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Punposeofithis Presentation

To demonstrate the applicatghdy efficient nonlinearag8lysis
basedn a hybrid tinnsemplex frequeragyproach implemented in AC
SASSI with Option NON (nonlinear structure) software.

The fast nonlinear SSI approach is applidebighevelfor concrete
cracking armkyond/desigevelfor postracking nonlinear RC behavit
under larger earthquakes.

Its application Is discussed in the context of the new ASCE 4/43 ¢
recommendations and damping value limitations.

Case studies:

- Validation/studgainst nonlinear time domain integration using
PERFORMS3D software (trademark of CSl)

-  Reviewmnontineat/ SSl analysis:sresultsoin thedight ofsthe new A
4/43rrecommendatitorsconcrete crackinglésigrevel
(Response Level 2) and for nonlinear concrete bdyexoaidfor
desigrlevel(Response Level 3).
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ACSS3ASSIINON Modehng\of dHysteretio,Beh:
Linearizéd HysteréticiMode Exmnmamtaymtermbdelh/lodel

(kN) (KIPS)

FreguencydDoemain Time Domain
Linearized Hysterdiadel Hysteretic Model

Comparative nonlinear SSI analysis results of the hybridgampsbalcher uie
nonlinear timetegration approatiowa good-accura@@hiocelSMIRT23, 2015)

Fast-and@accuratenlinear SSI analyses at a small fraction of the runtime o
domain nonlinear analysis, akbtubtes linear SSI analysis runtime.

Muchmererobtishn nonlinear time integration appreachis opinion has al
Prof Kause{KauseandAssimak002) ,
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Reinforeed Goncre&nucture\NonlinearsSShalysis
Elasticvs.INonlinear 1St iterationvsatiast dteratio

Panel 25 Shear Hysteresis Loop for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration  Panel 25 Shear Hysteresis Loop Iteration Compare for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration

Shear Force [Kips]
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NonlneaConcrete:BlildingSpirt Wall-Rarels

Nucleabuildingnmaedel isplhonlinear
panelswithidifferent/nenlinear-propertie
Many'ACS/SASSEseerfaceccommands
areavailable: PANELIZE, WALLFL,
SPLITGROUR;: MERGEPANEL;, EDGE,
, UNIPLYMERGEGROUP; EDGEPANEL,

i
N\
2

y

4 o O
Eachpanehshioulddoe-dest y ’g
by its-elasticproperties, BB P AL VP |
hystereticimodel foplane ’ \4/;.." 2
sheanordendingdeforma ’Q Yy
(ChendViertZ fotSheardan 20y 4

Bending;and/Takeda) =
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Force

Force

ACSSSASS) Option) NOhkarwalHysteretidviodels:
ChengMertz( CMB LEMS) afakeda (TAK)
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ExpenmenBasedsShearCapacities for Squ:

Walls have nopenings!

UsefulkReferencesHorPeak Capacity Equations:

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

W ood (1990)

P
8
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ARSzat Different &levations fTom i+Bmsction.
Barda(1977) vsiWoodi(1990)iter0l60g In

AB ShearWall ARS (Node 570, lteration 5) at Direction Y / AB ShearWall ARS (Node 143, Iteration 5) at Direction Y
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Including/Walb @peningsSemiAutomatica

Solid\WwWalk 1 Panel Wall with TwoQOpenings 3 Panels
- = =

Wall with Two Qpenings 5 Panels _
Nowpening
! Shear Stress/Force (globalwallifailure

With @pening
(localwalk faiture)

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

Nonlinears SSifEffects Due:Qpenindsaiis

newpanel 17 \WOOO Q%BQEq .

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

AB ShearWall (Rock, Random - 0.25g) Panel 42 of Simulation 25
anel 42 of Simulation
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FixedBaseValidationtStudyC ACSSSASSbOption
vS. PEREORNM 3D Nomlinear:Histony/Analysis

Node:3

Panelll17

CMS Madel
forPanels

SameBBCs
/
¥ ACSS3ASS)@ptiodNON

(see
detailsnin
Ghiocel

FibersShear JiE= gmgf%,
Modelfor PandiEii®] Sl 200
Same“BBCs [ PERRRAED

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. ALL RIGHT RESERVED.




Shear Strain

Shear Strain

Panell1 % 'ShearrStrains f0100.60gt Input

Panel 17 Shear Strain Comparison for ACS SASSI and Perform3D Nonlinear for RGY 0.6g Input
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Acceleration [g]

MMteBB&T@“ﬁ)m)céejed&oatfondﬁo@lﬁﬂg Inp

Node 33 Acceleration Comparison for ACS SASSI and Perform3D Nonlinear for RGY 0.6g Inpul
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Displacement [ft]

Displacement [ft]
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ACSS3ASSIINON vs FPERFORM3DBased
StructuralDDisplacements for (0, 60g input

For! X » 63,000000 Y « 0,000000 2 = 34, 030000 Rott X » 60,000000 ¥ = 0,000000 T « 34, 000000
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ACSSSASSIikdanear. vsxrNonlmear SShioriSol
StructurallRisplacements oot
IS sensitive to
nonlineat structu
behavior! SSI
iterations:require

ACS SASSI Linear Elaste vs. Equivalent Linear Response for Soil Foundation 0 69 Accaleration
0

Fraps: 1244 Fraps: 124

L Lingar Elastc : o Equivalent Lincar
ACSS3ASSIikdnear!SSI ACSSSASSIdNOnlinear SE 3
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InelasticrEactors foih Eix8asezand SSE(Soill;
y
Rock Site Soil Site
0.2g 0.6g 0.2 O.6g
Panel ¥ Fpr ¥ Fp L Fpr ¥ Fpr
2 1.25% 1.40 3.70 1.66 1.01 0.94 2.13 1.4
3 1.27 1.31 2.24 2.07 1.27 0.95 2.16 1.50
9 1.28 1.21 2.24 1.92 1.30 0.93 2.31 1.44
10 1.97 1.63 5.58 2.35 2.40 1.07 10.80 1.50
11 6.20 2.03 15.91 3.43 6.29 1.47 16.27 2.47
13 3.14 1.81 .91 3.27 2.85 1.60 8.18 2. 75
17 12.71 2.51 o1.80 5.03 10.97 1.66 o576 3.33
15 2.606 1.238 3F7.62 2.493 1.89 1.01 249 .83 1.50
1S 740 1.95 50.01 3.88 o.22 1.38 A41.31 2.68
22 3.22 2.17 .61 A.07 3.00 1.36 10.496 2.52
23 A 27 1.88 9.34 3.39 2.80 1.43 F.65 2.32
24 9.85 1.92 oA.26 3.84 3.71 1.24 52.54 2.490
25 9.55% 1.92 56.04 3.84 5.64 1.2 50.37 279
30 1.92 1.27 .90 2.02 .97 1.02 2.84 1.1
31 2.25 1.239 5.63 2.20 2.37 1.233 .74 222
33 2.3 1.69 o 02 3.09 1.61 1.41 3.52 2.19
35 1.60 1.14 A4.35 1.70 .99 1.00 3.80 1.24
30 2.94 1.57 o. 52 2.67 2.28 1.35% F.14 2.09
37 2.499 1.54 5.69 2.67 1.95% 1.41 A.64 2.20
38 1.82 1.13 A4.93 1.7 1.7 1.28 A77 1.83
39 2.36 1.45 5.28 2.53 0.95%5 0.96 2.23 1.37
A0 2.4 1.45 | 5.61 2.495 1.11 1.13 2.68 1.65
Average 3.88 1.63 16.88 2.83 2.88 1.24 15.23 2.03
Mol a2 12.71 2. 51 04,26 5.03 10.97 1.66 5.6 3.33

Mote * : The ductility ratio are computed with respect to cracking strain
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Design/ ktevelConcrete_Cracking:Pattern fol
Site Specific’ApplicationssPAGCE 4.6 C3.3.2

Sh;ar or / MaximunD DampinBL2
Moment CRACKED ||
(0.50 Ec, Max. Damping = 7%)
ASCE 4-16 Standard
(2 Step Analysis)
UNCRACKED Step!1Uncracke8SI\Model

Step 2- Rartially-Cracked /SSI M

(1.0 Ec, Damping = 4%)

-

|
3\/5;'&: (shear strain)
7.5‘/@&: (hormal strain)
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Effectscof’ 7% DDamping €t FoDesignhLevel
0.30g inputionfEffectiverRanél Stiffness
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Panelll A Hysteretic Behavionw/ and w/c
7% Damping Gaff for(0i80¢) Input

dmping CutOff at 7%

gmping Mo CutOff

-0.0

Wood((1990)

0.0p06
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Acceleration (g)

Computed ARS f@esignlLevel0.30g input.
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AB ShearWall ARS (Node 143, Wood 1990) at Direction Y
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ENECISo0l 7e7eralna LU7onalnping-Cuneyyona
Design_evel0.60g inputoBffectivesStiffness
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Efiectscofl 10%Dampingt Cut BeyoneaDesign/ kevel
0.60gnputionRanel 17sHysteretic:Behavior
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ARS=atDifferent &levations fedivfor(0:60¢) np
UC A% and INON, 790, 10%o0raNo iDamping

AB ShearWall ARS (Node 143, Wood 1990) at Direction Y
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