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Purpose of This'Presentation

To describe the implementation of an efficient and practical nonlinear seisn
approach for the reinforced cosbtedenaNPP structures based on the best
engineering design practices in US and Japan.

The idea behind the developed nonlinear SSI analysis tool (ACS SASSI Oy
IS to provide the needed practical support to engineering designers by prov
analysis tool whiaolcompliance with the current structural design standards
nuclear regulatory requirements
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sothat the newly produced Option NON software is compliant with the nucl
design regulations in Japan.
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1. Brief(DescriptionfofithéNonlinéar SShiMethodology

The nonlinear SSI analysis Is based on an iterative scheme that includes two separate
steps at each Iiteration, as follows:

- Step 1Perform amuivaledinearsSSlranalysiscomplex frequency via SASSI approach t
compute the structural displacements for each nonlinear RC wall, and then,

- Step 2Perform aonlinear timetegration analys each RC wsllomoddbaded with the S
displacements from Step 1, to computpléme ishear and bending nonlinear wall respor
usingstandardhased>BBCs and:selected hysteretic.hbdalsdetermitiee equivalemhear
stiffness and damping for eachswvall DRF to be used for next SSI iteration, until conve

REMARKS:

1) Step luses theriginalcrefined FE SSI-modeleStep 21ses aeduceardersstructurabmod
composed by nonlinear RC walls. Therefore, the nontloaitirSeep 2 analysis Is extre
fast. For DEBpndensed soil impedance mhbowd be used for SSI iterations (ANALYS

2) This methodology was validatsevierathearwalbuilding models against CSI PERFORI
code and tHepenSee3D FIBER model and 2D MVLEM software.



lterativeEquivalentrcinéarizationndsing: Vanakblener=Consta

Panel 11 PSD of Elastic & Nonlinear Bending Moment Response
ThePSDbased DRIS Lo

computed based on the
frequency content of the PSD

14E+10

frequency computed for the L

nonlinear shear force or bending . ——

moment for each wall at each ]\ o

floor level and each iteration. oE0e }\ — keration3
m— teration 6

The DRF is computed based
the PSD dominant frequency
shifts at each iteration, as
shown in the rigande figure.
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Panel 11 Bending CM Loops Panel 11 Shear CM Loops

| onn
U

AC0.000.00

4JU,0WU.UU /

1.000 _ fa¥eTaWa¥al
' v 7
iy, %
I ¥aTa¥Wa'sTa¥ala) cA-AMN-AR
N

20, 00000 y

7/

-1.50€-04 -1.00E-04 5.00£-05 1.00E-04 1.50E-04 -2.50E-03 -2.00E-03 -150E-03 . .00E-03 150E-03 2.00E-03 2.50E-03

a4 N

|
N
/
/

1-000,000.00 —Scale Factor=0.8 - 100,000:00
(.8 Constant DRF
—Scale Factor=0.0 ——PSD-Variable DRF
1,500,000.00 | 156,000.00 | |
2020 Copyright ot Ghiocel Predictive Technologies. NRC/DOE 6

NPH Meeting, October 282, 2020



NorilineatISRS:ComputedUsing-PaR I DRFvS.0.80/DR
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MaimStepsiof dNonlineat| SShAnalysisdProceédure Basec
Engineernng: BestrRracticecRecommendations

Here are the main steps of the procedure:

1.

o1

Prepare structure FE model.

2. Select from structure FE model the nonlineaswiatidetels
3.
4. Perform automatic wall esesion geometry identification and automatic section cuts

Perform initial SSI analysis for the gravity and seismic loads

wall at each floor level for the gravity and seismic loads.
Compute shear and bending BBCs for epeh ayallicable bgsactice recommendations

6. Select shear and bending hysteretic wallpmodpfdicable b@sactice recommendations

Perform iterative nonlinear SSI analysis using the shear and bending hysteretic wal
combine their responses at each iteration.

Postprocess the final SSI results for the converged nonlinear response



2. Modeling RCAWal iNonlinear:Behavior;
BackBoneCurvesi(BBC) andsHysteréticcModels

BBC(QurvesAre trilinear BBCs for both the shear and bending deformation follo
engineering practice, also recommended by the JEAI54664.3.5.6 (See figure bel
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Exp. Figure 35.6-1 Trilinear skeleton curve.
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Shear BBC at each floor
level depends on the axial

Shea:BBES Computed per IEAG-20156:StandarthApp: 3.6

a. Shear deformation (ty relationship)
compression stress from

rlz\/D.BIN/FT(D.SIﬁ./{E+GVM _ s fr
gravity and the seismic
bending moment by M/Q

First turning point
v, =1,/G
_ 2 : :
Second turning point [Tl _1;511 (N/mm?~) ratio (shear span ratio)
Y2=21y
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ShearrBBES ComputédsBased 00ASCE4 & ACH3E8Stan

ACI31d84 Section 48 fahShearsStréngth
V= Achach [T + pif)

where the coefficient e, is 3.0 for h, /%, < 1.5, is 2.0
for hy/t,, = 2.0, and varies linearly between 3.0 and

2.0 for h,/t, between 1.5 and 2.0.

Trilinear Shear BBC Curve

ULTIMATE | 3124 Secuy‘
YIELDING —

any one of the individual wall piers, V,, shall not be Bl o /"' Experimental Tests
taken larger than 1DA¢WJ¥ , Where A,y Is the area of Moment ¢  # CRACKED
concrete section of the individual pier considered. %3 (0.50 Ec, Max. Damping = 7%)
CRACKING
Option'NON BBCEGENERATION Module implementation ASCE 46 Section 3
: X Does no depend
— ot 4/ <104/ _
v (_ac £, +pr}')AW <10yI Ay on axial force or UNCRACKED
. I | .
ASCE 4.6 Section 3 bending effects! /(1.0 £c, Damping = 4%)
RC wall shear cracking occurs when the shear stress 3Jf? /Gc (shear strain)

IS larger than 3\/t_
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Computed SheartBBCs for TIBVRCsWal®in Y

Shear BBCs in Y-Dir for JEAC 4601 and ACI-318
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Computed:Bending=BBCs for TB/RC:Wall®in Y

Bending BBCs in Y-Dir for JEAC4601 and ACI 318
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Hysteretic/Maodels itbraryAAvailable\for INenlinear-RC We

The hysteretic model library includes 8 types of models applicable to the structure RC \
1-ChengMertz Shear (CMS)

2-ChengMertz Bending (CMB)

3-Takeda (TAK)

4-General Massing Rule (GMR)

5-Maximum Poi@riented (PO) for Shagaar JEAC 4601 App. 3.6

6-Maximum Po@riented Degrading Trilinear (PODT) for BesddttAC 4601 App. 3.6
/-Hybrid Shear (HYS¢btained by combining PO Shear and CMS models

8-Hybrid Bending (HY&)tained by combining PODT Bending and CMB models



ChengMertzsShear \Hysteretic Model Against/HU WallaTest
ChengMertz Shear Model (Model 1)

WR-10 Test Data vs. Cheng-Mertz Shear

WR-20 Test Data vs. Cheng-Mertz Shear
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Computed Effective

Damping = 19%

Oh, Y. H., Han, S.W. and Lee, L.H. (2(
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JEACPRO IShear Hysteréetic!ModelrAgainst=HU:-WallTest
JEAC 4601 Pofdtiented (PO) Shear Model (Model 5)

o

WR-10 Test Data vs. JEAC 4601 PO Shear WR-20 Test Datavs. JEAC 4601 PO Shear
! ; | ——WR-20Test Data K // L'L
| ——WR-10Test Data gl | L JEAC PO Shear
------ JEAC 4601 PO Shear T /
A "/

. /i : Computed Effective
//:;, o7 Damping =8B%

2020 Copyright of Ghiocel Predictive Technologies. NRC/DOE

NPH Meeting, October 282, 2020 16



Hylbrid<Shear Hysteretico Model iAgainst/HUWallatest D
Hybrid Shear Model (Model 7)
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Remarksdor JEAC 4601 Ranented (PO) Shear
Hysteretic/Maodel

Hysteretic Damping is zero!
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Remarksdor JEAC 4601 PanenteeDegradedrilinearn (POD'
Bendmg-HKystereticdodel
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Comparisons offEJEAC and-Chéhertz\Modeldcoops: Based ¢
SeparatelNonlineat SShAnalyses (withrDynamic: Effect
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3. ModelingfofinteractiontBetwéen:Shea andrBending Ef

These interaction effects are included at each SSl iteration by the following Option NON

1) Shear Governidgsuming that the shear stiffness variations are governing the wall stiff
degradation at each SSI ite®©mwall material stiffness degradation based on the She:
models only, i.e. maté&rsdd-Es, fully coupled)

2) Bending Governidgsuming that the bending stiffness variations are governing the wall
each SSI iteratidC wall material stiffness degradation based on the Bending hysteret
only, i.e. matert&d=EDb, fully coupled)

3) Shear and Bendiitpe equivalent bending and shear stiffnesses are computed indeper
each SSI iteratidhC wall material stiffness degradation based on both Shear and Benc
models, i.e. mateksabis different from Es and EDb). An elliptical interaction curve for cor
shear and bending stiffnesses iIs applied at each SSI iteration.




Computed AB SRS for (0. 70g:ht)y Shearn Goyenriing; 2) Be
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4. ComparativeoNonimearsResults Vs ColFEREORM W (
LowRiseSheanwalAuxilianytBuldingA(AB)

Node:3 Panel 1-MostiDamage

CM Shear Model

Node?243 for Wall Panels

AB is:avlovisetbuilding 0.609°-RG1.6O)Input
governedibymoninear s — (2XDBE)
shear/deformationeffects. Rigidssoilyfixddhse.
Ao e Same:BBC forthoth
Shear Wall Elemess maodels.
for Wall Panels il 1% reinforcement for
allwvalls
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Comparatve SRS antd-AlE Results for 04609

Node 33 Acceleration Transfer Function Comparlson RGY 0.6g
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ComparativélNonlineanShéan Straimin/RPanel 1L70for2060g (

LowRise Aux Building (AB)
Include Shear Effects Only
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5. ComparativedNoninearsResultOpenSeeSodes for
MidtRiseShearnwallowertBuildingl (1B)

Panel 10 — group 23

Panel 9 — group 18

| 4 — group 20
TBiiszamidse
buildling/withrelitectional ; _ ;0,0 15
H/:=3.42rand32.35.

Panel 8 — group 13
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11— group 5 L L. Panel 6 —group 3
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SSliinputsiand RC\Wallk SectionnizeometryandrRemifarce

confined concrete
steel rebars

Seismic In P ut R unconfined concrete
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ISRS fo0OptrionMNON Wil CMOEenSeeRC SStructure €edes

Comparative Nonlinear ISRS at Top Cornerin Transverse Directionfor0.7g
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NonlineadDRisplacements fortOption! NON/WwE ChperSees

X-Dir Y-Dir
Displacement at Roof Corner in Y Direction for 0.7g
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EndofRart 1

Thankyyou!
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