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Furpose or 1nis presentaton:

To show the application of the new AlSttaged probabilis
simulatichased SSI analysis recommendations (Chapte
can be applied to improve fragility calculations by pressss
study of for a reinforced consinetawabuilding.

To answer key guestions:

- How can be the new ASCE 4 recommendations
probabilistic SSI can be integratasifmd desidevelanalyse
within seismic fragility calculat®#iR™P ill respond to this.

- How the 2016 ASChased results differ from the 1
EPRIbased results? PART 2 will respond to this.

2016 ACS SASSI V3 with Options PRO awd3d\d3iEd.
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Introductiondd!NeWSASCE 4
RecommendationsfordRralbabilistic Si
ResponseantdssSShAnatysis



New/ASCE 4 Rrobabihstite ResponserAnaly:s

(PSRA)andrProbabilistic| 3ShAnalysis|(BS.

Based on theew ASCE @016 recommendatitmrprobabilisti
seismic S&halyses

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

- ProbabilisteSI| responses should defined with the 80% n
exceedance probahitelfor the desidavel applications.

- Probabillistic modeling should minimally include:

- SEISMIC INPUT: GMRS/UHRS amplitude assumed
randomlyaryingMethods 1 and 2).

- SOIL PROFILE: &=l Dprofiles (include spatial correle

- STRUCTURHfectivestiffness K and damping D as
functionsfthe stress/strain levels in different parts of struc

FFFFFFFFF
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ProbabilisticcSeismiecdnput Models

ASCE 04-2015 Method 1

GRS

> Frequency
ASCE 04-2015 Methed 2

GRS

Mean

> Frequency

2016 Copyvright Ghiocel Predictive Technoloei®PCIS 10 Session 8lhcertainty in SSI Analysis Invited Panel PresentMidh3/6



Vsand D Soll Profile Probabilistic-Models
UsingMultiple-Segments Split

Soll Layers Segments
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Vs and D Soil Profile.Probabilistic Models
Two Variation Scale Models Based on Field

/\é\ LN

wavelength

—component
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Long
C wavelength

component

—-‘Q Shortandlarge

~— correlatiolengths
Modiel1{Simple) Mottel22 (Gompasite)
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ProbabilisticSoil Material Curve Models

G/Gmax | GIGmaxShearsStrain
1
0 > Shear Strain

DampinegShearsStrain

Soilccurveshow
largecorrelation
lengths along:the
shear:strainaxis.

> Shear Strain
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Probabilistic Structural-Models. Effective Stiffnes:
Damping of Panels Are Dependent on Strain L
- KeffandDeffvariables shoudéfined by user for each element grou

- Effectivetiffness ratiGeffKelastiand damping rafieff are modeled
as statisticalllependemandom variabld$ey cabe considered
negatively correlgtexDeffdefined aaresponse functiofKeffKelastic
based oexperimental 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
070 008
080 007
090 006
1.00 005

e 14254
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ACS SASSI PRO ProbabiliSRA and SSIA

Three major steps are applied:

1)PREPARE SSI INPUUSINGACS SASSI PRabdules
generate statistical ensembles for Probabilistic SRA ant
Probabllistic SSI analysis suputiation®roEQUAKE
ProSITEHProSOlandProHOUSEProMOTIQRroSTRESS

2)PERFORM SSI ANALYSISNgACS SASShodulegun in
batch thensembleaf thesimulatedhput files to compute th
SSl responses (SJBETESOIL, HOUSE, ANALYS, MOTIK
RELDISRONLINEAR, STRESS

3)POSTPROCESS SSI RESPONSEBIACS SASSI PR(
moduleposiprocess statistically the ensemiihes 98I
response@roSRSIFroRESPONYSE
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PARTI1:
ASCEI4 Riobabilisttc SShSiimulation
Based-Fragthity Analysis
LowRiseRelnfarcedConcr&heanall
Buildimg E=xamiple
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ASCEIA/A38rProbabilistic BakedFragilityUsing

MuiltipleFRoint Estimatés 7 Review_kevels)

Probabilistic modelsSaiSMI@otion input for each review levels :
necessary. The UHRS input for each review level are necessary
3 levels, 14, 1e5 and 1€ are considerddeaggregatbe bedrock

UHRS in governing seismic e\rRnatsabilistic models assume that
UHRS amplitude and frequency content have random variations

Probabilistic modelsS@iLayer profiles for each review level are
necessaryincludes at least the Vs, D profiles and soil constitutive
It should include the nonlinear soil behavior for each seismic mc
simulation input.

Probabilistic modelsSORUCTURBaterial properties for each revi
level are necessdngludes effective stiffness and damping variati
It should include the nonlsteacture behavior each seismic motior
simulation input.
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Propabilisttc:SSlcPerformed dwice-toh Each R«
LeveélfforRandomanad Composie:Vanatic

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 (ﬁc)
2) All the randomness variations to get the randomness variability (ﬁR )i

Compute epistemic uncertainty variability from Steps 1 and 2.
Epistemitncertainty
Vatiability

Probabilistic SSI Analysis Concept

i \ Stiffness

Option PRO and NON

P
- .
GRS Shape otal Risk Curve
Nmping m Fragility Curve
: | > 2

\)11“\ Sai P _ D

\ A £~ J
“ da
Vs p | | Spatal comelation
‘/\ /\ ¥ ] H >

"\ Negative Conelation = Hazard Curve

M
. CONFIDENCE
INTERVAL

Computecconfidencdased »
Probability ofrFailure estimates
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New/ASCE 4 Rrobabihsiic SSlcBased/Frag
AnalysisiforA LosRise RCGhearwalBuilding

Nucleabuildingnodelsplitin
nonlineapanels; Done semi
automatically using ACS SASSI |

Selected Panels

Using'ACS/SASSIOption NON
theeffectiveistiffness and damp
IS automaticallyncomputeehfor e:
simudation
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Force
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ExperimenBased-Shedl Capacities forSqu:

Walls haveonopenings!

UsefukReferencesHorPeakCapacityEquations:

A Bardaet al.,1977 in the 1994 EPRI| Rémanisd overly estimate
A ASCE 485, 200EQs 43/4 based ddardaASCE 436 took out it
A ACI 3496, 2006, Section 11.10, 21.4, baS=ddm

A Wo00d1990' small bias, typically less 10% lower, for median c:
A Guleand Whittaker, 20B8s 6.96.10, small bias for median car

NOTE: ATC -420ption 3, 2010 for reduce yielding and peak capsa
account cyclic degradation effects for many cycles.
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SheamnvalPanell 1 HiHysteretic Behavior
Banda(1977) vsiWaoodi(1990)0for0.60g Inj

2
]

3

Barda

0.0020

FARRE = u) 18
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Acceleration (g)

ARS=zat Different &levations fTom f+Bnmsction.
Barda(1977) vsiWoodi(1990)iter0l60g In

Basemat HighElevation

AB ShearWall ARS (Node 570, lteration 5) at Direction Y / AB ShearWall ARS (Node 143, Iteration 5) at Direction Y
L j R R ! Ty T — T —— Ty T T T

—— : ] ; ‘
5 e Ela5tiC L ; . o
—— Wood 1990 ;

m— Elastic
Wood 1990
----- Barda 1977

----- Barda 1977 : : ] : :

|| ==== Barda 1977|

-3 SO SO SO0 U0 5 1 APV S SO S 10 OO S WO A% N NS W

0Lt

Frequency (Hz) Frequency (Hz)
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Including/Walb @peningsSemiAutomatica

Solid\Walk 1 Panel Wall with Two Qpenings 3 Panels
- = =

Wall with TwocQpenings 5 Panels .
Nocopening
| Shear Stress/Force (globalwallifailure

With @pening
(localwall failure)

Shear Strain
Ul CommandEDGE] 1,0,0, Bnd thenEDGE, 2 -
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Shear Force

3000
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-1000

-2000 -
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Nonlinears SSifEffects DueQpenindsaiis

AB ShearWall (Rock, Random - 0.25g)
Panel 42 of Simulation 58

__________________

With Opening

-2 0 2 4 G
Shear Strain . 10-4

New Panel 17

Weod1990:Eq.

AB Shear\Wall (Rock, Random - 0.65g)

Panel 42 of Simulation 25

4000

2000 -

1000 -

1000 |- -

/8 Pamthts1 1?9/5240 ;

-3000
No Opening (Panel 17) E
4000

Mo Opening (Panel 17)
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15 2 25
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Hazard Curvedrort RSHA StuiI)ILeveIs
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-~ 0 ZﬁgCXBRS Smtuiaﬂ@né%cﬁom R@dkﬁ[te\&[ﬁng AUSGEA Method

16

Horlzontal

1.2

SEISMIC HAZARD ANNUAL PROBABILIT
C.O

1.

@

a

Spectral Amplltude
08 C. Ov - 28% ;

Acceleration (g)
Acceleration (g)

Frequency (Hz) Freguency (Hz)
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16000

14000

12000 —

SimulatediRockiSite Vs)Profiles

Frobabilistic Soil Lavyvers Simulation (Shear WwWelocity)
INncluding for 1699 ., S0%% and 8490
Non e){ceedance Probablllty ExC|tes

Random--Son Profiles: S—
V1:VE.0.v=15% andl = 1,000ft
V2: Vg.0.v=14% amjl— lo(ft

1ocoo - Total Vs.0.v= 20% |
wooo| COMVs,D)=0.40
VSSOOO —
4000 =
Frobabilistic Soil Lavyvers Simulation (Shear WwWelocity)
INncluding for 169% ., S0%% and 8490
x 10 Non- e){ceedance Probablllty Exc:|tes
2.5 A
Uncertain Scallng Factor
-| Means=1; Composite
Vsc.o.v; 30%; | _
.el Dcov=40%; . T

: | | | Depth (ft)
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RantomtEBBC tnput MVanatonsifonNenlinear

Simulated BackBone Curve 17 - Direction Y

Simulated BackBone Curve 17 - Direction ¥
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Shear Force

Shear Force

WallFRPanel Hysteretic IBehaviorfor0.95¢ L

AB ShearWWall (Rock,

Random - 0.95g) Panel 17
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0.0

0.008

0.006

0.004

0.002

PanelsStrain(Meani&/84%NEPR ) Jandid) Var

AB ShearWall Model

Displacement {(Rock) - Panel 17

T T
-Rﬂndum (Mean)
H [ |Random (84%)
|:|Cumpus'rte (Mean)

I Corposite (84%)

___________________________________________________________________

__________________________

_____________________________________________

____________

_________________________________________________

AB ShearVWall Model
Displacement {Rock) - Panel 25

T T T
0.04F I Fandom (Mean) '
[ random i24%)
0012 || T composite (Mean) |____
I Ccrposits (84%)
0.01 - --t-------- CACECELELEE ECEEELELRE e R e
0.008 - Panel 2 s RIS
anel25 5
Y St NN S S
_Randnm[mean} :
|:| Random (84%) HE ' """"" "
[ ] 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
PhysicsBased WRandom 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 1.8164 1.6243 0.2585 1.8193 9.2328 1.6338 8.2255 1.8456 9.2286 1.6776 8.2612 1.8665 M,2559
16 1.6003 1.8575 8.2526 1.0685 0.2816 1.1542 8.3697 1.2183 0.3494 1.2433 6.2982 1.2381 9.2545
17 1.6885 0.1774 1.6516 ©.1719 1.8792 0.1884 1.6988 0.1964 1.0876 9.2320 1.6864 ©.2525 1.8734 9.2683
24 1.8289 8.2199 1.6386 6.2621 1.1188 6.2664 1.26682 6.2841 1.2946 8.3333 1.2345 6.3248 1.1885 9.3482
25 1.0156 8.1673x 1.6584 0.2346 1.1293 0.2%8%  1.1644 0.3078 1.1546 0.2924 1.1799 8.3789 1.2225 0.4778%
28 1.8197 9.1459 1.6223 0.1492 1.8555 6.1934 1.6345 8.1515 1.8476 0.1660 1.8573 6.1882 1.8329 08.1936
29 1.8271 06.1544 \ 1.6136 0.1467 1.0246 98.1763 \1.@321 B.1667 1.0366 0.17600 1.6582 0.1678 1.0218 0.1866 \

Compute uncer
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tainty variable for eacbsponse simulation asUj= CjRjfor eachquantity.
Using theUj simulations compute th&meanand Uc.o.v for each response variable.



Computed 84%-NER:=Sheari Strain’and Rf/a 4

AB ShearWall Model

% 107 Panel Dlsplacement (Prob 84%. Rock, 0.1g)
| i
-l (Uncracke)j
o8 N e For Random Varlatlons
U.?—--————--—-————---r————————:—- -B--B-BE--------
oot g
05F---------m----- - u - - - --- i---- --JE B
ol i ik
0.3r- -
I mnm
.- I Tmnm
AR RN AR
5 10 15 7207 25 30 35 40
Ln R/S Reliability Model to Build
1 Fragility Curve (Pf/a Data)
Sl S: Ss = - -
Shear Strain Capacity
R mean = 0.5%
Randomc.o.v. =
Composite c.o.v. = 45%
/\ \ShearStrain
al a2 a3 g
P(a) O
>ZF’GA

al a2 a3

AB ShearWall Model
% 107 Panel Dlsplacement (Prob 84%, Ru:u:k 1. 259]

0.10g Level ::::;:::::::"é':::::::;gjjjj 849 \NER!Shear Stra'.-hg"""g ------ 1259 Level

. (Highly Nonlinear

5 10 15 20 25 30 35 40

FPanel

Computed Pf/a for a=0.95g Level

AB ShearWall Panel (Rock, 1.25g)

————————————————————————————————————————————————————————————————————— =H

: B Fandom |
Y N S SN SO SN SRR ¥ RS I composte [J
afooes 1 -
-3 I T I Y H - e -k .
s | N N -
1) T N N -
T o | 55 [ [ S |
5 e NS SORSESPR | N | S i
*f) MR S W | U | DR | R 4
(13 SES— e B I T o & O -
o JI_ L

5 10 15 20 25 30 35 40
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D T

1.6
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1.2

—
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Composite I

-1 0 1
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0.6 —-----------:r -------------------------------------------
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.: ! E ! Random E

Ll A Tt Tttt T ®  Compostie 3

\ 1 i 1 Composite |,

02 | | | | T |

-10 -8 -6 -4 -2 0 2

Fitting lcognormall Medels fonkragilityvEurv

AB ShearWall — Dlsplacement (F'anel 17)

a

IS JO: O li -----------------------------
- Linear R Ty O B :
. Regression in..i..i<27 L.
- Normal Space 2.3 ...

______________________________________

a

» Random
Random

#  Compostie |3

Mumber of Standard Deviation
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0.7

0.6
=

0.3

0.2

01

0.9

0.8

0.7

_ 06
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0.1

AB Shear'Wall -- Displacement {(Panel 17)

e Reneem || . o S i =
I andom |- aaén a/gO ...............
» Eumiustie Pf ( ) = F % :< Q

- Composite (-4 &~ KN Mip-mfyo-- )
5 e ¢ ' ° .

. Fitted oSS

Lognormal ...
Models |

[ Ll - | | I I I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
AB Shear\Wall -- Dlsplacement (Panel 25}

» Random
- Random
» Compostie
» Composite :
e i
0 0.2 0.4 0.6 0.5 1 1.2 1.4 1.6

Acceleration {g)
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Annual Probability of Exceedance

Probability

ComputationQverallRisk;ddnconditi Gviall

‘ez Hazard Curves:

o] — e

Samples

_____________ Lo-oo===

Simulate

_____________________________________

10°
Acceleration (g)
AB Shearwall Model - Panel 25 (Displacement)
x 10 Random - 10000 Samples
18 T S
16 o~ a4 Ao
Compute
1.4 |- T T T LTy Ay s . ok o oy e P
Simulated
1.2 R R B b L e e e
Total Risks
1+ . . R TS b
S O S
7] S S A B4/ .
04f-nmmme- fommnnees e boeo it R I .
TET SR N S—
L
0 ”
] 0.z 04 0.6 0.a 1 1.6

Accelerations (g)

CDF

Panel 25 i

1
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0.8

0.7

0.6
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0.2
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0.5

AB Shearwall Model (PF CDF) - Panel 25
Compaosite - 10000 Samples

ey

Simulate )
Fragility

........

_________________________

—————————————

———————————————————————

1.4

0.6

0.8 1 1.2 2
Acceleration (g)
Example 5 Sheanval Model - Dane 25

: L R
450 f----- KSR e

Compute |
400 |- - ) Rl SEEERERE
N OveralPfaill @
2 200l R Probability | . .. T ;
5 ool Distribution -t
= H 1 H
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Pf for 7, 3 and 1 Level Seismic Hazard Le

Displacement

Panel # pf mean C.0.V. pf 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 C.0.V. pf 90%CDF pf 90%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 C.0.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 C.0.V. pt 90%CDF pf 90%LO0OGN 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 4.93E-888 8.94 1.86E-887 1.88E-887 1.38E-087 \1.34E-007
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