\*P*_RS

copy *.out .\GumbelD\*.out

del *P*_ RS *_out

texe path%ProRESPONSE.exe < R5-LognormalD.in
copy *P*_ RS .\LognormalD\ *P*_RS

copy *.out .\LognormalD%*.out

del *P*_ RS *_out

=] & N B Lo [

e}

=] =1 & S & S S S S O 3y
oo«

=

1 =3 =1 -1
] o LN s L [

—] =] -

cd

cd .. ProRESPONSE&used to
compute probabilistic site
response ARSC

=] =]
o0

0
= D
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ProHOUSEodule

TheProHOUSKEoduldOptiorl for StructurandOptior for 2D Soll
Models$imulatetheLHSrandonsamplefortheHOUSHEnodulenput
file(the.houfiles)

TheProHOUSBptionl assumeshatthe structuragffectivestiffness
(normalizedo elastic stiffness)and dampingare two statistically
dependemtaindonvariableforeachmateriaselectedytheuser The
effectivestiffnesanddampingaluesare differentor differenpartsof
thestructuréhathavedifferensheadeformatidevels

TheProHOUSDptior2 simulatetheiterated/sandD for2D layered
sollmodelsising2D2V stochastifteldmodels
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PSSIASBatch i Run:sSteps« Seetbxamples

PSRA and PSSIA Inputs Steps:

Run ProEQUAKE Module to get input acceleration time histories ACCxxx.acc
Run ProSITE to get GSITExxx.sit

Run SITE Module to get the free-field simulation

Run Check_SITE_output Module to checkif all the SITE module convergence.

1 1
1 1
I | |
1 1
]

i i
1 |
| ]
1 1
1 |
: NOTE: If some of the SITE samples are not convergent, then, the file :
| “samples_cases.txt” will provide the list of the nenconverged samples. Otherwise, this :
: file does not exist. Module Write_SITE_Input will write the final convergent SITE i
I simulated input files. :
l 0
1 | |
| ]
i ]
1 1
1 1
I [ |
1 1
1

Run ProSOIL Module to get the nonlinear soil curve samples G SOILxxx.soi
Run SOIL Module to get the in-column input acceleration histories ACCoo.th
Run ProMOTION Module to get MOTION inputs GMOTIONo.mot

Run ProSTRESS Meduleto get MOTION inputs GSTRES Sxxx.str

Run ProHOU SE Module to get House inputs HOUSExxx.hou

I
Sample 551 Analysis Steps: |

Run SITE Module (3 Runs for X, Y and Z)
Run POINT Module (1 Run)
Run HOUSE Module (1 Run)
Run AMALY S Module (1 Runfor X, Yand Z
Run MOTION Module (3 Runs for X, Y and Z)
Run STRESS Module (3 Runs for X, Y and Z)
Run ProSRSS Module (1 Run for X, Y and Z)

PSSIA Response Post-Processing Steps:

Run ProRESPONSE Module to compute mean TFU and TFI, andlor
probabilistic level RS and STRESS responses:
Useroptions for computing mean cr probability level responses.
- Useroptions for computing probabilistic responses using: Sample
distribution, Lognormal distribution or Gumbel distribution.

T T T T T T T T 20
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rem
SET
rem
rem

cd

cd .

cd .

cd ..
cd ..

rem
for

)
rem
for

PSSIAZBatch _RuﬁiJseProEQUAKE

This batch is to do probabilistic SSI sis of BB stick for a soil sit
exe path="C:/RCSV300/PRO/"

Part 1: Generate the probabilistic simulated inputs

ProEquake: get the time histories for promotion and prosoil

A\ProEquake’\xdir

: Proequake.exe < GEQU-SOIL.IN
exe.pathiprosquake.exe < GEQU-SOTE. TN ProEQUAKIS used to generate
ce.pathtFrosquske.exe < GEQU-SOLL.IN probabilistic spectra and

acceleration inputs

ProMotion: generate *.mot files
in (coh) deo (
for in (X ¥ Z) do (
mkdir .\ProMotion\ N\ DIR
copy .\ProEquake\ dir\ACC*.ACC .\ProMotion' Y DIRM\ACC* (ACC
copy .\ProMotion\GMOT.IN .\ProMotion\ N DIR\GMOT.IN
copy .\ProMotion\ \BASELINE.mot .\ProMotion\ N DIR\BASELINE.moOt

cd .\ProMotion\ kY DIR
ProMotion.exe < GMOT.IN
cd ..

cd .. ProMOTIOANdProSTRESGsed to
generate probabilistic seismic inputs fc
P:-:)S‘_c:ess: generate *.str files MOTION and STRESS

in (coh) deo (
for in (X ¥ Z2) do |
mkdir .\ProStress\ \ DIR
copy .\ProEquake\ dir\ACC* .ACC .\ProStress\ \ DIR\ACC* (ACC
copy .\ProStress\GSTRESS.IN .\ProStress\ \ DIR\GSTEESS.IN
copy .\ProStress\ \BRSELINE.str .\ProStress)\ \ DIR\BASELINE.str
cd .\ProStress\ \%%9DIR
ProStress.exe < gstress.in
ced ..
ced ..
cd ..

21
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PSSIASBatcA RWProHOUSEnd PreS1EE

rem ProHouse: generate *.hou files
cd .\ProHouse\coh

prohouse.exe < ghou.in
cd ..
cd ..

sit files
.A\ProSite\SITE. INP

rem ProSite: generate *.

copy .\inputs\SITE.INP

cd .\ProSite

copy gsite.in wgsite.in

prosite.exe < gsite.in

cd ..

call check linear si

cd .\ProSite

Write Site Input.exe < wgsite.in

cd
rem part 2: Run Site, Point, House, analysis: Soil
mkdir Work
mkdir outputs\coh\XDIR
mkdir outputs\coh\YDIR
mkdir outputs\coh\ZDIR
copy .\inputs\SITE.INP .\Work\SITE.INF
copy .\inputs\POINT.INP .\Work\POINT.INP
copy .\inputs\HOUSE.INP .‘\Work\HOQUSE.INP
copy .\inputs\ANALYSIS.INP .\Work\ANALYSIS.INP
copy -\inputs\MOTION.INP .\Work\MOTION.INP
copy .\inputs\STRESS.INP .\Work\STRESS.INF
copy .\ProHouse\coh\samples cases.txt .\Work\samples cases.txt
cd . \Work
FOR /F IN (.\samples cases.txt) DO |
rem site: XDIR
copy ..\ProSite\GSITE -¥.s5it pssia.sit

SITEPro.exe < site.inp
copy FILE]l FILEI1X

copy pssia.osit . .\outputs\site X.out

ProHOUSIS used to
simulate structure
stiffness and damping

ProSITHRIsed to simulate Vs
and D soil profiles.
Convergence is checked by
Check Linear_Site.bat

SET exe path="C:/ACSV300/PRO/"

2 ed .\PROSite
4 FOR /F IN (.\samples cases.txt) DO (
5 rem site
copy GSITE .5it pssia.sit
SITEPro.exe < site.inp
copy pssia.osit gsite .0s5it
)
11 :start
12 check site output.exe < gsite.in
13 if exist samples cases.txt |
14 goto CONTINUE
15 ) else (
16 goto END
17 )
:CONTINUE
FOR /F IN (.\samples cases.txt) DO (
rem site
copy gsite .5it pssia.sit

SITEPro.exe < site.inp
copy pssia.osit gsite .0s5it
)
del samples cases.txt
goto start
:END

[T S T S T 0 T T T S T % T S T e I
[V e = I - P B i B Vs

30 ed ..
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P%MBBmtcﬁLRlﬁﬁSIﬁtmlaIMmmRuns

rem site: YDIR

1 & I:JI

copy - AProSite\GSITE%%i-Y.sit pssia.sit
87 texe path$%SITEPro.exe < site.inp
88 copy FILEl FILE1Y
B9 copy pssia.osit .. h\outputshsite%%iyY.out

rem site: ZDIR

copy ..\ProSite\GSITE%%*i-Z.sit pssia.sit
texe path$%SITEPro.exe < site.inp

copy FILEl FILElZ

copy pssia.osit ..\outputs\site%%iZ.out

rem point /\(:ES ES/\ESESI
copy . \inputs\rb.poi pssia.pol

99 VACSVI00MNEXEBA\point3b.exe < point.inp mOdUIeS used for
_ copy pssia.opol ..\outputs\point%%i.out SSI batCh runs for

rem house

copy ..\ProHouse\coh\house%%i.hou pssia.hou a” SImUIatlonS1
C:\ACSV300\EXEB\houseFSb.exe < house.inp

copy pssia.ohou ..\outputsicoh\house%%i.out SITE1 POINT,

107 rem anal}rSiS HOUSE’ ANALYS,
108 copy ..\inputs\rb-%%k.anl pssia.anl MOTION

109 C:M\ACSVIODONEXEBAanalysESbh.exe < analysis.inp
110 copy pssia.ocanl ..\outputs\%%ki\analysis%%i.out
copy FILESX ..\outputs\%%k\XDIR\FILEB %%i

copy FILEBY ..\outputs\%%E\YDIR\FILEB %%i

copy FILEBZ ..\outputs\%%E\ZDIR\FILEB %%i

[N & Y ]
M = o

=

5 o

I
P}

}
1 h 1 = G

-

I
I
b =

rem run motion and stress

for %%3 in (X Y Z) do |

117 copy ..\ProMotionh\®3k\%%jdir\gmotion®%i.mot pssia.mot

118 copy FILEB%%] FILES

119 \ACSV3I00\exeb\motionb.exe < motion.inp

120 copy *.tfi ..\outputs\%%k\$%IDIR\*. 1i%%i

121 copy *.tfu ..\outputs\%%k\$%IDIR\*. u%%i

122 copy *.RS \outputs\"k\"jDIR\* TH%i

123 copy pssia. omot . N\outputshEiENSYIDIR\motion%%i.out

2021 Copyright ot Ghiocel Predictive Technologies, Inc.. All Rights ResebagdAE S SASS| Introductory Tralnlng Notes
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PSSIASBatch R@OSSISSimulatioRnlRens

copy ..\ProStress\%%*k\%%7dir\gstress*%i.str pssia.str
C:\BCSV3ID0\exeb\stressbh.exe < stress.inp
copy pssia.ostr ..\outputs\%%k\*%IDIR\stress.o%%i
del *.tf* * R3S FILES
)
del FILESX FILEBY FILESEZ FILE77 FILET7S8 FILET7S
)
del FILEl* COO* *_o* * ACC *.s5% * _hou
)
)
ed .. ACS SASSI
call compute srss response.bat mOdUIeS Used fOr
SSI batch runs for
pause all simulations;

STRESS

24
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PRO PosProcessmg’S ProSRS S ProRESPONS

ISET exe path="C:/ACSV300/PRO/"

rem run ProResponse
4 for in (coh) do |
5 mkdir .“outputs\ “SRSS\ERS
: mkdir .‘\outputs\ \SR35\STRESS

mkdir .‘“outputs\ “SR5S\RS\MELN
C mkdir .‘“outputs\ “SR5S\RS\SampleD
1.4 mkdir .‘“outputs\ Y SRSS\R5\GumbelD
11 mkdir .‘“outputs\ “SRSS\RS\LognormalD

13 mkdir .‘“outputs\ “SR5S\STRESS\MEAN

14 mkdir .‘“outputs\ “SRS5\STRES5\SampleD

15 mkdir .“outputs\ Y5R35\ 5TRESS\GumbelD

16 mkdir .‘“outputs\ “SR5S5\S5TRESS\LognormalD

18 REM compute SRSS

19 copy .\ProSRSS\*.IN .\outputs\ \* IN ProSRSSSed for

2] copy .\ProsRsSs\*.str .\outputs\ “*.s5tT o

Bl T e ese < om0 com_bmlng the
maximum responses
: Ly .:.:opy ProSRSS.out .\\SRSS\STRESS\ProSRSS.out for ARS and StresseS
27 cd

29 rem transfer function

30 for in (X Y 2) do |

31 copy .\ProResponse DIRMWTF*.IN .‘outputs\ Y DIR\*_.IN
32 cd .h\outputsh Y DIR

33 ProResponse.exe < TFU-MEAN.in

copy Promesponse cut motespnee o ProRESPONSBed

_ - -f.::opy ProResponse.out ProResponse-TFI.out fOI‘ Computing mean

cd - ATF values (TFU, TFI)
- 25
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PostProcessing ProRESPONS&r ARS

rem RS, STEESS

copy .\ProResponse\RS*.IN .\outputs\
copy .\ProResponse\STRESS*.IN .‘\outputs\
Noutputsh “SRSS\RS

cd

cd

ProResponse.exe < R5-MEAN.in
copy *MEAN.RS .\MERN\*MERN.ES
copy ProResponse.out .\MEAN\ProResponse.out
del *MERN.ES ProResponse.out

ProResponse.exe < RS-SampleD.in
copy *P*_ RS .\SampleD\*P*_RS
copy ProResponse.out .\SampleD\ProResponse.out
del *P* _ES ProResponse.out

ProResponse.exe <€ RS5-GumbelD.in
copy *P*_.RS .\GumbelD\*P*.RS
copy ProResponse.out .\GumbelD\ProResponse.out
del *P*_ES5 ProResponse.out

ProResponse.exe < RS-LognormalD.in
copy *P*_.RS .\LognormalD\*P*_RS

YWSR5S\RS\ *.IN
Y SRS3\STRESS\*.IN

ProRESPONSIed for
computing mean and
probabilitylevel

ARS using Sample CFD
Gumbel and Lognormal
distributions

copy ProResponse.out .\LognormalD\ProResponse.out

del *P* _ES ProResponse.out

26
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PostProcessing ProRESPONI&r STTRESS

cd .\STRESS

11 FroResponse.exe < STRESS-MEAN.in
] 2 copy *MEEN.TXT .\MERN\*MERN.TXT

3 copy FProResponse.out .\MEAN\ProResponse.out
74 del *MEAN.TXT ProEResponse.out

ProResponse.exe < STRESS-SampleD.in
copy *P*.TXT .\SampleD\*P*.TXT
copy ProResponse.out .\SampleD\ProResponse.out
del *P* TXT ProResponse.out

61 FProResponse.exe < STRESS-GumbelD.in
52 copy *P* . TXT .\GumbelD\*P* TXT

53 copy FroResponse.out .\GumbelD\ProResponse.out
54 del *P*_ TXT ProResponse.out

ProResponse.exe < STRESS-LognormalD.in
copy *P* TXT .\LognormalD\*P*_ TXT
copy ProResponse.out .\LognormalD\ProResponse.out

del *P* TXT ProResponse.out
ProRESPONSIEed for computing

91 cd

cd .. mean and probabilitgvel
» o element stress components using

95 ) Sample CFD, Gumbel and
Lognormal distributions
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ProbabilisticcSeismicdnput Models

ASCE 04Method 1

GRS

No variation
of spectral shape

GRS /mples
- ‘ Include variation

of spectral shape

Mean

> Frequency

—
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Accelershion (Q)

ProEQUAKEDr Probabilistic Seismicplinput

Provabiletie Monzomsl GRS Smualion
inctidng for 15% . 0% anc 84%
Monertestaice Provabity
. 14 — v v v ~
08, HOUR MR Method 1 Method 2
|| " N I ‘, N “ 1 1.2 I'
0 : |
{5~
0.
0 Fos-
3
-
05
0.6
04+

0.2~

10’ 10’
Frequency (Hz) Frequescy (Hz)

Probabilistic GRS and Its Simulated GRS Samples using
ASCE 4 Methods 1 (left) and Method 2 (right)

30
2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights ReseDadARES SASSI Introductory Training Notes



Example foProEQUAK lput RParameters

EXAMPLE 1: ROCK SITE - METHOD 2 WITH CONSTANT CORRELATION LENGTH

Simmlatsd GRE Shapas (RS Ouguss) - Rack
Comigaratve Nor-secaactancs Probabiliis Curvas
for 16%, 509 ard B4%

-
4 T T

RSIXX X RS
R5OX XX RS
ACCX XX ace

RSIXXX.RS
RSOXXX. RS
ACCXX X.acc
GEQLUXXX equ
GRSMEAN_RSI
0.05 32.2

15 0.005

100 12345 153414
01

260 135.0
00.3

10

Acceleraton (i)

=]
g

FrapuEncy (Hz)
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GRS:AmplitideCorrelation foif different Frecuer

Cases with Differing Periods but
the Same Orientation

When the two periods of interest differ, more complex
functional forms are needed. The correlation between the &
values of a single horizontal ground motion component at
two differing periods is estimated by the function:

Pas = | — cos (g - (0.359

10 e 10

Tmin ) Tmax
+ 0‘163]{Tmin<::{].139) In m In T. )

n
where I . s9) 18 an indicator function equal to 1 1f T, ;,
<2 0.189 second and equal to O otherwise, implying that the
form of the equation is simply 1 — cos(a — b In (T,,,/
T i) for periods larger than 0.189 sec. The variables T,
and T,,, are used to denote the smaller and larger of the two
periods of interest, respectively.

0
Perlod (s) Period (s)

(© (d)

Figure 11. Samples of 20 response spectra from magnitude 6.5 earthquakes with a

source-to-site distance of 8 km. The simulated spectra use means and variances from

Abrahamson and Silva (1997). (a) Simulated spectra using correlation coefficients equal (Baker an d CO rn el I 2006)
to zero between all periods. (b) Simulated spectra using correlation coefficients equal !

to one between all periods. (c) Simulated spectra using correlation coefficients from

equation (9). (d) Real spectra from recorded ground motions with magnitude =6.5 and

distance = 8 km.
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PmEE@JAAKI:‘nEmt Parameters

RSIXXXRS
RSOXAXXRS
ACCXXx.acc
GEQUXXX equ
GRSMEAN RS
005322

15 0.005

100 12345 153414
01

26.0135.0
00.3

10

Table 5.1 The ProEQUAKE Input File (GEQU.IN)
Input File | Varable Name | Definition of Input Variables Variable
Line {Input in free Type
Mumber format)
1 FRSI Filenames for the simulated GRS inputs (ex. RSlxxx RS) Output
2 FRSO Filenames for the computed GRS samples Cutput
(ex. R50xxx.R5
3 FACC Filenames for the computed acceleration histories Cutput
(ex. ACCK.ace)
4 FEQU Filename for the simulated egu inputs (ex. GEQUOID1 egu) | Output/input
=) FEBASEL Filename for the mean GRS amplitude Input
(ex. BASELINE.R5I)
B DAMPING Damping ratio for the GRS input {in percent) Input
B GRAVACC Acceleration of gravity for ground velocity and Input
displacement calculations
7 DURATION Dwration of simulated acceleration histories (in seconds) Input
7 TIMESTEP Time step of simulated acceleration histories (in seconds) Input
2 MSIMUL Mumber of simulated s=ismic inputs for a single direction Input
2 INITRSI Initial SEED Random Mumber for RShoo RS simulation Input
2 IMITACC Initial SEED Random Mumber for ACCxxx ACC simulation | Input
9 OPFTMETH Crption for the Method used for GRS Simulation Input
= [ for Method 2 in ASCE 04-2016 (Line 11 not needed)
= 1 for Method 1 in ASCE 04-2016 (Line 11 needed)
9 DIR Selected Input Direction: Input
=0 for X
=1 for¥
=2 forZ
10 F1 1=t Freguency for calculation of the c.o.v. factor (in Hz) Input
10 F2 2" Frequency for calculation of the ¢c.o.v. factor (in Hz) Input
11 OPTCOR Option for GRS shape commelation structure: Input
= [ for frequency-independent correlation length (scalar)
= 1 for frequency-dependent comelation length {vector)
= 2 for full correlation matrix for GRS amplitudes (matrix)
11 cCov Coefficient of variation of the GRS amplitudes Input
12 SIGMA For OPTCOR = 0 Comelation length value input Input
12 SIGMAY For OPTCOR = 1 Comelation length vector input Input
12 CORRMAT For OPTCOR =2 Correlation matrix file name input Input
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Comelation. bengtosSotharCorralagion Coance”
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Constant/vsVA/arable Conrelatiendiength:

Correlation Length Constantvs. Variable
Definition Correlation Length

R Inflection froint Constant Correlation Length

Std. | Correlation ’ Frequency
length

Variable correlation length | | |
or correlation matrix capture ’ ’ >
better the site response Variable Correlation Length
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Probabilistic Vs:and D Soil Profile 1D-Mod
Using Multiple Homogeneous Segments

Soll Layers Segments

Y ', . "' " .

'i' ° " " - " 1
{117 Differentistatistical
/11711111777 properties for
(11111117777 2 differentsailprofile

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

segments iredepth
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Vs & D Profiles:Using Continuous: Process
Models. Two Variation Models, M1 and NV

/\é\ LN

wavelength

—component
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C wavelength
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—-‘Q Shortand large

~— correlationrlengths

Modiel1(Simple) Model2 (Gompasite)
(Popescul 996
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Depth below rock (m)
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Simulated Vs Profiles for Nonuniform Soils L
Continuous Process Models
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