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1. Brief Overview of 2021 ACS SASSI NQA V4.3
New SSI Capabilities
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2021 ACS SASSI V4.3 Software Toolboxes

1) Main Software. Include advance pre-post processing, nonlinear soil modeling,
motion incoherency, others. Plus, includes seismic motion simulation and site response
capabilities.

2) Option A-AA. Integration with ANSYS. The ANSYS structure FE models can be
used directly for the 15t step of the overall SSI analysis in ACS SASSI and/or in the 2"
step for detailed stress analysis using SSI responses as input BCs (Option A)

Option AA-R extends Option AA to perform SSI analysis in ANSYS using ANSYS
model with soil matrix MATRIX50 super-element coming from ACS SASSI.

3) Options NON Simple & NON Advanced. Nonlinear structure, applicable to
concrete structures and base-isolation using iterative scheme (ASCE 4-16, ACI-318,
and JEAC 4601-2015, AlJ RC).

4) Option PRO. Probabilistic SRA and SSI analyses (ASCE 4-16 Sections 2 and 5.9,
and RG 1.208 E)
5) Option RVT-SIM. No input time histories are required.
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New Accurate and Highly Efficient Algorithms for SSI
Analysis, Especially Nonlinear Analysis

1. Fast and Accurate SSI Analysis Using Flexible Volume Reduced-Order Modeling
(FVROM and FVROM-INT). Applicable to Deeply Embedded SMR Structures
Main Software and QOption AA-R

2. Fast Nonlinear SSI Analysis Via Hybrid Complex Frequency-Time Domain
Approach Combined with Reduced-Order Modeling for Nonlinear Structures

Option NON.

3. Foundation Uplift SSI Analysis Using Hybrid Complex Frequency-Time
Domain Approach with Reduced-Order Modeling in Time-Domain
Option UPLIFT.

4. Nonlinear Force PSD-Shape Based lterative Equivalent-Linearization
Option NON.



Fast FVROM-INT SSI Analysis Using Reduced-Order Excavated Soil

Step 1 Wi Identify Key Frequencies Based on Free-Field Excavated Soil Dynamics

Perform the site response analysis by running the SOIL module to identify a reduced
set of key frequencies for the excavated soil dynamics in free-field. Both the frequency-
dependence of the excavated soil impedance matrix and its associated seismic load
vectors are considered. The dense SSI frequencies for the SITE module which will be

— FreeField Problem —

r

é used for final SSI analysis are automatically adjusted based on the key frequencies.
Step 2 Condense Soil Matrix for Key Frequencies and Interpolate for All Frequencies
w1 1 The frequency-dependent excavated soil dynamic matrix is condensed for the

running ANALYS option “Condense Impedance” (Mode 7). Then, the reduced

i foundation-soil interface nodes for key frequencies only. This is accomplished by

ﬁ“ [ excavation dynamic matrix and seismic load vector are interpolated for all dense SSI

Excavated Soil ej Condensed  frequencies by running the CNDS_INTERP module. Reduced soil matrices can be also
Excavated Soil _exported to ANSYS for performing a SSI harmonic analysis via SASSI methodology.

Step 3 Compute SSI Solution Using Reduced Excavation Matrix for All Frequencies
1 4 The interpolated reduced excavation dynamic matrix and seismic load vectors
' 7 computed for all SSI frequencies are assembled with the structure model, and the
H u 1SSl solution is obtained for each frequency. This is accomplished by running ANALYS
option “SSI with Condensation” (Model 8). The final SSI solution running time and the
éjCondensed _ soil impedance file sizes are much smaller since the number of interaction nodes is
Excavated Soil Structure minimal. Speed ups of 5-15 times are expected for detailed deeply embedded models.

[)
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FVROM for Option AA-R ANSYS Fast-Harmonic SSI Analysis Using
Reduced Excavated Soil Matrix as MATRIX50 Super-Element

— ACS SASSI : Excavation matrix i
W1 Excavated Soil Model V¥ ! condensation '
_ Excavated Soil gf Condensed :
— FreeField Problem —— Excavated Soil
% SSIProblem (Flexible Volume) Condensed matrix files
Create MATRIXS0 sub S
files using ANSYS macros i Q
| +—
ANSYS SSI Model | 1
Including structure and g} x Create FILES for
condensed excavated soil as ACS SASSI
MATRIXS0 : .
Super-Element (MATRIXS0). Excavated Soil Structure Post-Processing
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Option NON Nonlinear SSI Analysis per US and Japan Standards
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Option UPLIFT SSI Approach Based on JEAC 4601-2015

Step 1 ui ‘ '

Excavation FE Model

- w1 Step 2 w1 Step 3 i Step 4 «—8
1
o =k nEr
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Step 3

: Condensed
Structure FE Model | |—— FreeField Problem —— RO o8 Excavated Soil ~~  Structure
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[, = \/
‘ UPLIFT_JEAC_4601_2015 Module < . | UPLIFT_3DFEM Module
Step 7  JEAC 4601 Nonlinear Uplift Analysis ,f;"‘“‘f - Compute Base Loads and
Use SSI Base Seismic Demands; <: meknamlil | [iFe= K Foundation Uplift Threshold
i inai k-, A Moments and Rotations
Modify bottom rocking impedances - 5,:;,'{:;;‘5::-: 4 Step 6 -
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Sep s B u
o b L/
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New Fourier Acceleration Interpolation for High-Frequency RS

ACS SASSI V4.3 includes the Fourier zero-padding interpolation (FZPI) for acceleration histories
for computing the response spectra in the high-frequency range per new ASCE 43-19
requirements. FZPI can be used for a 0.005 sec time step for high-frequency RS up to 50 Hz with
an error less than 10%. Linear interpolation error is about 30% at 50Hz.

18

16
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Different Interpolations
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Accel., g

Computing High-Frequency RS Using EQUAKE
Fourier Zero-Padding Interpolation Example

Rock180, Acceleration before and after interpolation
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Single Workstation License USB Green Key (HL) or No Key (SL)
(Current, Non-Floating License, Single Seat)

-

User 1

-

User 2

Windows RDP USB Key Windows RDP
Running PC |
User 3 User 4
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Network License with USB Red Key or No Key (SL)
(Non Floating License, Applicable to Cloud Systems, Single Seat )

Running PC Running PC

- -

User 1 User 2

Windows RDP USB Key Windows RDP
Not Running PC
Running PC Running PC

] B

User 3 User 4
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2. Nonlinear Seismic SSI Analysis Based
on Best Practices in US and Japan
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2.1 ACS SASSI Nonlinear SSI Analysis Based on A
Hybrid Frequency-Time Approach Using An
Efficient lterative Procedure



2. 1 ACS SASSI Nonlinear SSI Analysis Based on A Hybrid
Frequency-Time Approach Using An Efficient Iterative Procedure

The implemented SSI hybrid approach uses an iterative procedure. Each iteration |
includes two coupled analysis steps using two structural models, as follows:

Step i1: Uses an iterated “equivalently-linear” structural model, based on equivalent-linear
hysteretic components, for performing a global seismic SSI analysis (full model) in
complex frequency to compute deformation of all components, and then,

Step i2: Uses nonlinear models for hysteretic components (reduced-size models), for
performing local “true” nonlinear component analyses in time domain based on boundary
displacements computed in Step i1.

The iterations are converged when the nonlinear responses in Step 2 do not change, or
change only negligibly, from an iteration to the next iteration. Typically, 4-8 iterations are
required depending on the nonlinearity level (2-4 linear SSI runtime).
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Frequency and Time Domain Hysteretic Systems

Frequency Hysteretic Model Time-Domain Hysteretic Model
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Hybrid Approach with Reduced-Order Modeling for Structure:

- Fast and accurate nonlinear SSI analyses at small time fractions (<< 1%) of time domain nonlinear analyse
- More robust than nonlinear time integration approaches to numerical noise, damping effects
- Made compliant with standard and requlatory requirements based on experimental test data.
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Nonlinear Structure SSI Analysis Using A Hybrid Frequency-Time
Domain Approach (lterative Coupled Global-Local Iterations)

Linearized SSI Analysis Nonlinear Structure Analysis
(Complex Frequency Domain) (Time Domain)
Equivalent-
Original Linear SSI Reduced Order
SSI Model — Structure Model
Nonlinear ' |
Analysis |

lterations

SSI FEA Model

20
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Computing Equivalent-Linear Dynamic Stiffness and Damping

Computing Equivalent Stiffness (Eeql) Computing Equivalent Damping (Deql)

(kN) | (KIPS)

21
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Applied to Structure Nonlinear SSI Analysis (up to 3-8 iterations)

Elastic vs. Nonlinear 18t [teration vs. 8! Iteration

Panel 25 Shear Hysteresis Loop for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration Panel 25 Shear Hysteresis Loop lteration Compare for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration
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Applied to Base-Isolators, Wall-Soil Sllp, or Checking Sliding
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Nonlinear RC Structure SSI Methodology Using Two-Step Iterations

The nonlinear RC structure SSI analysis based on the hybrid iterative scheme includes two separate
coupled analysis steps at each iteration, as follows:

- Step 1: Perform an equivalent-linear SSI analysis in complex frequency via SASSI approach to
compute the structural displacements for each nonlinear RC wall and spring, and then,

- Step 2: Perform a nonlinear time-integration analysis for each RC wall and spring loaded with the SSI
displacements from Step 1, to compute the in-plane shear and bending nonlinear wall responses
using standard-equation BBCs and selected hysteretic models calibrated based on test data.

The equivalent-linear stiffness and damping for each wall or spring are computed based on time
domain nonlinear responses using either a constant or a variable DRF applied to each SSI iteration.

REMARKS:

1) Step 1 uses the original, refined FE SSI model, while Step 2 uses a reduced-order structural model
composed by nonlinear RC walls (macro-mechanics models). Therefore, the Step 2 “true” nonlinear
time-domain integration analysis is extremely fast. For DES, the condensed soil impedance matrix
solution (via FVROM-INT) could be used for the SSI iterations to speed up the analysis runtime.

2) The iterative nonlinear SSI methodology has been verified against CSI PERFORM3D code, ANSYS,
OpenSees 3D FIBER and 2D MVLEM software, XTRACT and LS-DYNA. Not sufficient to detail here.



Typical Nonlinear SSI Solution Convergence in 3-8 Iterations
for 5% or 10% Overall Accuracy Tolerance (for DRF=0.80)
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lterative Equivalent E Modulus Due to in Embedded SMR Walls

Equivalent Elastic Modulus for JEAC 4601
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Embedded SMR SSI Response Convergence for Nonlinear RC

Walls (Panels) and Nonlinear Wall-Soil Interface (Springs) for 0.60g
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733X

15.983%

LAA55

13.246%

. 888%

7.132%

L197%

Number of Iteration = a8
Elastic E modulus relative difference between current
Damping ratic relative difference between current and

and previous iteration
previous iteration =

LABBHE

4.837%

Mumber of Iteration = ﬂ
Elastic E modulus relative difference between current
Damping ratio relative difference between current and

and previous iteration
previous iteration =

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

4.251%

.B38%

30



Iterative Equivalent Linearization Using PSD-Based Variable DRF

Panel 11 PSD of Elastic & Nonlinear Bending Moment Response

The PSD-based DRF is
computed based on the e
frequency content of the PSD

frequency computed for the 1.2E+10

nonlinear shear force or bending
moment for each wall at each
floor level and each iteration.

|2t ic
tteration 1

——lteration 2

——[teration 3

|t eration 6

The DRF is computed based
the PSD dominant frequency
shifts at each iteration, as

shown in the right-side figure.
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0.5

Convergence Using PSD-Based Variable DRFs

Panel 1 PSD of Elastic & Nonlinear Bending Moment Response Panel 11 PSD of Elastic & Nonlinear Bending Moment Response
e 166410
1.4E+10
256410
w— F (st ic
~ [teration 2
~— [teration 1
2E+10
~—t lteration 4 = teration 3
156410 === teration 6 — Iteration 2
o 2t iC
~—teration 1
2 05 :
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CM Hysteretic Responses for PSD-Variable DRF vs. 0.80 DRF

Panel 7 Bending CM Loops

-1.50

E-04

-1.00

E-04

Panel 7 Shear CM Loops

I faWa'aTaWalak
4JU,0WU.UU

/

5.00E-05 1.00E-04 1.50E-04 -2.50E-03 -2.00E-03 -1.5(

E-03 250

N

£-03
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4
f 1-006,000:00 —Scale Factor=0.8 - 100,000.00
(.8 Constant DRF
—Scale Factor=0.0 ——PSD-Variable DRF
1,500.000.00 | 156,000.00 | |
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CM Nonlinear ISRS Computed Using PSD-variable DRF vs. 0.80 DRF

ISRS at Top of Tower Building - Dir Y - Cheng Mertz ISRS at Top of Tower Building - Dir Y - Hybrid Model
2% 20
18 — e 18 = e Elastic r\
=== P3D-Variable Factor e PSD-Variahle Factor \
16 - === 080Factor BT e D80Fator
14
E 12
£
2
W10
s l
o 8
q \'\
\ . A
4 T . 3 N
= d Vo
’/ \\:\ . N -
2 ﬁ@\——
0
0 05 5 50
05 5 50
Frequency (Hz) Frequency (Hz]
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CM Nonlinear ISRS Computed Using PSD-variable DRF vs. 0.80 DR

20

18

156 ——

14

et
(=]

Acceleration (g)
oo =

ISRS at Node 703 in Y Direction for 0.7g

s S Elastic r\

=== |EACDRF=0.80
++s02 JEAC DRF=PSD Based

Y CW TN
t ey ‘r tl
- Mg o X, ..
-t L] ¥ "

I ) I1Y | AT
r‘f ‘\'” i b T [ R A gy
J“"
T T T 1

Frequency (Hz) 10 100

18

16

ISRS at Node 703 in X Direction for 0.7¢

s SR Elastic
=== |FACDRF=0.80 L

++2++JEACDRF=PSD Based

".,-.',;','rn:;
L e
ST AT T PR T Iy

1 Frequency (Hz) 10 100
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Based Wall Responsew & Top Displacements for
PSD-variable DRF vs. 0.80 DRF

The Loops (THD vs THD) at Spring 11 for 0.7g

Displacement at Node 8in Y Direction for 0.7g

——JEACDRF=0.80
— —-JEAC DRF=PSD Variable

fatatala alalatal
B UL

S

Almne s e
Z AU

4 e s e
I AU

-5.0(

E-03

-400E-03  -3.00E-03 -2.00

400801
,I
/8p 7/
/ ) ’//
/ 7~ SR e ELASTIC
f v / === JEAC [Factor=08)
vl - — AL Fator00)
ff 7
/ /%
= 100601
7/
/, ¥
/ I
/4 \
/ 0.00E+00 4
1.00e-03 2.00E-03 3.00E-03 4 00E-03 5.00E-03 N y
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2.2 Nonlinear Modeling Assumptions for RC Walls



Nonlinear Modeling Assumptions for RC Wall Deformation

Option NON is applicable to the reinforced concrete structures for simulating the concrete cracking
and post-cracking behavior in the shearwalls for the design-level and/or beyond-the-design-level
seismic inputs.

Option NON is applicable to low-rise reinforced concrete shearwall buildings that fail primarily due to
the in-plane shear deformation via Option NON Simple.

Option NON is also applicable to general case of reinforced concrete shearwall buildings for which
both in-plane shear and in-plane bending deformation is significant via Option NON Advanced.
Option NON Advanced includes automatic BBC generation algorithms based on US or Japan
standards requirements and guidelines. It follows an implementation inspired from the Japanese
nonlinear structure modeling practice for seismic analysis as explained hereafter.

Option NON versions:
Shear deformation only: Option NON Simple
Shear & Bending deformation: Option NON Advanced



Wall Shear and Bending Deformation Are Computed for
Each Wall, at Each Floor Level at Each SSI Iteration

Deformed edge

\

Shear Deformation (vertical edges) Bending Deformation (horizontal edges)
(shear strain assumed constant per height, (curvature assumed constant per height, wall vertical
wall vertical edge displacements are linear) edge displacements have quadratic variation)

Remark: Rigid body motion is removed. Very important.



Nonlinear Shear and Bending Responses Are Computed Based on
Each Floor Structural Displacements at Each SSI Iteration

N = ct The bending curvature and shear strain
Y values are considered at each time step.
. T
T Oi.m
&
4 %)
Bi,j — f d) dx
0
4 '4 | .l-)
Uy jbend = f 6 dx
Y5 A
t Wi m, shear = ui,t = Ujm,bend
)\ Vi, i+1
) + ] s e
+) E X
& 'S
¢ Z: I
. 4+ E
1 s, gt
777777
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Nonlinear Modeling Wall Behavior Based on US & Japan Practice.
Trilinear Back-Bone Curves (BBC) and Selected Hysteretic Models

BBC Curves: Are trilinear BBCs for both the shear and bending deformation following typical
engineering practice, also recommended by the JEAC 4601-2015 Sect.3.5.6 (See figure below)

M o

A e 3-Ultimate Point

f - .-

i
‘1fi fﬂ. '
2-Reinforcement Yielding Point

My n ="
. 1-Concrete Cracking Point

N Ya 73
& e &, P

Exp. Figure 35.6-1 Trilinear skeleton curve.



Shear BBCs Computed per JEAC 4016-2015 Standard App.3.6

SHEAR BBC (Shear stress T vs. Shear Strain y)

Point 1 for Cracking:

T, = \/0.31\% (031WFc+ a,) *

Tq
G
Point 2 for Yielding:

Y1 =

7, = 135 14

Y2 = 3%y

Point 3 for Ultimate:

Exterior Wall (Appendix 3.7)

(1— s )*r + 1
Ty = 14xFc) °" °°
1.4VFc

v = 0.004

Shear BBC at each floor level depends on the axial

if 7, < 1.4VFc
if . > 1.4VFc

compression stress from gravity and the seismic
bending moment by M/Q ratio (shear span ratio)

where
7o = (0.94 — 0.56 x Myp) * Fc

Pvw + Phw x Fs o, + oy

s = 2 2
Interior Wall (Ref. 14 in Appendix 3.7)

0.068pL:*3 (Fc + 18)
T, =
JMgp + 0.12

+ 0.85,/0,, * Py + 0.1 % 0




Shear BBCs Computed per ACI 318/ASCE 4-16

ULTIMATE ACI 318-14 Smy
YIELDING —

- —‘/‘ Experimental Tests
Shearor  »~

’ _, CRACKED

3JF ASCE 4-16) oment /27" (6,50 Ec, Max. Damping= 7%
T4 = C - / i ¢, Mlax. Damping =
1 CRACKING P
T ASCE 4-16 Section 3
1
Yi= —=

SHEAR BBC (Shear stress T vs. Shear Strain y)

Point 1 for Cracking:

G Does no depend on axial
Point 2 for Yieldina: force or bending effects! / (LJﬁOCEéCDKaEnl:pmg: o
T, = S* T3  Where s is user defihed reduction factor based on te 3[f. /Gc (shear strain) -
y, = yl*(1+2(i—j— SCE 4-16)
Point 3 for Ultimate:

T3 (oc Jfc+ thy) <10/ f'c (ACI 318-19), with « varying as a function of plane wall sizes

y, = 0.008
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Bending BBCs Computed per JEAC 4601-2015 App. 3.6

BENDING BBC (Bending moment M vs. Curvature ¢)
Point 1 for Cracking:

M, =Zex(ft+0,) ~—_ ShearBBC at each floor level depends on the axial

3 M, compression stress from gravity
1 Ecxle
Point 2 for Yielding: 2- Yielding Point 3-Ultimate Point
_ Tensile rebar
MZ - My yielding N

D, = @y E?:’f}'SE\%
Point 3 for Ultimate: h

\i Compressive

concrete strain
M3 — Mu < 0 > £, = 0.004

' Compressive
0 0 0 4 concrete stress

B, = : Tension rebar c.=0.85Fc

3 X yielding stress
nu iy Compressive rebar

yielding stress

|f @3 > 20 @2, then @3 — 20 @2



Bending BBCs Computed per ACI 318/ASCE 4-16

BENDING BBC (Bending moment M vs. Curvature @)

Point 1 for Cracking:

M, =75%Ze+/f'c (ASCE 4-16)

6, = —1
L Ecxle

where le and Ze are effective section moment of inertia and modulus (including rebars).

Point 2 for Yielding: 2- Yielding Point 3-Ultimate Point
Tenjsile.rebar N
M2 — My yielding

TE
D=9, o
Y

N Compressive
concrete strain

Point 2 for Ultimate: < D > &= 0.004
Compressive
concrete stress

M3 — Mu. Tension rebar o, =0.85 Fc

— yielding stress
93 — @u

fy Compressive rebar
yielding stress



Computed Shear BBCs for SMR RC Exterior Wall

SMR Exterior Wall 1 Shear BBC

50000

JEAC 4601 ultimate shear
forces include significant

50000 — flange effects; larger than
/fﬁ ACI 318 ultimate shear

20000 —1 wall strengths.

=== Panel 1-JEAC
==l Panel 2-JEAC
=t Panel 3-JEAC
Panel 4-JEAC -
=i Panel 5-JEAC
sl Panel 6-JEAC
Panel 7-JEAC
g <« Panel 1-ACI
sespss Panel 2-ACI
****** Panel 3-ACI
Fanel 4-ACI

10000

o 0.0005 0.001 0.0015 0.002 0.0025 0.003 0u0035 0.004
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Bending BBCs for SMR RC Exterior Wall

SMR Exterior Wall 1: Bending BBC

4 50E+06
JEAC 4601 and ACI 318 bending
e . e BBCs for each wall at each floor level
. _are different since the effective flange
— widths are differently computed based
3.00E+06 on ACI 318 and AlJ RC standards.
2. 50E+06 —0—__. Panel 1-JEAC
e Panel 2-JEAC
== Panel 3-JEAC
2.00E+06 - —si—Panel 4-JEAC |
i Panel 5-JEAC
1 SOE+06 === Panel 6-JEAC _
Panel 7-1EAC
««dse Panel 1-ACI
1.00E+06 ===+ Panel 2-ACI -
****** Panel 3-ACI
Panel 4-ACI
5.00E+05 ««ups+ Panel 5-ACI 7
Panel 6-ACI
0.00E+00 -
0.0001 0.0002 0.0003 0.0004 0.0005 0.0006
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Effective Flange Size Calculations Implemented in Option NON

ACI 318 Option 1 in NON
The first ACI 318 option (Section 18.10.5.2) is recommended by the standard for modeling the

RC walls, and the effective wall flange widths computation is based on the shear lag effects on
the stress distribution in perpendicular walls at the intersection with the parallel walls. The
shear lag effect is larger for larger nonlinear story drifts and axial loads.

ACI 318 Option 2 in NON
The second ACI 318 option (Section 6.3.2.1) is not recommended by the standard for modeling
the RC walls. This option uses the effective wall flange width equations for the effective beam
flange widths, basically, assuming that the beams represent the verticall RC walls. This
assumption is conceptually consistent with the Japanese AlJ RC standard requirements for
computing the effective wall flange widths.

JEAC 4601 Option in NON
Per the JEAC 4601-2015 standard implementation in practice based on the SR/Stick models
and the Case 4 directional approach, the effective wall flange widths are determined using the
effective beam flange widths computed per the AlJ RC standard equations. The effective flange
widths conceptually reflect the variation with height of the effective bending stiffnesess for RC
wall parallel to the input direction.



Effects of Effective Flange Sizes on Nonlinear SSI Responses
The new Option NON implementation uses three calculation options per JEAC 4601 and ACI 318:

ACI 318-19 for Wall Effective Flange Widths Per Section 18.10.5.2 (ACI recommended) ACI 318-19 for Wall Effective Flange Widths Per Section 6.3.2.1 (conceptually similar o

AlJ RC modeling requirements, but not ACI recommended)
For the two-sided wall flanges, B1 and B2, then, the effective wall flanges are computed based

a. If the panel | has two side flanges, B1i and B21.

r 1 .
B1; = min ! EARI 1
10.25 (H — Zsect, 1) ) Bl, =min )3
1 ACI 318 Option 1 ‘ 8 Tw, ACI 318 Option 2
B2; = min | EAM 1
.0.25 (H — Zsect, i -
N ) ( sect, ) . . . B2; = min ZAL
Where H-Zsect, i is the height of the structure above the i section level, Zsect.i 8 Tw,
LIC; = B1;+Tw; + B2, Checkalso B1,+B2; <3 L,
L2C; = L1C,
The above equations are also used for the one-sided wall flanges. b. Ifthe panel has only one side flange’
rl
3 - 12
JEAC 4601-2015/A1J RC Standard: JEAC 4601/A|J RC B1, = min 1 6 Tw,
1
( AR ZAR
0.5—0.3*(—) = AR, if AR < L; L2
Bl:‘ = 3 -L[' 1
r
I.>IIII'.2 *= L, else 12 L;
AL . B2; = min { 6 Tw;
52, = | (0.5 —0.3* (L—1)) « AL, if AL < L, .l,alL
0.2 = L;, else “2
L1C; = B1; + Tw; + B2, L1C; = B1; + Tw; + B2;
.= . L2C; = L1C;
L2C; = L1C; i i 49
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Al _*._.:.,

Effective Flange Sizes Can Be Computed Using Variable
Clearances per Building Height

User can include variable clearances per height.

The clearance input is at each floor level.

50
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FE Model Split in RC Wall Submodels Based on Max Flange Sizes

Il
hatha

— Panel 23

G15

Panel 22

G30-

Wall 5

51
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Effective Flange Sizes Based on ACI 318 or AlJ RC Standards

Original FE Model with No Modified FE Model for Including New
Wall Flanges Defined Nonlinear Materials for Flanges

ARNUEN
BRenwua
ARRINN
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New Flange Materials Are Added for Nonlinear Modeling

Flange 2 . Flange 1
M6 M3 M14 3 vi8
Flange 1 Flange 1
" Es3 Es3;Ep5 Es3 |sEs3,Eb2 ‘M1o0 | -
M11
sEsR,Eb3
“-I\fiI
5 2
> Es3 [M5 o
sEsl,Eb4 sEs2,Eb4
s Es4,Ebl Es4 Esd.Eb5 Es4 | sEs4,Eb2 ‘M12 |
Flange 2 M7 M4 M15 4 MO Flange 2
e >
Flange 2 - Flange 1

Each flange (rectangle) is identified in the model by
the group # and the new assigned material # (to be
used to change HOUSE input after each iteration)

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

S =1 is for including
shear effective Es for
corner flanges (exterior
walls)

S = 0 (default) is for not
including Es for corner
flanges.

For separate inputs, the
wall perpendicularto
input direction remain
elastic (M3, M4 for Y
input, and M1, M2 for X
input)
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E & D Material Changes For Flanges 1 & 2 Are at Two Wall Web Ends

Flange 2
e
‘ Nodes of elements of Flanges 1 and 2 which are the two web ends
Flange 1 should include the Panel 4 corner nodes!
A -555-3,—
This criterion was used to eliminate any other intermediate flanges in
sEs1jEb1,Eb the middle of the web (not at the two ends) that should not be included
A | for the E material shear-bending combination in COMB_SHEAR_BEND.
1 M1 M1
8] —
Flange 1 3
A ’ » \; ? ’ -
sEs1|Eb1,Eb3 sEsZ,IEl':!,Eb3
sEs1lJEb1,Eb Y §)
1 ‘ | 2
Esat— ‘ : | X, Es3 L)
Flange 2
—
Flange 2
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Effective Flange Sizes Based on ACI 381 and AlJ RC Standards

ACl 318-19 Sections 18 and 6 JEAC 4601-2015/AlJ RC

Option 1 Option 2
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Case 1 (Simplified) Based on Original Model (no wall submodels)

3
Es3,Eb3
1 JLY 2
X
EslEbl > Es2,Eb2
Notations:
Ebx due to moment Mx=Myy
Esx due to shear Sx
Es4,Eb4
4

Interaction (Esx,Ebx) Effects
Interaction (Esy,Eby) Effects
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Case 2 (Refined) Material Changes. Example with 5 RC Nonlinear
Wall Submodels (3 Transversal and 2 Longitudinal)

Flange 2 R Flange 1
S =1 s for including shear
M6 M3 M14 3 M8 effective Es fo.r corner
Flange 1 Elange 1  flanges (exterior walls)
- sEs3,Eb3,Eb]  Es3 | Es3;Ep5 Es3 [sEs3,Eb3,Eb2 [ m10 |+
M1l ‘ ) s = 0 (default) is per JEAC,
SESI.,Eb].,Eb?.D v SESZ,l:b?,Eb3 A per SHIMIZU comments.
s 1 1 5 ) (no M-Q interactions for
M1 X flanges)
Es] > Es3 | M5 EsJ! M2
NOTE:
Only the two end wall
| flanges are considered.
sEsl,Eb1,Eb4 sEs2,Eb2,Eb4 This comes automatically
|L13 Es4,Eb4,Ebl | Es4 Es4,Eb5 Esd sEsd,Eb4,Eb2 || | M12 L0 ST Gy L el
— * — hen changing the flange
FI 2 Fl 2 W ging 9
ange M7 M15 4 |mo MBES materials in the wall

P

: Z S - submodels .pre files.
Flange 2 \ / Flange 1

Each wall flange is identified in the FE model by the group # and the new materials are be added to
create a FE new model with appended “_New” .pre to file name using Change_Flange_Materials module




Case 3 (Refined) Material Changes. Example with 5 RC Nonlinear

Wall Submodels (3 Transversal and 2 Longitudinal)

Flange 2 R Flange 1
M6 M3 M14 3 M8
Flange 1 Flange 1
. sEs3,Ebl Es3 Es3;EpS Es3 |sEs3,Eb2 M10 | »
M1l
sEsl,Eb3 sEs2,Eb3
4Y |
Fs] > Es3 [M5 EsJ! M2
skEsl,Eb4 sEs2,Eb4
|ﬂ Es4,Eb; Es4 Es4,EbS Es4 | sEs4,Eb2 M12
Flange 2 M7 M15 4 M9 Flange 2
< N - >
Flange 2 Flange 1

Each flange (rectangle) is identified in the model by
the group # and the new assigned material # (to be
used to change HOUSE'input dfier €ach iteration)

S =1 is for including
shear effective Es for
corner flanges (exterior
walls)

S = 0 (default) is for not
including Es for corner
flanges.

NOTE:

Only the end wall flanges
are considered. This
comes automatically from
using new materials
when changing the flange
materials in the wall
submodels .pre files.



Directional 3DFEM Models for X and Y Direction Using Case 3 (S=0)

Es3 3
b3 Eb
1 Y — 2
| X |
ech > E X-Direction Model
Eb4 Mx
For (green) web material in perpendicular
Es4 g walls are two options:
_— - Use elastic stiffness
3 - Use nonlinear iterated flange stiffness
AY
1 2
X - .
| ' ) Y-Direction Model
BT / ) st
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US Standards - ISRS at Top of Structure for Cases 1,2 and 3

X-Direction

Y-Direction

Acceleration [g)

ISRS at Top of Structure in X-Dir for 0.70g

25

14

12—

s Elastic

= Cacel

== (Case? -Without Es
=== Case? -With Es
=== Cased -Without Es

e Case3 -With Es

——

[=]

[=y]

01

Frequency (Hz)

ISRS at Top of Structure in Y-Dir for 0.70g

20

s E |astic
e (501 n

= Case? -Without Es
= ===-Case? -With Es
===«ase3 -Without Es
------ Case3 -With Es

Frequency (Hz)

100
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US Standards - Panels 7 and 21 Shear Hysteretic Loops
for Cases 1,2 and 3

Panel 7 Shear CMS Hysteretic Loops for 0.70g

46-008-06
4, A%ty

Panel 1 CMB Bending Hysteretic Loops for 0.70g

‘ —~ - 1,500,000.00 - : -
: 30,000.00 -

—— casel —— casel

—— case2 -Without Es —— case2 -Without Es 1,000,000:00— =

....... case? -With Es weeeees case2 -With Es
= case3 -Without Es 20,000.00 case3 -Without Es

-------- case3 -With Es < case3 -With Es
% ‘ ; | . . EAT .

-2.00E-03 -150E-03 -1.00E-03 1.00E-03 1.50€-03 5.00E-06 1.00E-05 1.50E-05
.
-40,000:00 - & e
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US Standards - Displacement at Top for Cases 1,2 and 3

X-Direction Y-Direction
Displacement at Top of Structure for CM Model X-Dir for 0.70g Displacement at Top of Structure for CM Model Y-Dir for 0.70g
6.00€-02 ’ ‘ AR ‘ ’
e
| el - — —Case2 Without Fs
— —case2 -Without Es - = - Case2 -With Es
4.00E-02 --acase2-Withes 1 | % |y vt = Case3 -Without Es
----- case3-Without Es — i }‘ C_ase3 -With Es
W & case3-With Es ' k|
200602 | l “ I l | " I
l ] | 5.00E-02 ‘ HHH !
1 | { l. i i ‘
! l l“ Jl \{ l LN\ : 0.006+00 Jl““l"\‘ ‘l“”i“ll |
. ‘ HITY Wi el MR 1114 T
0.00E+00 i | ”‘J Iu 'lr ]r ;' il " 1 ¥ | H,‘ | z‘m ' 'll "
it | i ', \
| H -5 00E-02 ¢ 1‘ .' ‘
200602 1} ' b ‘ i
l | 100601
-4 00E02 .
-6.00E-02 200601
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Japan Standards - Panels 7 Hysteretic Loops for Cases 1, 2 and 3

Panel 7 Shear Hysteretic Loops for 0.70g Input

Panel 1 Bending Hysteretic Loops for 0.70g Input

S00-000-00
oo

o |
[T AT LA

60,000.00—
_«"tr'.
T . g J‘.;o.
—— Case2 -Without Es o / ‘f’ f 4“
....... Case2 -With Es v /
Case3 -Without Es
--------- Case3 -With Es
-4.00E-03 -3.00E-03 -2.00E-03 i

'l
o’
v

.
s
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— casel 006,000 :
——case2 -Without Es . ;‘;?,’,r
------- case2 -With Es /
case3 -Without Es 1,500,000.00
case3 -With Es
\
2.00€-05 3.0
63



Japan Standards - Displacement at Top for Cases 1, 2 and 3

X-Direction Y-Direction
Displacement at Top of Structure for JEAC PO Models X-Dir for 0.70g Displacement at Top of Structure for JEAC PO Models Y-Dir for 0.70g
RIER | 400E01
! | |
. — —case2 -Without Es m=mgisel '
6.00E-02 S Sl IR 3 0k0 % : — —case2-Without Es
: l ----- case3-Without Es h y = = -case2-With Es
| | | e case3-With s I | til (AU 2 N B case3 -Without Es
4.00E-02 ! . | - ' 2 00E-01 IH [
m i
i. 14
2.00E-02 ;i ! : 3!% | i !4 o A . l l l : 4 ‘ 1 00E01 (
| | ' I 'l
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Non-Planar RC Wall Section and Composite Shapes

N3

N4

Rotated Square Circular Composite

Composite sections can be
decomposed by users as shown
hereafter..

For simple sections, the corner nodes are
automatically determined for each direction

Composite sections can be
by the NONLINEAR module.

automatically decomposed in a
series of rectangular objects —
inV.4.3.3
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Circular Section Shape Verification of 2DFiber Model vs. XTRACT
(BBC_JEAC_ACI_Fiber2D.exe)

Shear Wall Reinforcement:
Vertical Rebar Ratio = 1%
Horizontal Rebar Ratio = 1%

Concrete Material Properties:
Elastic Modulus = 24400000 (kN/m2)
Compression Strength = 30000 (kN/m?2)
Yield Strain = 0.002

Ultimate Strain = 0.0035

Rebar Material Properties:

Young modulus = 200,000,000. (kN/m2)
Yield Strength = 345000. (kN/m2)
Yield strain = 0.001725

Ultimate strain = 0.10

Bending BBC for Circular Section

600

200

1c00
1400
1200
\ = XTRACT
1000 S TRILINEAR BBC ~— ——BBC_JEAC_ACI_Fiber2D

=—=Fiber2D Curve
| |

XTRACT: No tension strength
BBC_JEAC_ACI_Fiber2D: ft = 0.38sqrt(F'c)
| | |
y foutside diameter
tt=200.; twall thickness

T T T T T
5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All

Axial force N=2500 KN, with mesh_size=50mm.
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Rombic Section Shape Verification of 2D Fiber Model vs. XTRACT

(BBC_JEAC_ACI_Fiber2D.exe)

Shear Wall Reinforcement:
Wall 1 Vertical Rebar Ratio = 0.6%
Wall 2 Vertical Rebar Ratio = 0.6%
Wall 3 Vertical Rebar Ratio = 1%
Wall 4 Horizontal Rebar Ratio = 1%

Concrete Material Properties:
Elastic Modulus = 24400000 (Kn/m2)
Compression Strength = 30000 (Kn/m2)
Yield Strain = 0.002

Ultimate Strain = 0.0035

Rebar Material Properties:

Young modulus = 200000000. (Kn/m2)
Yield Strength = 345000. (Kn/m2)
Yield strain = 0.001725

Ultimate strain = 0.1

Bending BBC for 45 Degree Rotated Square Section Shape

5000
4500 —
- //’A#______:__
~ TRILINEAR BBC
\ —— XTRACT
2500

——BBC_JEAC_ACI_Fiber2D —
=——Fiber2D Curve

~ XTRACT: No tension strength

2000 -

1500 ] BBC JEAC ACI FlberZD ft = 0.38sqrt(F'c)
i tlw=200.; %l-:‘t web thickness
1000 t2w=200.; $right web thickness
12=1500.; ftotal width
500 - tlf=200.; tbottom flange width
t2f=200.; $top flange width
D 1 T T T T T T
0.00E+00 1.00E-03 2 00E-03 3.00E-03 4 00E-03 5.00E-03 6.00E-03 7.00E-03 8.00E-03

Axial force N=2500 KN, with mesh_size=40mm.
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SMR Structural Model for Nonlinear SSI Analysis (Demo 19)

No
Cross-
Connection

Include
Cross-
Connection

Variable
Diameter

Embedded SMR

il |||_' - - —y

% b o

ORGSR
pEEEEEET g
EEEEEEE
1] .
HEEEERT
s

f T

| Wik § )
A \gpEEREEsE
N R f
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Composite Section Decomposition in Elementary Shapes

SMR Section Geometry
RVC Containment

Submodel with
Circular-Section

5 Submodels for Single Direction

External Wall
2 Submodels with
C-Sections
Rigid floor segments
K (Bernoulli assumption)

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021

— Interior Wall Submodels -
N with T-Section N

S

69



Splitting SMR Model in 9 Wall Submodels Using Ul Commands

RITTE A ] ey [T EAL W LILIE L

| SMR_SURF_cuts - Notepad

File Edit Format View Help
}uar‘,P}'-'LTH,C:\SSI\SMRZBEI\MOdEl-Pr“e-'Files\
i var,MODELNAME,, SMR_SURF_Final
DMODEL , @

' DMODEL, 1

DMODEL, 2

DMODEL, 3

DMODEL , 4

DMODEL, 5

DMODEL, 6

DMODEL,7

' DMODEL, 8

+ DMODEL,9

, CUTCLR,1,9,1

L ACTM, 8

INP,@PATH[1]\@MODELNAME[1].pre

1* CIRCULAR MIDDLE SECTION
, CUTADD, 1,65, RANGE, 1,16@,1
CUTADD, 1,66,RANGE,1,16@,1
' CUTADD,1,67,RANGE,1,16@,1
" CUTADD, 1,68, RANGE,1,16@,1 B
CUTADD, 1,69, RANGE,1,192,1
' CUT25UB, 1,1

s ACTM, 1
WRITE,@PATH[1]\GMODELNAME[1] circular.pre
ACTM, @

8 0 80 2R 28 8 80 D80 J8C JHC D B D80 D80 DR 0 B0 G D80 28 9 80 280 J8C TR 80 DB DRC TAC 280 60 B0 D80 280 20 80 080 280 T8 IR0 080 R0 280 28 2R R R0 8008

'+ INTERIOR MIDDLE WALLS 1 : 111
CUTADD, 2, 6,RANGE,1,5@,1 +HHF T
CUTADD, 2,15, RANGE,1,58,1 THTL T
CUTADD, 2,24, RANGE, 1,50,1 T TULLLLTT
CUTADD, 2, 33, RANGE, 1,50,1
CUTADD, 2,42, RANGE,1,60,1
CUTVOL, 2, -25,25,58,50, -118, -4.3 e
CUT2SUB, 2,2
ACTM, 2

WRITE,@PATH[1]\@MODELNAME[1]_interiorl.pre i

ACTM,© " -
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Arbitrary Sections Defined with Different Reinforcement Ratios
(See Colors Below) Using Option NON 2DFiber Model (V4.3.3)

Reinforcement ratios considered as material parameters via the M and MSET commands, MSET,<e1>,[<e2>],[<inc>] <index>

30

25

20F

15 F

10

Example 1 Arbitrary Shape Open Section

1 L L 1 1
5 10 15 20 25

2021 Copyright ot Ghiocel Predictive ._.......

30

20

10

10 -

20 F

-30
-30

Example 2 Composite Section Closed Shape

! 1 ! ! ! ]
-20 -10 0 10 20 30
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Arbitrary Sections Defined with Different Reinforcement Ratios
(See Colors Below) Using Option NON 2DFiber Model (V4.3.3)

Example 1 Examole 2
11 m height p
4 m hejght
Ig 12 m length 12 m length
6 m length I 12 m
length
16 m height 16 m height 18 m length 12 m length
12 m length

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All
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73
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~ Arbitrary Shape Verification Against XTRACT

Axial force N=70000 KN, with
mesh_size=300mm.

Same reinforcement ratio for all

E
elements: 1%. @03
=
Example 1
Concrete: _ . Reinforcement: Sooo
fck=30.; compression strength <N/mm*2> fy =345, yield strength of longitudinal rebars s
fct=0.; no tension strength A
<N/mm"2>

Ec=2.440e+04, <N/mm"2>

E =200000.; -elastic modulus
epsu=0.10;  maximum strain <mm/m>
Bilinear with no hardening

eco=0.002;  strain at maximum force <mm/m>
ecu=0.0035; maximum strain <mm/m>
Mander with zero tension

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All
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1500000
ACS SASSI
1000000 XTRACT
500000 -
— ytract
o
-0.002 -0.001 0.001 0.002 0.003
-500000
Dir. 1
-2500000
¢ (rad/m)
2000000
1500000
1000000 ACS SASSI
XTRACT
500000
= yxtract
{6}
-0.0005 0.0005 0.001 0.0015 0.002 0.0025
Dir. 2

-2500000

& (rad/m)



Arbitrary Shape Verification Against XTRACT

Concrete:

fck=30.; compression strength <N/mm”2>
fct=0.; no tension strength
Ec=2.440e+04; <N/mm~2>

eco=0.002; strain at maximum force <mm/m>
ecu=0.0035; maximum strain <mm/m>
Mander with zero tension

80000000

60000000 (
40000000
=apoceae —— ACS SASSI
—— XTRACT
= 8
EE'—U.DD25 -0.002 -0.0015 -0.001 -0.0005 h 0.0005 0.001 0.0015 0.002 0.0025
= -20000000
Example 2 D
-80000000
¢ (rad/m)
Axial force N=100000 KN, with
Reinforcement: mesh_size=500mm.
fy =345, yield strength of longitudinal rebars ] )
<N/mmA2> Same reinforcement ratio for all elements: 1%.

E =200000.; elastic modulus
epsu=0.10; maximum strain <mm,/m>
Bilinear with no hardening
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Hysteretic Models Library Available for Nonlinear RC Walls

The hysteretic model library includes 8 types of models applicable to the structure RC walls:
1-Cheng-Mertz Shear (CMS)

2-Cheng-Mertz Bending (CMB)

3-Takeda (TAK)

4-General Massing Rule (GMR)

9-Maximum Point-Oriented (PO) for Shear - per JEAC 4601 App. 3.6

6-Maximum Point-Oriented Degrading Trilinear (PODT) for Bending - per JEAC 4601 App. 3.6
/-Hybrid Shear (HYS) — obtained by combining PO Shear and CMS models

8-Hybrid Bending (HYB) - obtained by combining PODT Bending and CMB models



Remarks for JEAC 4601 Max Point-Oriented (PO) Shear
Hysteretic Model

Hysteretic Damping is zero!

] - . e -

e B L B & B J B ]
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Remarks for JEAC 4601 Max Point-Oriented-Degraded-Trilinear
(PODT) Bending Hysteretic Model

M Hysteretic Damping varies from 0% to 15%;
. 0% at yielding and 15% at failure (ultimate).
2 HJ;-'. B ] o
N b, (%)
- ' A
r - F ]
fr 1 |2M, .
H" | g
x, A7
S
'#'m.m d ! > ¢
i P 0 |, >
| Stable loop L b .
i iﬁ:‘”-' = The low hysteretic damping values recommended in the JEAC 4601
- = ’ are based on a series of experimental tests done for various
;”'-t.-" shearwall configurations and typical NPP structure RC walls with
e ] larger thicknesses and reinforcement percentages than those of the
_ | RC walls in conventional structures (Taitokui report, 1987). These

damping values are lower than those computed using FEA codes.

78
2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021



CM & JEAC 4601 PO Model Hysteretic Loops for Harmonic Inputs

CMS Hysteretic Loops for 0.9 Failure

US Practice

12

\l\

1 T T 1 1 1
-4 00E-03 -3 ODE—OB -2 00E-03 -1.00E-03 0.00E+00 1.00E-03 J00E-03 3.00E-03 4. 00E-03
/ i /

125600

f T T T
-4.00E-03 -3.00E-03 -2.00E-03 -1.00E-03 .00

JEAC PO Hysteretic Loops for 0.9 Failure

150000
0000

- Japan Practice

50606

Py
SO0

E+00

T T T 1
1.00E-03 2.00E-03 3.00E-03 4/00E-03

No hysteretic damping
for shear deformation

CMB Hysteretic Loops for 0.9 Failure

— /
/

r T 1
-0.003 /—D.IDDZ -0.001 0.001 0.002 0.003

\

4 3canan
LT E 0T

f T T O.O0E+00
-3.00E-03 -2.00E-03 /HJE—OB 0.004
[ .

=

uuuuuuuu

nr/”7
(_,///

E+00

T 1
{DOE-03 2.00E-03 3.00E-03

Hysteretic damping limited to
15% for bending deformation

el
uuuuuuuu

79‘
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Cheng-Mertz Shear Hysteretic Model Against Wall Test Data
Cheng-Mertz Shear Model (Model 1)

WR-10 Test Data vs. Cheng-Mertz Shear WR-20 Test Data vs. Cheng-Mertz Shear

iiiiiii
lllllllllll

''''''''''

— WR-10 Test Data

200 ;
¢ i : i ;
A . . —— WR-20-Test Data 200 : {---‘ ;
U] . F)
****** ChEnE'M E'r'tE EhEEr / :.': / ’.i wRRE R Che HE_M Ert She ar ; : / ': /{
:':: ; ¥ ! i: 1 g:l o .'. f '; / i?‘
- 5 s o . ! ¥
1111 : ..I’. !‘.‘*- -!. ¥ il" lﬁ
IIIIIIII . :t . .“,.F‘ “'-,i‘ " A ‘*"‘ y
L s ¥ I'l' 1." o ot
50 ﬁvﬂ/_w".- D & 100 -1po 40 ’ 'iﬁﬁ"' iR, A ...19"" 40 ] g0 1
_-/ - r ;l A T
. . ¥ ¥ A i
l.‘ i.'I' l' ; /’:
Ilr "" |" ; : L]
L] " )“ ;' 1! L
7 YAy

Effective Damping = 18% /: >t

(e
\

Oh, Y. H., Han, S.W. and Lee, L.H. (2002)
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JEAC PO Shear Hysteretic Model Against Wall Test Data

JEAC 4601 Point-Oriented (PO) Shear Model (Model 5)

WR-10 Test Data vs. JEAC 4601 PO Shear

WR-20 Test Datavs. JEAC 4601 PO Shear

iiiiii

. =——WR-10Test Data

IEAC 4601 PO Shear

——WR-20 Test Data

****** JEAC PO Shear

o

o

Effe

ctive Damping = 5%

V&7
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Hybrid Shear Hysteretic Model Against Wall Test Data
Hybrid Shear Model (Model 7)

WR-10 Test Data vs. Hybrid Shear WR-20 Test Data vs. Hybrid Shear
e W .
—— WR-10Test Data Z: ] :
IRRECEE Hybrid Shear /. g -=f7
s e,  ——\WR-20Test Data
o Iy
R // ------ Hybrid Shear
RO
% T

i Best fitted model |, &

on experiments

™.
1\
AN

e 1,
/ | A AL Effective Damping = 9% /.
A 145
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Comparisons of JEAC and Cheng-Mertz Model Hysteretic Loops

Same Input Displacement Histories for CMS and CMB vs. JEAC PO and PODT

PANEL 7 SHEAR ONLY PANEL 1 BENDING ONLY

2.00E+04 8.D0E+05

200404 -8.00E+05

83
2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI

\WWoarkehaon Notee Tokvo Dec 2021



lterated ATF Response Using Same Hysteretic Models

for US and Japan Design Practices

lterated ATF for X Dir for CM Models

e E |5t i

Iterated ATF for X Dir Using Hybrid Models

s Jastic

=== ASCE4 & ACI-318 (CM)

» s JEAC 4601 & AlIRC (CM)

Very go

Amplitude

s |EAC 4601 & All (HYB)
=== ASCE4 & ACI-318 (HYB)

od matching

40
pLY)

01

Cheng-Mertz Models l Hybrid Models with ———
with No Damping Limit = _|\2 n“. No Damping Limit
L 6
i |
| I 4 / \ || ﬂ
7 I 1\
/ ‘\ il /", v m /
27\ \{ i AN /AY
5 - \‘
) Frequency (Hz) 10 100 01 Frequency (Hz) 10 100
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Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit

Equivalent ATF for X Dir

18
TUF

r

Equivalent ATF for Y Di
| if
s B |3t i
e EAC 4601 & AIRC(PO] — 14 :

13
IL

!
e E lastic

e |EAC 4601 & AlIRC PO)
=== ASCE4 & ACI-318 (CM)

13
I

Amplitude

Aamplitude
(=

o

LY
A"
-
[
-~
-
n
,
==]
r
]

01

Frequency (Hz)

01 1
100 Frequency (Hz)

10

100
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Comparisons of JEAC 4601 and ACI 318/ASCE 4 Model SSI Results

600000

500000

400000

300000

200000

100000

600000

500000

400000

300000

200000

100000

from Separate Nonlinear SSI| Analyses (CM & PO Models)

M teration 1 M Iteration 2
M [teration 3 W lteration 4
W [teration 5 @ Iterafion &
m lteration 7

Equivalent E for Shear Using CMS

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

W lteration 1 W lteration 2

Equivalent E for Shear Using JEAC PO ,c..iion2  mIteration 4

M [teration 5 M Iteration b
M lteration 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
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Comparisons of JEAC 4601 and ACI 318/ASCE 4 Hysteretic Loops
Based on Separate Nonlinear SSI Analyses (CM & PO Models)

Panel 11 Shear for CMS vs. JEAC PO

Panel 11 Bending for CMB vs. JEAC PODT

-6.00

E-04

I
-4.00E-04

I
4.00E-04 6.00E-04

Fal LiA
T OO 7 T
-2.00E-04 f 2.00E-04

-6.00E-06

6.00£-06
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3 Direction Nonlinear Responses Combined at Each SSI Iteration

For DBE level, ASCE 4-16 recommends reducing by 50% the shear and bending wall stiffnesses
due to the concrete cracking, while the axial wall stiffness remains unchanged. The structure
behaves nonlinearly under the horizontal input components and linearly elastic under the vertical
seismic component. This is also JEAC 4601 practice.

To simulate the 3 directional seismic input motion, the horizontal and vertical SSI displacements
computed at the corner nodes of each wall panel (or spring) shall be combined at each iteration.
This is achieved by using the COMB_XYZ_THD module.

REMARK: JEAC 4601-2015 does not require the X and Y nonlinear responses to be combined
during the nonlinear SSI analysis. Structural responses computed for the three seismic input
directions are combined at the end of the nonlinear SSI analyses.



Modeling of Interaction Between Shear and Bending Effects

These interaction effects are included at each SSI iteration by the following Option NON options:

1) Shear Governing: Assuming that the shear stiffness variations are governing the wall stiffness
degradation at each SSI iteration (RC wall material stiffness degradation based on the Shear hysteretic
models only, i.e. material Esb=Es, fully coupled)

2) Bending Governing: Assuming that the bending stiffness variations are governing the wall stiffness at
each SSl iteration (RC wall material stiffness degradation based on the Bending hysteretic models
only, i.e. material Esb=Eb, fully coupled)

3) Shear and Bending: The equivalent bending and shear stiffnesses are computed independently at
each SSl iteration (RC wall material stiffness degradation based on both Shear and Bending hysteretic
models, i.e. material Esb is different from Es and Eb). An elliptical interaction curve for combining the
shear and bending stiffnesses is applied at each SSI iteration.




Effects of M/Q Ratio on Shear and Bending Squat Wall Capacities

2000 -
M, y
G ©
S e T o .0
/, ..................... 2.
150G 4 . M.egs5em
. A}
’é‘ .................. M.35cm s | ) e o
g‘ g 7!35 cm
= 1000 + . a
& yeld poirt
5 et ve < Larger M/V largely
3 7 2 v - reduces Shear
- Larger M/V slightly 1/4 Messem S
increases Bendin {5 S
5 i g JEAC App. 3.7 includes
o 4 ities. o .
P \  this interaction.
<5 yield point
0 &———r 1 e T T 3 I ’ L ¥ T 1
0.00000 90.00005 0.00010 0.00015 0.90020 92.00 0.9672 0.034 0.00% 0.008 g.Q10
8y BEMDING AMO BASE ROTATION (RAQ/CH) Y, SHEAR SIRAIK (CM/CM)
Figure 4a. Moment-curvature Figure 4b. Shear-shear strain Cheng, 1993
relationship at various relationship at various
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Nonlinear Shear-Bending Interaction Effects (Comb_Shear_Bend)

Shear e )2 i _ . . .
(V{,o> + (Vuo SW6 Wall Tests for the shear-bending In Option NON, shear-bending interaction
c interaction data at NCKU laboratories effects are included at each SSl iteration
50 - (Cheng and Mertz, 1989) based on an ellipsoidal interaction curve.

40 4 Calculated

Ultimate state shear-bending
interaction equation has only a

Es,j/Esb, j-1

SHEAR (TON)

3% error comparing with tests

30 - N %
Yielding state shear-bending iz :

£0 interaction equation has only a — ;i - Bending
9% error comparing with tests i :

10 ]

Eb,j/Esb, j-1

Bending Isotropic

O 200 400 600 800 1000 1200 1400 1600 1800 material
MOMENT (TON-CH)
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‘-"'?.h.f"’..
o . Es,j/Esb, j-1 . e

Esb,j/Esb,j-1

E _shear; * E_bending;

E_shear; * E_bending; E_comb; =
E_comb; = - 5 -
E_comb;_, 0.5(E_shearf + E_bending;)
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Computed ISRS for 0.70g: 1) Shear Governing, 2) Bending
Governing and 3) Combined Shear and Bending with M1

Acceleration (g]

Elasticand NonlinearISRS at Mid-Height for 0.70g

s |5t i
s Shear Governing

Bending Governing
«««««« Combined Shear and Bending

10
Frequency (Hz)

100

Acceleration [g)

20

18

16

[
=

=
(]

=
=

(]

Elastic and Nonlinear ISRS at Top of Structure for 0.70g

\

|

e a5t i

e ShE Er Governing

Bending Governing

ssss0s Combined Shearand Bending

10
Frequency (Hz)

100
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Combining Shear and Bending Interaction Effects Stiffness.
Comparing ISRS Results for M1 and M2 Methods

ISRS at Top of TB in X Dir (S& B) Combined with M1 and M2 ISRS at Top of TB in Y Dir (S& B) Combined with M1 and M2
20 20
e Elastic
18 1= e ACI318-08 (SFO.8, M1) S
ACI 318-08 (5F0.0, M2) === AC|318-08 (5F0.8, M1)
16 4 rrree ACI318-08 (SFO.8, M2) )
16 — ACI318-08 (SFD.0, M2)
***** ACI318-08 (5F0.8, M2)
14 14
% 12 Eu
-.9. \ : /
o 10 o :
g m 10 3
9 = '\ I
3 ; ‘)
T 8 ﬁ'. 3 3 3 .'
[V /\ q 4 :“' /
P E ¢ U
& +— \ g [ "'l;. N
" ¢ v
L M \ ‘ "
* ' i"L-P LY aod ¥ N 4 ¢ l\ e N
o /\/J b i-"*'i l.‘f LRl g J" i’,i‘ I,
(T TR
3 ‘,_f" f o T e e e B e e e 2 r U hl ok L L
0 o _/-.”-’
01 ! Frequency (Hz) 10 100 01 1 Frequency (Hz) 10
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Lateral load (ton)

Experimental Tests for Shear and Bending Interaction Effects

Based on RC Squat Wall Tests I5erformed In 1990s at Los Alamos Lab

4500
4000 < Shear wall SW16
3500 - —2 Bending
) e—a Shear
== Total
3000 -
2500 =
2000 <
1500 <8 ¢4
1000
D } ] : ] Ll [] d ]
] 3 6 ) 12

4000 =
3500 =

3000

e -

(b) Shear wall SW16 Lateral displacement (mm)

Figure 89 Comparison of bending, shear and total lateral displacements for backbone
curve of shear walls
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Shear wall SW12

&4 Bending
&—=o Shear
& Total

The wall stiffness reduces
due to the shear-bedning
interaction effects.

(a) Shear wall SW12

9 12 15
Lateral displacement (mm)

Cheng and Yang, 1996 95



Nonlinear Structure Roof Displacements for 1) Shear Governing,
2) Bending Governing and 3) Combined Shear and Bending

Non S&B vs. S at Roof in Y-Dir Non S&B vs. B at Roof in Y-Dir
2 00E-01 2 00F-01
= 'CMB Bending and CMS Shear' ==='(MB Bending & CMS Shear’
1.50E-01 l ==='CMS Shear Only L5001 = 'CMB Bending Only'
1.00E-01 | l
5 00E-02
'l [ ”Wlﬂ\”ﬂ" l
0.00E+00 - | l ||| ] i1 ] 1 H| L
1

-1.00E-01

i
wh
u

-2.00E-01

| | -200e01
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Bending-Shear Interaction Curves vs. 0.70g Seismic Demands
for TB Structure, for Wall 3 (T) and Wall 1(L) at 15t Floor

Moment-Shear Interaction Curve for Wall 3 (T) and 1st Floor Level

Moment-Shear Interaction Curve for Wall 1 (L) and 1st Floor Level

s Y [ELDING M-V
s |JLTIMATE M-V

\l Seismic Demand History Points

==Y [ELDING M-V
s | LTIMATE M-V

—— & Seismic Demand History Points —
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Moment-Axial Force (M-N) Interaction Curve Are Computed For
Each Flange (L1 and L2) in Compression (see .dmn files)

N (kN) M (kN-m) Phi (1/km) Xnu (cm) epsc Eps s
-4.88E+05 0.00E+00 0.00E+00
6.02E+04 1.96E+07 2.15E-08 2.15E+03 4.57E-04 1.85E-03 M-N Interaction Diagram for Wall TH
8.03E+04 2.04E+07 2.17€-08 2.23E+03 4.81E-04 1.85E-03 8/00E+07 |
1.40E+05 2.29E+07 2.23E-08 2.48E+03 5.51E-04 1.85E-03 Yielding L1-L2
1.81E+05 2.46E+07 2.28E-08 2.64E+03 5.97E-04 1.85E-03 AHooE+o7 Kimate L1-02 —
2.01E+05 2.54E+07 2.30E-08 2.72E+03 6.19E-04 1.85E-03 =y .
2.21E+05 2.62E+07 2.32E-08 2.79E+03 6.42E-04 1.85E-03 1o =4=Ultimate L2-L1
2.41E+05 2.70E+07 2.34E-08 2.86E+03 6.64E-04 1.85E-03 1 ¢ —@-Yielding 12-L1 |
2.61E+05 2.78E+07 2.36E-08 2.93E+03 6.86E-04 1.85E-03 '
3.01E+05 2.94E+07 2.40E-08 3.07E+03 7.31E-04 1.85E-03 s
3.21E+05 3.02E+07 2.42E-08 3.13E+03 7.53E-04 1.85E-03
3.41E+05 3.10E+07 2.44E-08 3.20E+03 7.75E-04 1.85E-03 4
3.61E+05 3.17E+07 2.46E-08 3.26E+03 7.96E-04 1.85E-03
3.81E+05 3.25E+07 2.48E-08 3.32E+03 8.18E-04 1.85E-03 ;
4.01E+05 3.32E+07 2.50E-08 3.38E+03 8.40E-04 1.85E-03
4.21E+05 3.40E+07 2.52E-08 3.44E+03 8.62E-04 1.85E-03
4.41E+05 3.47E+07 2.54E-08 3.50E+03 8.84E-04 1.85E-03 :
4.82E+05 3.62E+07 2.58E-08 3.62E+03 9.28E-04 1.85E-03
5.02E+05 3.69E+07 2.60E-08 3.67E+03 9.50E-04 1.85E-03 t
5.22E+05 3.77E+07 2.62E-08 3.73E+03 9.71E-04 1.85E-03
5.42E+05 3.84E+07 2.64E-08 3.78E+03 9.93E-04 1.85E-03 £+00
5.62E+05 3.91E+07 2.66E-08 3.84E+03 1.02E-02 1.85E-03 -1.50E+06 -5.00E+05 5.00E+05 1.50E+06 2.50E+06 3.50E+06 4 50E+06
6.02E+05 4.05E+07 2.71E-08 3.94E+03 1.06E-03 1.85E-03
6.42E+05 4.19E+07 2.75E-08 4.05E+03 1.10E-03 1.85E-03 N gravity = 1.82E+05
6.62E+05 4.26E+07 2.77E-08 4.10E+03 1.13E-03 1.85E-03
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2.3 Nonlinear Modelling for Floor Cracking

(Coming in V.4.3.3, planned by end of 2021)



Nonlinear Modeling for RC Floor Cracking (V4.3.3)

For floor cracking we consider the principal face stresses in each shell element (for S+G).
If stress values are above the cracking strength, then, the shell element is considered
cracked, and its damping is increased to 7% from 4% for US, or user sets cracking limits
for stiffness and damping for Japan and oversee.

—— | due to bending deformation, w

Thin Plate (Kirchhoff) | |dw

e

Py = Yxz, ech due tosheardeformation, y

-~

Thick Plate (Mindlin)

-~ I
I
/ / Transverse
_ X,

shear stress
—= vyariation

~
/K The plate cross-section rotation depends on the

Jw| transverse displacement horizontal variation and on the
+ ——  transverse shear strains.
0X|  The transverse shear strains/stresses are assumed
constant. Element strain energy adjusted for the
parabolic shear stress variation by the shear factor for
rectangular cross-section.
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2.4 Option NON Simple:

Applicable to Low-Rise Shearwall Structures
Dominated by Shear Deformation in RC Walls

(Include Only NONLINEAR Module)



Option NON Simple Application (NONLINEAR Module)

* PanelxoacTHS = Paneboaxo_elastic.THD
* Panel.FMU = Panelxxxx_elastic.FMU

* Modelname.hou = Modelname_elastic.hou

I Copy and save all outpUt TIes.
* Panelxxxx_itB.THD and Panelxxxx_it#.THS

* Panelxxxx_it#.crv

Initial Elastic SSI Analysis Iterative SSI Analyses .
Nonlinear element
SITE nodes should be
POINT | @ p—==—== lected b
HOUSE selectea Dy user.
ANALYS | I A 4
MQTION I HOUSE / NONLINBAT
RELDISP I | ANALYS (Restarf) generates batch file
v I MOTION
COMBIN_XYZ_THD I RELDISP
NONLINEAR Step2 |
‘l, [ v Result Files for Iteration #
——— Step3 | | COMBIN_XYZ_THD
opy and Save all output files.
* Panelooo THD = Panelxxxx_elastic. THD : NONLINEAR CONVERGENCE
| 1
|
J

I
* Modelname_new.hou = Modelname.hou J
* FILE8 => FILES |t1 | == o = = * Panel_it#.FMU

* PANEL_EQL_MATL-PROPTXT = * Panel_EQL_Matl_Prop_It#.txt
PANEL_EQL_MATL_PROP_ITLTXT * Modelname_it#.hou




Option NON Simple Applicable to Low-Rise Shearwall Structures

Based on the hysteretic behavior of each wall panel, the local equivalent-linear properties are
computed after each SSl iteration. The stiffness reduction is applied directly to the elastic modulus
for each panel. This implies, under the isotropy material assumption, that the shear, axial and
bending stiffness suffer same level of degradation. Poisson ratio remain constant.

The wall panel shear stiffness modification as a result on nonlinear behaviour is fully coupled with
the bending stiffness. This is a reasonable assumption only for the low-rise shearwalls for which
the nonlinear behaviour is governed by the shear deformation, while bending effects play an
insignificant role.

Based on various experimental tests done at Cornell University, Gergely points out in NUREG/CR
4123, 1984 that in the low-rise walls such as those that occur in the modern nuclear power plants,
the flexural distortions and associated vertical yielding play a negligible role. This was also
recognized later by many other research studies, including the EPRI report on “Methodology for
Developing Seismic Fragilities” (Reed and Kennedy, 1994).



Nonlinear Building Model Split in Simple Wall (Shear) Panels

Nuclear building model split in nonlinear panels with
different nonlinear material properties.

Many ACS SASSI Ul commands are available: WALLFLR,
SPLITWALL, SEGWALLS, PNLGEN, etc.

Each panel should be described by its
elastic properties, BBC and hysteretic
model for in-plane shear such as, Cheng
Mertz, PO Shear and Hybrid models

1(
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WALLFLR Command (No Parameter)

The WALLFLR command will take the current active model and delete all of the non shell elements in
the model. Then the command will attempt to separate all of the shells into different wall and floors
groups based on a coplanarity test of the shell elements. If 5 or more elements are found to be coplanar,
then these elements will be put into a new group. All of the elements that were not put into wall or floor
groups because there were not enough coplanar shells to form a new wall or floor in a separate group.

SPLITWALLS Command (No Parameter)

This command splits walls (shell groups that are not perpendicular to the global Z axis) by using
intersections with other floors (shell groups that are perpendicular to the global Z axis).

This command does not change floors groups. This command should be used before SEGWALLS in
most cases.



NONLINEAR Module Ul Input Dialog Window

e e

EQUAKE | 50IL | SITE | POINT | HOUSE | FORCE | AMNALYS | MOTION | STRESS | RELDISP | NONLINEAR | AFWRITE
Global Modeling Options

Disp. Factor Damping Cutoff % ICI
Damping Scale Factor D Material Parameter

[] Use Mon-linear Panels Use Mon-linear Springs Use Mon-linear Beamns

[ Include Elastic Darping

Backbone Curve Data

Backbone Curve = X Y a

1 0.01 100
Type 4 |
2 0.0223 220
Vield Num. |11 3 | ooz 226
4 0.0244 232
5 0.0265 238
6 0.0302 244
7 0.0374 251 v
Panel Data Spring Data Beam Data
Group Mum. | 0 | Group I"-Jum.| & | Group Mum. 0
BEC Mum, | 0 | Elermn Murmn. | 1 | Spring Gr. 0
Disp Type | 0 | BBCNum. |1 | BBCNum O
Force Opt 0 | Dof, | 1 | Force Opt 0
Force Opt | 4 | Bearn End 1 [
BearnEnd 2 O

Ok Cancel
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EQL Command

EQL,<disp>,<NonLinOpts>,<dampCutoff>,<dampScale>,<ElasicD>

Set the options for the nonlinear structure simulation. This command sets header information for the
nonlinear module input (*.eql) file.

This information can also be set interactively using the NONLINEAR analysis options tab, found in
the Options—Analysis menu selection.
Disp — displacement reduction factor (DRF, typically 0.80, or PSD-based)
NonLinOpts - nonlinear modeling options
DampCutoff - damping cutoff value
DampScale - damping scaling factor
ElasicD - Include elastic damping flag
- 0-Don'tinclude
- 1-Include



Nonlinear Structure SSI Input .Pre File (EQL, P)

94
941
942
943
944
945
946

[N BT T o T R R L B = DL = B = R = B = BT = R = T
(Y= .-Lx 1=
(O e O i N (Y iy Y SO A Y e Y e T W Y S |

M =

ST T T v 2 TN Y o L i I O i o O Y O o

i LY

L
2]
¥

L
(5]
wn

L
Y (=3}
T (Y =S W |

L L L
= s I T )
L [ 1

B = O o O

[ T e T L LY
- | - |

LS

L,11,5,0.15,200000,100000,0.01,0.
L,12,5,0.15,200000,100000,0.01,0.
L,13,5,0.15,200000,100000,0.01,0.
L,14,5,0.15,200000,100000,0.01,0.
L,15,5,0.15,200000,100000,0.01,0.
L,16,5,0.15,200000,100000,0.01,0.
* Real Property Table

01
01
01
01
01
01

rR,1,11.111,0,0,17.387,10.288,10.288
R,2,13,0,0,22.316,9.75,20.343

R,3,2.84%,0,0,28.958,0.333,28.252

QL command

* NonlLinear

EQL,0.8,1,0,1,1 «— [E

-
-
-

r r

1,1
1,1
1,1

-
-

1
2
3

-
-

-
-
-
-

-
-

- wm

-

-

-

|90 BT S S I S T T e T T

[ e e T B
-

-

BB I I I R G
-

[Te == R N T, BT U
-

el el el e =R = I

-

P, 13, 19 13,
P,14,20,14,
P,15,21,15,
P,16,22,16,
P,17,23,17,
P,18,25,18,
P,19,26,15,
P,20,27,20,
P,21,28,21,

r

r

1
1
1
1
1
1
1
1
1
1!
1
1
1
1
1
1
1
1

r

A

EQL,<disp>,<NonLinOpts>,<dampCutoff>,<dampScale>,<ElasicD>

PANELGEN and P commands

P,<num> <group>,<bbc>,<disp>,<force>

__hnologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes,

T ~Alvimn MNYams 29N 1
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Nonlinear Structure SSI Input .Pre File (BBCP)

I T T T e 2 T T o T o T o O T 1 T W O A |

oo 0o 0o OO 00 OO OO o0 oo 0o

(Te]

oo =]

LY

%]

S e T O B = T

oo

LT

%]

S LR La

oo

2} 3 LD

S e T B =

(n's]

YL

%]

P,106,113,1
P,107,114,1
P,108,115,
P,109,11¢,
r,110, 117,_
p,111,118,

P,112,1189, BBCGEN <Panel>,<ShearModel>,[fc],[fy],[Pn],[Nu],[bre],[bys],[CrackingForceLevel]

P,113,120, .
BBCI,1,21,1
BBCF,1,1,0.
BBCP, 1,2,
EECPE, 1,
BBCE, 1,
BBCPE, 1,

BBCP,1,12,U

BBCF,1,13,0.
BBCP,1,14,0.
BBCP,1,15,0.
BBCP,1,16,0.
BBCP,1,17,0.
BBCF,1,18,0.
BBCF,1,15,0.
BBCF,1,20,0.
BBCP,1,21,0.
BECP,1,22,0.

BBCI,Z,21,1
BBCP,2,1,0.

0e,1,1
07,1,1

BBCGEN

——p gy -

L.yl

00013825,2415.1

.000152075,2650.
.0001e59,2874.0¢6

.000179724,3085.
.000153545,3284.
.000207374,3471.

.00022115%,364d6.
.000235024,38009.
.000248845,3%60.
.000262674,4085.
.000276455,4226.
.800250324,4341 .
000304145,4443.
000317974,4534.
000331799,4612.
000345624,46759.
000355445,4733.
000373274,4776.
00038709%,4806.
000400524 ,4824.
000414749,4830.

02,4526.97

00013825,805.06

8

66

395
65
82
82
95
9
T
57
29
93
5
99
41
15
02
21
32
36

BBCF,2,2,0.000152075,883.554

BBCP,2,3,0.

000165%,956.022

BBCP,2,4,0.000175724,1028.4¢6
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Ul Commands for Option NON Simple Runs (NONLINEAR module)

- Batch file for a typical nonlinear analysis can be created with the NONLINBAT command
« Option 0 = Create batch file for single input direction, X
« Option 1 = Create batch file for three-direction input, X, Y, Z

» This will only create the .bat file. The remaining input files need to be created using the
AFWRITE function in the Ul.

« Nonlinear spring nodes need to be requested as outputs for MOTION and RELDISP runs

NONLINMOTDISP Command

This Ul command finds the corner nodes of all panels defined by the P command. The corner
nodes are then added to the output request list of the MOTION and RELDISP modules.



SHEAR Command Per US Standard Recommendations
SHEAR, <panel>,[fc],[fy],[P],[Nu],[Fvw],[Fbe]

Walls have no openings!

This command calculates the peak shear strength of a single panel or all wall panels. The SHEAR
command uses four different peak shear equations, such as those provided by ACI 318-19, Wood,
1990, Barda et al., 1977 and Gulec-Whitakker, 2009 (see Gulec and Whittaker, 2009 for details).

The lower bound value for Wood, 1990, and the upper bound value for Wood, 1990 and ACI 318-19
equations are also included.

A total of six columns with computed peak shear strength are written for each panel. The columns of
the result table are in order, the panel number, upper bound of ACI 318-08 and Wood, 1990, lower
bound of Wood, 1990, Barda,1977 and Gulec-Whittaker, 20009.

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec
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SHEAR Command Example for 20 Wall Panels

SHEAR #,2,4.771,83.25,0.01

Upper Bound Lower Bound Barda G-ulec-
Panel # ACl 318-08 | Wood (1990) Whittaker
ACIl 318-08 (Wood, 1990) (1977)
(2009)

1 5968.3261 8983.4501 1798.2381 3580.9957 6904.5338 4850.7109
2 12533.4754 18865.2311 3776.2971 7520.0853 14484.2127 10054.6795
3 29692.4449 44692.6981 8946.2412 17815.4669 35128.3838 36663.1603
4 8952.4780 13475.1583 2697.3537 5371.4868 10175.8698 6069.8205
5 10966.7910 16507.0772 3304.2600 6580.0746 12918.2495 12082.1974
6 9400.1066 14148.9233 2832.2228 5640.0639 11033.3518 9587.9496
7 9400.1066 14148.9233 2832.2228 5640.0639 11033.3518 9587.9496
8 10444.6076 15721.0933 3146.9277 6266.7646 12290.0041 11229.6125
9 29692.4449 44692.6981 8946.2412 17815.4669 35128.3838 36663.1603
10 12533.4754 18865.2311 3776.2971 7520.0853 14484.2127 10054.6795
11 12533.4754 18865.2311 3776.2971 7520.0853 14484.2127 10054.6795
12 29692.4449 44692.6981 8946.2412 17815.4669 35083.6236 35357.2905
13 6266.7377 9432.6155 1888.1486 3760.0426 6899.8619 3428.2487
14 11190.6031 16843.9563 3371.6939 6714.3618 12823.8260 8180.0964
15 20739.9669 31217.5398 6248.8874 12443.9802 23898.7329 16082.1780
16 20739.9669 31217.5398 6248.8874 12443.9802 23898.7329 16082.1780
17 12533.4754 18865.2311 3776.2971 7520.0853 14025.4002 7555.0970
18 12533.4754 18865.2311 3776.2971 7520.0853 14577.4707 10949.3572
19 12533.4754 18865.2311 3776.2971 7520.0853 14577.4707 10949.3572

17815.4669 35083.6236 35357.2905

I
[ =

29692.4449

44692.6981

8946.2412




BBCGEN Command (continuation)

<Panel>

=0, the BBC curves will be generated for all panels defined by the user assuming the same
command parameters. The Panel = 0 option, it can be used in conjunction of submodels, to define
properties of panel subsets.

= K, the BBC will be generated only for Panel K. 4 /,./——g'—'—
v Shear or ¥

V 4
Moment .7

CRACKED
[CrackForceLevel] / (0.50 Ec, Max. Damping = 7%)
= 0. Default option for building BBC
curves uses new ASCE 4 standard
recommendation in Section C.3.3.2 UNCRACKED V= GAshear¥
for defining the concrete cracking / (1.0 Ec, Damping = 4%)

stress level by the value of y

3Jf_¢/Gc (shear strain)

= Vcr/Vu alue in the [0.1 0.5] interval. Uses the cracking shear/ultimate shear force ratio to build
the BBC curves.
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BBCGEN for Different Concrete Shear Wall
Concrete Cracking Criterion Parameter Options

v 10" BBC Curves for Different Cracking Criteria
R ABOO0 v

BBC Curves for Different Cracking Criteria

B T
L m :
#* :

ASCE 4-16

mmm= Verffmax=0.5 .

 ACI 31808

[o]m

15_ aoooL ....... ".,f .....................

Shear Force
Shear F
y

T
o

T
~

6000 .”....é.”'..”.;......”.”.”.”....._.”EH._.” ”é_._._._._.....”.”.”.”;.....”.

: : : : : !
: : e ASCE 4-16 : : : :
mmmm Yermax=0.1 | : : : == Yermax=0.1

—— ASCE4-16

=mmm CrAMax=05 | 5 § : : === YerAMar=0J5 |

0 | | | | | | | I I j 0 i i ‘ | i I | T T
1 2 3 4 3 8 7 8 9 10 1 2 3 4 5 6 7 8 g

Shear Strain ¥10* Shear Strain %10

|
10

4



2.5 Option NON Advanced:

Applicable to General RC Shearwall Structures Including
Both Shear & Bending Effects in Walls

(Multistep Analysis which optimally combines using the Ul commands and
Batch Runs, including a Pause-Step for User Nonlinear Input Reviews)
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Option NON Advanced Implementation Flowchart

Build SSI Model

Analyst creates a
3DFEM for with
element groups for
each wall.

AB_Shearwall.pre
Input File

Step 1

(ul)

Atd/yst uses
Ul Section-Cut
commands to split
3DFEM model into
wall submodels

ACS SASSI SSI Analysis

Seismic o STRESS Module Runs

SSI

STRESS Binary DB
for combined X, Y and
Z Seismic inputs

Step 4 (B) (U))

o, Step 3
? (B)

o

Gravity i

SSI STRESS Binary DB

for Gravity load

in Z direction J

AB_ShearWall
_Walll.pre

AB_ShearWall
_Wall5.pre

Step 2 (Ul)

Compute Shear and Bending BBCs

AB_Submodels_for_BBC.in file
Section_Cut_for BBC Module Run
: Automati Qptions for Flanges:
: - and ,5;“: 1) Japan AlJ RC
‘ IS '9€M 2) US ACI 318
Step 5 Section_Data_for_BBC.out file (B)

| User Section Review Adding RC Material Inputs
Step 6  Revised Section Data_for BBC.infile (EIF)

Step 7 BBC_JEAC_ACI_Fiber2D Run I |
| BBC Shear.pre & BBC Bending., Qptions for BBCs:

Step 8  Create_Flange_Materials 1) Japan JEAC 4601
| AB_ShearWall_New.pre fil 2) US ACI 318/ASCE 4
Step 9 Ul is Used to AFWRITE New inputs (ul) }

Generate New .Hou and .Eql Input Files

Option NON Nonlinear SSI Analysis (Batch Run)

1 Shear and benading eftects are combined at each
Step 10 SSI iteration using COMB_Shear_Bend Module
(B) File8 files for converged SSI solution

Step 11
1

Final SSI Post-Processing (B) (Ul)
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Nonlinear SSI Analysis Steps Per Best Practices in US and Japan

Here are the main steps of the nonlinear SSI analysis procedure:

1.

2.
3.
4

Prepare structure FE model. (ACS SASSI Ul)
Create the nonlinear RC wall FE submodels from structure FE model (ACS SASSI Ul)
Perform initial SSI analysis for the gravity and seismic loads (ACS SASSI SSI modules Batch/Ul)

Perform automatic wall cross-section geometry identification and automatic section cuts for each
wall at each floor level for the gravity and seismic loads. (Section_Cuts_for_BBC module)

Compute shear and bending BBCs for each wall per US or Japan standard recommendations
(BBC_JEAC_ACI_Fiber2D module)

Select hysteretic wall models per US or Japan standard recommendations (NONLINEAR module)

Perform iterative nonlinear SSI analysis using shear and bending hysteretic wall models and
combine shear and bending responses at each iteration (Change_Flange_Materials and
COMB_Shear_Bend modules).

Post-process the final SSI results for the converged nonlinear response (ACS SASSI Ul/Batch)
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Option NON Advanced Modules (Plus NONLINEAR Module)

The Section_Cuts_for BBC module — Performs automatic wall section
geometry identification and computes the wall section-cut forces for user-
defined panels

The BBC_JEAC_ACI_Fiber2D module — Computes shear and bending back-
bone curves (BBC) for all the user-defined panels based on either the US
standards or Japan standard recommendations, or 2D Fiber Model

The Create_Flange Materials module - Creates wall flange nonlinear
materials for each wall panel which are used to create a new structure model
pre input file named ModelName_NEW.pre file.

COMB_Shear_Bend module — This combines the nonlinear shear and bending
Interactive effects in wall panels after each SSI iteration.
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Steps 1-2: Prepare the 3DFEM with Separate Shell Groups for Walls

Build SSI| Model Use Ul Section-cut commands to split the 3DFEM model
in Wall submodels (Shell Groups). See Demos 18 and 19

Analyst creates a
3DFEM for with SHClysE RS
element groups for Ul Section-Cut AB_Model_
each wall. commands to split Wall1.pre
3DFEM model into
AB_Model.pre wall submodels
Input File A5 Model.
Step 1 (Ul Wall5.pre
Step 2 (UI)

The 3DFEM and Wall submodel .pre file are used next to
perform automatic section-cuts, section geometry
identification for each wall submodel.
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Steps 3-4: Perform SSI Analysis for Gravity and Seismic Loads

ACS SASSI SSI Analysis

@
Sejsmic o STRESS Module Runs
SSI ?
STRESS Binary DB
1 for combined X, Y and
4—1—» Z Seismic inputs
o Step 3 Step 4 (UI)
: @
Gravity ° (B) |
SSl STRESS Binary DB
* for Gravity load
in Z direction

Step 3:

Perform SSI analysis (Batch)

1) Perform seismic ACS SASSI SSI analysis for the
3DFEM model using “Simultaneous Cases’
ANALY'S option to get FILE8s for post-processing
Step 4:

STRESS post-processing runs (Batch):

2) Run STRESS for the seismic inputs in X, Y and Z
directions and create three binary DB for each input
direction.

3) Run STRESS for the gravity (static) load for Z
direction and create gravity binary DB

Combine X,Y,Z STRESS binary BD (B or Ul):

4) Use COMBTHSDB to combine the seismic binary
DBs for X, Y and Z in a single binary DB.

The Gravity and Seismic binary DBs are used in
Step 5 for automatic section-cut calculations.



Step 5: Automatic Section Geometry Identification and
Section-Cuts at Each Floor Level

_ Step 5:
Compute Shear and Bending BBCs p
. Section_Cut_for_BBC Module_runs (Batch):
AB_Submodels_for_BBC.in file This module performs automatic section-cuts and

Section Cut for BBC Module Run identify the section geometries for all floor levels.

=

= Automatic section-cut Output files:
and section geometry The Section_Data_for_BBC.out output file produced

LI

)
s

g - . identification by the run includes section-cut forces and geometry
= s to be reviewed by the user in Step 6.
Step Section_Data_for_BBC.outfile B) | The Modelname_Section_Data.out as the general
output file with input data and section geometry
results.

The Modelname_Section_Data.txt , output file with
the section data and other input data for next step




Example of Section Geometry ldentification
R AB-SHEAR REFINED WALL #2

-120 -

140 F

--Y axis--

-160 -

-180 -

z =15.583

Correct Section Geometry Identification

| | | | | |
125130135140145150
--X axis--
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Example of Section Geometry Identification
AB-SHEAR REFINED WALL #1

Wall #1

These larger web elements
covers two flange elements. Itis
not a correct mesh modeling.
User has to merge the two small
size elements into one element.

--Y axis--

-120 |-
-140 |
-160 -

S5 5045 -40 -35 -30 -25

-11.042

Incorrect Mesh for Geometry Identification

--X axis--
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Examples of Section Geometry Identification
L

1
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Example of Section Geometry ldentification Data

-Y axis--

<120

140

160

Section Shape ID =5

Web Direction = y+

Section has opening = 3

Number of web segments =4

Seg# Location Length Thickness
1 5.000000 11.500000 5.000000
2 23.500000 21.000000 5.000000
3 48.000000 21.000000 5.000000
4 72.500000 11.500000 5.000000

The web equivalent thickness = 3.651685

Flange #1 Length = 45.000000

Flange #1 Thickness = 5.000000
Flange #2 Length =  45.000000
Flange #2 Thickness = 5.000000
Open # Location Length

1 16.500000 7.000000
2 44.500000 3.500000

I l 3 69.000000 3.500000

-1l 1] 10 20 30
K axis- 2021 Copyright of Ghiocel Predictive Technologies, Inc.. All
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Step 6: Analyst Review of Section_Data Files To Prepare Nonlinear Input

‘ User Section Review Adding RC Material Inputs
Step 6  Revised_Section_Data_for BBC.in file

Step 6:

Analyst shall edit the Section_Data_for_BBC.out file for
checking the automatic generated section-cut geometries
(web and effective flanges sizes including floor openings
effects). The analyst can modify section parameters based
on engineering judgements and need to input concrete and
steel nonlinear material parameters. Analyst should save
the revised file as Revised_Section_Data_for_BBC.in file.
This file is used as an input of Step 7.

Section data are provided in international units (kN and m)

Revised_Section_Data_for_ BBC. in (Step 6)

--------

::::::::::

¥ - 1,158 !
B 46E 0.106216E408 0.0000E+00 0.0000E400 0.0000002400 0.0000002400 0.00002400 W 0.248546E+08 330000E 2000E-02 4000E 0.2 E+09 34 E+06 0.1850E-02
9 3445E+ 1531 0.96449 449+ 93119
§.748¢ 9 .92 .98 4.079 7.3088 .3088 4.7488 5827 1,524 24.078 1.5240 .3088 .3088
% 0.0000 0.0000 0.0000 0.0000 = 1.1550 1.59 1.2460 0.953
+ .24854¢6 0.106216E+08 0.0000E+400 0.0000E400  0.000000E400  0.000000 E+00 0.0000E+00 = 0.248546E+ 330000E+405 20002 4000E 2 E+05 345000E+06 E



Section_Data_for_BBC.out File from Section_Cuts_for_BBC Module (Step5)

Example for Wall 5 Submodel with 3 Floors (and Sections)
3
-8.0264  16.764  40.843 Automatic Section Cut

1 /

Its for N, M and V
0.264106E+05 0.409823E+06 0.404182E+05 TESUIEES 17 [ (V] &
47488 14441 15240 14.441 1.5240 <24.079 15240 13.801 13.801
0 Automatic Section Data

0.0000 0.0000 0.0000 0.0000
0.248546E+08 0.106216E+08| 0.00E+00 0.00E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00
2

0.228232E+05 0.188437E+06 0.358970E+05

11.924 14441 15240 14441 15240 24079 15240 17.650 17.650

G15 - Panel 23

G30 - Panel 22

0 Concrete and steel

0.0000 0.0000 0.0000 0.0000 material parameters,

0.248546E+08 0.106216E+08 | 0.00E+00 0.00E+00 ©.000E+00 0.000E+00 0.00E+00 0.00E+0( reinforcement ratios.
3 To be completed by

0.124042E+05 0.371685E+05 0.215392E+05
19.391 14441 15240 14441 15240 24.079 1.5240 20.946 20.946
0

0.0000 0.0000 0.0000 0.0000 4 ’

0.248546E+08 0.106216E+08 | 0.00E+00 0.00E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00
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Revised Section_Data for BBC.in File Data Description

Line 6: NOPN, X0S, XO0I, Z0S, Z0l, X1S, X1l, Z1S, Z11 (Openings explicitly defined) where
NOPEN = Total number of openings of the wall

X0S, X1S, ... = Superior X coordinates at the top of each wall panel opening
XO0l, X11, ... = Inferior X coordinates at the bottom of each wall panel opening
Z0S, Z1S, ... = Superior Z coordinates at the top of each wall panel opening
Z0l, Z11, ... = Inferior Z coordinates at the bottom of each wall panel opening

Line 7: PVf1, PVf2, PVw, PHw (Wall Reinforcement Percentage)
PV{1 = Reinforcement percentage for Flange 1 (top)

PVf2 = Reinforcement percentage for Flange 2 (bottom)

PVw = Reinforcement percentage for Web (vertical)

PHw = Reinforcement percentage for Web (horizontal)

Line 8: Ec, Fc, Epsc_y, Epsc_u, Es, Fs, Epss_y, Epss_u

Ec = Concrete E modulus

Fc = Concrete Fc strength .
Epsc_y = Concrete Yielding strain These are parameters shall be input by analyst

Epsc_u = Concrete Ultimate strain for each wall Submodel and each floor level
Es — Steel E modulus
Fs — Steel Fy yielding
Epss_y — Steel Yielding strain
Epss_u — Steel Ultimate strain

Repeat line 3 to line 8 for all the sections of the wall.
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Revised_Section_Data_for BBC.in Input for BBC_JEAC _4601_2015 Module

Example for Wall 5 with 3 Floors (and Sections)

3

-8.0264 16.764 40.843

1

0.264106E+05 0.409823E+06 0.404182E+05

47488 14441 15240 14441 15240 24079 1.5240 13.801 13.801
0

1.1950 1.5980 1.2460 0.95300
0.248546E+08 0.3300E+05 0.200E-02 0.400E-02 0.205000E+09 0.3450E+06 0.185E-02 0.500E-01

G15 - Panel 23

G30 - Panel 22

2

0.228232E+05 0.188437E+06 0.358970E+05 Section data are provided only in
11.924 14441 15240 14441 15240 24079 15240 17.650 17.650 .

0 International system (kN and m)

1.1950 1.5980 1.2460 0.95300
0.248546E+08 0.3300E+05 0.200E-02 0.400E-02 0.205000E+09 0.3450E+06 0.185E-02 0.500E-01

3

0.124042E+05 0.371685E+05 0.215392E+05

19.391 14441 15240 14441 1.5240 24.079 1.5240 20.946 20.946
0

1.1950 1.5980 1.2460 0.95300
0.248546E+08 0.3300E+05 0.200E-02 0.400E-02 0.205000E+09 0.3450E+06 0.185E-02 0.500E-01
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Revised_Section_Data_for_BBC.in File for Curved Walls - For Option 1

Example for Wall Submodel with 3 Floors (and Sections)

3
-28.0264 16.764 40.843 Line 5: ZPTS, L1, T1, L2, T2, D, Tw, L1C, L2C (Geometry Section Data) where G15 - Panel 23
ZPTS = Z coordinate of each wall panel bottom
1 L1 = Flange 1 length (top)
T1=Fl 1 thick t
0.264106E+05 0.409823E+06 0.404182E+05 | (- ricezingh tatony = FOF plane walls

47488  14.441 15240 14.441 1.5240 2| 12 Hense2 hickness otom

D = Web length from the Flange 1 outer edge to the Flange 2 outer edge

0 Tw = Web thickness (real for wall with no opening, or equivalent thickness for wall with openings)
L1C = Flange 1 effective width based on AlJ RC standard equations for beams
1.1950 1.5980 1.2460 0.95300 L2C = Flange 2 effective width based on AlJ RC standard equations for beams

0.248546E+08 0.3300E+05 0.200E-02 0.400E-02 0.205000E+09 0.3450E+06 0.185E-02 0.500E-01
2

0.228232E+05 0.188437E+06 0.358970E+0

11.924 14.441 15240 14.441 1.5240 |0.00 1. D=0.00 indicates no plan wall section geometry was identified

0

1.1950 1.5980 1.2460 0.95300 --- For closed section walls, BBC_2DFiber module computes the section
0.248546E+08 0.3300E+05 0.200E-02 0.400E-( geometry parameters using wall submodel .pre

3

0.124042E+05 0.371685E+05 0.215392E+05

19.391 14441 15240 14.441 15240 24.079 1.5240 20.946 20.946 Section data are provided only in
0 International system (kN and m)
1.1950 1.5980 1.2460 0.95300

0.248546E+08 0.3300E+05 0.200E-02 0.400E-02 0.205000E+09 0.3450E+06 0.185E-02 0.500E-01
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Computing BBCs for Closed Section Wall Geometries
Using BBC_2DFiber Module

Section_Cut_for BBC SubModel.pre  Call 2DFiber for D=0 in
Revised Section Data file

and Section_As_Ixx

BBC 2DF|ber

Sectlon to Mesh (0pt-2) > ZDtlber

L Use Section _to_Mesh
Revised_Section_Data_ mesh data based on. Pre file
Material data and some — / w ) -/
geometry parameters - Section_As_Ixx  Mesh_Data_ |

¥
’ 3 Bending BBC Points

3 Shear BBC Using JEAC egs. and

Mcr, Phicr (compare with 2DFiber) Using 2DFiber



Computing RC Section BBC for Circular Walls Using BBC_2DFiber

rb-core-cut rb-core-cut
z=11.0

T
Generate input for
2DFIBER Module
for Bending BBC

‘ {4 Section based QT i Mesh for RC
|| on shell FEM | ER Section calcs

in 2DFIBER

Mesh_Data file

%:,Y

Compute BBC using JEAC 4601 App.3.7 equations for Shear BBC

Center of gravity:
xc =-0.566621E-15 yc=-0.301017E-15 Section As Ixx file
Area: —_—
A=200.640 Ash_x =106.667 Ash_y = 106.667
Moment of Inertia:

Ixx =25500.7  lyy =25500.7  Ixy = '0'96633851%021 Copyright of Ghiocel Predictive Technologies, Inc.. All
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021
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Computing BBCs for Arbitrary Shape Walls

short-rb-core-cut

Option 2: Computed BBC z=11.0

short-rb-core-cut
11

specialized routine N N N D I I D B

H punN

_—

Section based ﬁ I

\ onshellFEM /-
/

kf;

Mesh for RC
Section calcs

Option 1: Compute BBC using JEAC 4601 App.3.7 or ACI 318 equations

Center of gravity:

xc =-0.422540E-15 yc =-0.743339
Area:

A=672.640 Ash_x=303.333 Ash_y=303.333
Moment of Inertia:

Ixx =208118.  lyy =207618. 2021 Copyright of Ghiocel Predictive Technologies, Inc.. All
Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021
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Defining Reinforcement for BBC Calcs Using BBC_2DFiber Module

On each type of subsection different types of automatic reinforcement can be used. For spans one single type of function is used:
For intersections there are 3 types of functions that can be used: * arm_distrib_re/arm_distrib - for rectangular spans that are rotated (arm_distrib_re.m) or
*arm_loc_re/arm_loc - for rectangular subsections that are rotated (arm_loc_re.m) or not (arm_distrib.m)

not (arm_loc.m) - Rectangular |

|
\ L L | L
S ————————% S
' : T T .
B ° '7an' / R R T T T -MH]
: ' sdf] sd
] ° ‘ = =|
nt?yl Default | nrb_a=1 | nrb_a=0 |

Iy

® & & 0 0 s

L L L L L L

use only a middle row use real number of rows

of the gravity of the intersection patch For arcs one single type of function is used:

" arm_distrib_arc - distrubtes reinforcement automatically on arc spans - it can use one
middle row or maximum 2 rows.

" arm_loc_conc - a single rebar in the cen
- Concentrated

Typical RC Section modeling
based on JEAC 4601 Practice

.¢¢¢OOOOOOOOOOOOOOOOOOCOOOO

L e
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If D=0, New Lines Shall be Added for Non-Planar Wall Section Shapes

Line 9: FPRE — The submodel.pre file name

Line 10: MESH — The 2D section mesh parameter used for the 2D Fiber Model calculations
Line 11: SECTYPE NDIRECT

SECTYPE=1t0o5

= 1 for L shape section

= 2 for T shape section

SMR surf interiorl.pre = 3 for | shape section
0. 5 = 4 for Circular section (see Figure 1.24) — nonplanar wall
? L = 5 for Rombic/Rotated Square section (see Figure 1.24) — nonplanar wall

NDIRECT =1or2

= 1 Along input direction. User should always select this option.

= 2 Perpendicular to input. User should not select this option.

Line 12 CONCMODEL CONCTENSION

CONCMODEL =1 or 2

= 1 Mander concrete model (unconfined concrete)

= 2 EC2 concrete model (EC = Euro Code)

CONCTENSION =1 or 2

= 1 Concrete tension strength is not zero. It is taken equal with 0.38 (f¢)*0.5 in N/mm2.

= 2 Concrete tension strength is zero (most used in practice)
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BBC_JEAC_ACI_Fiber2D Module Run and Files (Step 7)

Step 7 BBC_JEAC_ACI_Fiber2D Run (B)
| BBC Shear.pre & BBC Bending.pre files

Step 7:

Batch BBC_JEAC _4601_2015 Module V4.3.1 or BBC_JEAC_ACI_Fiber2D Module V4.3.2 run - for Directional Walls:
This module computes the shear and bending BBC for each Wall submodel based on JEAC 4601-2015 App.3.7 approaches.
The ultimate state shear stress is computed for both exterior walls (App.3.7 equations) and internal walls (Ref.App.3.7-14).

Output files for each RC Wall Submodel:

The computed shear BBC are saved in namely the module .out file and BBC_ShearForce.pre. The units in the output file are N
and mm for International units or Kip and ft for British units and it depends on how the 3DFEM model is defined in the .pre
input file. The output file contains the computed shear stress in N/mmz2, while in the BBC_Shear.pre file the shear force in
given kN or Kip. The computed bending BBC are saved in three files, the .out file and two BBC_Moment.pre files, one .pre file
for minimum moments and one .pre file for average moments. The minimum and average moments are computed based on
two cases: 1) Flange 1 is in compression and 2) Flange 1 is in tension. The moment units in the output file are kN-m, while in
the BBC_Bending.pre files is given in kKN-m or Kip-ft. Analyst has to decide if uses minimum or average moments.

BBC_JEAC_ACI_Fiber2D Module V4.3.2 run - for Non-directional Walls (closed sections, circular, square, composite):
Computes the shear and bending BBC for each Wall submodel based on 2D Fiber model and shear area numerical integration
for non-planar walls (without flanges). The 2D Fiber Model is launched when Dw=0, i.e. the flange and web identification fails.



Computed Shear BBCs for TB Transverse Walls in X-Dir

150000

Shear BBCs in X-Dir for JEAC4601 and ACI-318

140000

120000

100000

anEE
ilitniilr-iiilitit-ill
TR

T EE R

—+—Panel 11-JEAC JEAC ultimate shear forces
_ "_:3”‘*: i:;; include significant flange
- e Pane -
40000 ol I effgcts, larger than ACI-318
% —8— Pinel 15-JEAC ultimate shear strengths.
20000 = 4= Panel|11-15-AC|-318 BBCGEN
= « %« Panel 11-15-AC|318 BBC_Generation
O
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040
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Modelname_Walkt.txt File With Section Data Based on JEAC 4601 (Step 7)

Ll B3k

) Geometric Input Data: Section Geometries and Material Properties
5 2 Coordinate of Wall Bottom: -8.026
Web North Flangs South Flangs

T Sectionf Z-Location Ic Te Drw Tw Evw L1 T1 EvEl L2 T2 BEvEZ
: (m4) (m4) (oo ) (mmm) (%) (oo ) (mmm) (%) {mom) (mom) (%)
: 1 -3.3650 31495, 2444, 24075, 1524, 1.24¢ S0&7. 1524, 1.155 S0&7. 1524, 1.558
1 2 4.7488 4015. 4400, 24075, 1524, 1.24¢ T305. 1524, 1.155 T305. 1524, 1.558
11 3 11.5240 4318. 4728. 24075, 1524, 1.24¢ g078. 1524, 1.155 go078E. 1524, 1.5598
12 4 19.35910 4502. 4531. 24075, 1524, 1.24¢ 8553. 1524, 1.155 8553. 1524, 1.558
13 3 27.45960 4c10. S050. 24075, 1524, 1.24¢ ge3z. 1524, 1.155 ge3z. 1524, 1.558

2=

en

16 Material Properties:

18 Sectionf as Fc Ec Gc epsc_y epsc_u Fs Es Gs Epss_y Epss_u sigm v BV Fh
119 (mZ) (N/mm2)  (N/mm2) (M/mm2 ) (%) (%) (W/mm2) (N/mm2) (N/mm2) (%) (%) (N/mm2) (%) (%)
2 1 32.05 33.00 24855. 10356. 0.200 0.400 379.50 205000. §5417. 0.185 5.000 1.821  1.246  0.953
21 2 32.05 33.00 24855. 10356. 0.200 0.400 379.50  205000. 85417. 0.185 5.000 1.635 1.246  0.953
22 3 32.05 33.00 24855. 10356. 0.200 0.400 379.50 205000. §5417. 0.185 5.000 1.184 1.246  0.953
23 4 32.05 33.00 24855. 10356. 0.200 0.400 379.50 205000. §5417. 0.185 5.000 0.574 1.246  0.953
24 5 32.05 33.00 24855. 10356. 0.200 0.400 379.50 205000. §5417. 0.185 5.000 0.021 1.246  0.953
2 ]

27 Shear Force Cutputs: Shear BBC Informatlon

25 Sectiont M/ oD Tacl Gammal Tac2 Gamma 2 Tac3 (EX.) Tacl (IN.) Gamma 3

e{) (M/mm2 ) (N /mm2) (N /mm2) (M/mm2) : i :

31 1 0.910 2.5325 0.2445E-03 3.4189% 0.7336E-03 5.9927 4.0886 0.4000E-02 Sectlon data are prOVIded Only In

32 2 0.481 2.4665 0.2382E-03 3.3298 0.7145E-03 £.4529 4.1516 0.4000E-02 International SyStem (N and mm)

33 3 0.322 2.2978 0.2215E-03 3.1020 0.6656E-03 6.5434 4.1287 0.4000E-02 _

34 4 0.208  2.0479 0.1977E-03 2.7647 0.5932E-03 €.5666  4.0803 0.4000E-02 per JEAC 4601 App 3.7 equations

35 5 0.191 1.7914 0.1730E-03 2.4184 0.51895E-03 6.4796 4.0320 0.4000E-02
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2=

=9
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Modelname_WalHt.txt File With Section Data Based on JEAC 4601 (Step 7)

oM

[ I T R ]

S T L RS -

wom

Lnon W W LD B

Valus
0.2B73E+07
0.2628E+07
0.3424E+07
0.3060E+07
0.3365E+07
0.2559E+07
0.3100E+07
0.2671E+07
0.2811E+07
0.2360E+07

Sectiont

Bending Moment OCutputs:

Bending BBC Information

Lioad Cx e Mc (EN*M)
Direction {nm) (m3) Value Lverage
1 12040. 286. 0.1145E+07
2 12040, 286. 0.1145E+07 0.1143E+07
1 12040, 3E65. 0.1353E+07
2 12040, 3E65. 0.135%3E+07 0.1353E+07
1 12035, 353. 0.1322E+07
2 12035, 353. 0.1322E+07 0.1322E+07
1 12040, 410. 0.1125E+07
2 12040. 410. 0.112%E+07 0.1129E+07
1 12040. 415. 0.9245E+06
2 12040. 415. 0.59245E+06 0.5245E+06
M2 Calculation
Mc  (EN*M) Phi {(1/m)
Lverage Minimum Value Lverage
0.1115%E-03
0.2751E+07 0.2628E+07 0.1102E-03 ©O.1110E-03
0.10B3E-03
0.3242E+07 0.3060E+07 0.1064E-03 O.1073E-03
0.1052E-03
0.3162E+07 0.29535E+07 0.1033E-03 0.1042E-03
0.1017E-03
0.2885E+07 0.2671E+07 0.59971E-04 O.1007E-03
0.5840E-04
0.25B6E+07 0.2360E+07 0.9665E-04 0.9752E-04

Ml Calculation)

Minimum

0.1145E+07

0.1395E+07

0. 1322E+07

0.1129E+07

0.9245E+06

Minimum

0.1102E-03

0.1064E-03

0.1033E-03

0.9971E-04

0.96E65E-04

Phi (1/m)
Valus Lverage
0.1464E-04
0.1464E-04 0.1464E-04
0.1397E-04
0.13%7E-04 0.13%7E-04
0.1232E-04
0.1232E-04 0.1232E-04
0.1009E-04
0.100%E-04 0.1005E-04
0.8068E-05
0.8068E-05 0.8068E-05
Mc (EN*M)
Values Lverage
0.3751E+07
0.3534E+07 0.3662E+07
0.4331E+07
0.3943E+07 0.4137E+07
0.4239E+07
0.380%E+07 0.4024E+07
0.3533E+07
0.3475E+07 0.3706E+07
0.3601E+07
0.31353E+07 0.3368E+07
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Minimum

0.14c4E-04

0.13%7E-04

0.1232E-04

0.100SE-04

0.8068E-05

M2 Calculation

Minimum

0.3534E+07

0.3943E+07

0.3805E+07

0.3475SE+07

0.3135E+07

Fhi
Value

0.2006E-02
0.2204E-02
0.2166E-02
0.2127E-02
0.2104E-02
0.2065E-02
0.2035E-02
0.195%4E-02
0.1%6BE-02
0.1%33E-02

{1/m)

Average
0.2105E-0D2
0.2147E-02
0.2085E-02
0.2014E-02

0.1%50E-02

139

Minimum

0.2006E-02

0.2127E-02

0.2063E-02

0.1954E-02

0.1%933E-02



Automatic Writing of BBC_Shear.pre and BBC_Bending.pre Files (Step 7)

| BBC-SHEARFORCE.PRE - Notepad

File Edit Format View Help

BBCI,1,2,1

BBCP,1,1,0.
BBCP,1,2,0.
BBCP,1,3,0.
BBCP,1,3,0.
BBCI,2,2,1

BBCP,2,1,0.
BBCP,2,2,0.
BBCP,2,3,0.
BBCP,2,3,0.
BBCI,3,2,1

BBCP,3,1,0.
BBCP,3,2,0.
BBCP,3,3,0.
BBCP,3,3,0.
BBCT,4,2,1

BBCP,4,1,0.
BBCP,4,2,0.
BBCP,4,3,0.
BBCP,4,3,0.
BBCI,5,2,1

BBCP,5,1,0.
BBCP,5,2,0.
BBCP,5,3,0.
BBCP,5,3,0.

2445468127E-83,
7336404382E-63,
1008080000E-02,
1002000000E-02,

2381721858E-63,
7145165574E-83,
1008000000E-02,
400200000BE-02,

2218756743E-083,
6656270229E-63,
1002000000E-02,
400208V RBE-B2,

1977483116E-63,
5932449349E-03,
400200000BE-02,
40020800 BE-02,

1729812733E-63,
5189438198E-03,
400000 VRBE-B2,
490020000 0RE-02,

2@891.
28204,
49435,
39837,

28347,
27468,
53232,
45751,

18955,
25589,
53978,
47387,

16893,
22806.
54178,
47857,

14778,
19958,
53452,
47931,

[ L R R v s Wy I V= R WA ooy 00w B0 ® D0

0 v ®

EXTERIOR
INTERIOR

EXTERIOR
INTERIOR

EXTERIOR
INTERIOR

EXTERIOR
INTERIOR

EXTERIOR
INTERIOR

| BBC-MOMENTS_AVERAGE.PRE - Notepad

File Edit Format View Help

BBCI,1,2,1

BBCP,1,1,0.
BBCP,1,2,0.
BBCP,1,3,0.
BBCI,2,2,1

BBCP,2,1,0.
BBCP,2,2,0.
BBCP,2,3,0.
BBCI,3,2,1

BBCP,3,1,0.
BBCP,3,2,0.
BBCP,3,3,0.
BBCI,4,2,1

BBCP,4,1,0.
BBCP,4,2,0.
BBCP,4,3,0.
BBCI,5,2,1

BBCP,5,1,0.
BBCP,5,2,0.
BBCP,5,3,0.

A878525389E-05, 844795,
3700716640E-04,0.202882E+07
7816591179E-03,0.270126E+07

4656650222E-05,0.102923E+07
3577507108E-04,0.239139E+07
7155014217E-03,0.305134E+07

4107817591E-85, 975215,
3A74673352E-04,0.233222E+67
6949346703E-03,0.296764E+07

3363718149E-05, 832847.
3357192573E-04,0.212802E+67
6714385147E-03,0.273360E+07

2689307422E-85, 681891.
3258784534E-04,0.19a724E+67
6501569868E-03,0.248413E+07
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| BBC-MOMENTS_MIN.PRE - Notepad

File Edit Format View Help

BBCI,1,2,1

BBCP,1,1,0.
BBCP,1,2,0.
BBCP,1,3,0.
BBCI,2,2,1

BBCP,2,1,0.
BBCP,2,2,0.
BBCP,2,3,0.
BBCI,3,2,1

BBCP,3,1,0.
BBCP,3,2,0.
BBCP,3,3,0.
BBCI,4,2,1

BBCP,4,1,0.
BBCP,4,2,0.
BBCP,4,3,0.
BBCI,5,2,1

BBCP,5,1,0.
BBCP,5,2,0.
BBCP,5,3,0.

A878525389E-05, 844795,
3673040986E-084,0.193867E+07
6687100387E-03,0.260626E+07

A4656650222E-085,0.102923E+67
3545543831E-84,0.225709E+67
7091087662E-03,0.290794E+07

4107617591E-05, 975215.
3A42178737E-84,0.218275E+67
6884341474E-63,0.280903E+07

3363718149E-a@5, 832847.
3323524759E-84,0.196979E+67
6647049519E-63,0.256634E+07

2689307422E-65, 681891.

3221712360E-84,0.174086E+67
6443424719E-63,0.231233E+07
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Create_Flange_Materials Module Run (Step 8) for Next Iteration

Step 8 Create_Flange_Materials Run (B)
| AB_ShearWall New.pre file

Step 8:
Create_Flange_Material Module is run to create a new FE model including additional effective flange width materials.
Creates a new structure FEA model, Modelname_New.pre

ACI 318-19 Sections 18 and 6 JEAC 4601-2015/AlJ RC

Option 1 Option 2

141
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Flange Materials in Wall Panels Generated by Create_Flange-Materials Module

| | PANEL_EQL_MATL_PROP_SB - Motepad
F

File Edit Format View Help
4 1 23248978, @.858459
2 22232838. 8.858459
3 23248978, 8.858459
5 1 24480008 . a.850000
2 24480000 . 8.85e000
3 2448606068 . g.850000
6 1 11438251. 8.893000
2 16729636. 8.865800
3 13712597. 8.0893000
7 <& 7161182 B . 834868
2 8823446, g.834000
3 0B27328. 8.08840800
8 1 9851974, 8.098228
2 20082859, 8.0604000
3 12380482, 8.0898228
9 1 2448606068 . g.850000
2 244800808 . 8.850000
3 24480008 . g.850000
18 1 24480008 . a.850000 a1 - Panel 15
2 24480000 . 8.85e000
3 2448606068 . g.850000 G7 - Panel 14
11 1 11588397, 8.891608
2 17794868. 8.865800 G24 — Panel 13
3 14582395, 8.0891008
12 «—3& 9148497 B AR2IAS G32 - Panel 12
2 8837852. @.875514
3 11662873. 8.882285 G37 - Panel 11
13 1 12778189. g.850000 3 e
2021 Cop /r'ighiT of Ghiocel Predictive Technologies, lnc..-All
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Integrate Final Model and Perform Nonlinear Analysis (Steps 9,10)

Ul i1s Used to AFWRITE New Inputs
Step 9 Generate New .Hou and .Eql Inpute-'iles (Ul)

Step 9:
User integrates the Modelname_New.pre file with BBC .pre files to create a complete input for NONLINEAR module.
This can be done automatically by using a Ul script as shown in Demos 18 and 19.

Option NON Nonlinear SSI Analysis (Batch Run)

Step 10 Shear and bending effects are combined at each
tep SS/ iteration using COMB_Shear_Bend Module
(B) File8 files for converged SSI solution

Step 11 Final SSI Post-Processing (B) (Ul)
| J

Step 10:
Option NON Nonlinear SSI Analysis Batch Run
The shear and bending deformation can be combined using the COMB_Shear_Bend module as described in Demos 18 and 19.

Step 11:

Post-Processing:

The main results of the nonlinear SSI analysis are the FILE8 and FILE4 (.n4) files for the converged solution that can be post-processed
exactly like for a linear analysis to compute structural node displacements and accelerations, and element stresses.

2021 Copyright of Ghiocel Predictive Technologies, Inc.. All Rights Reserved. ACS SASSI Workshop Notes, Tokyo, Dec 2021



2.6 Nonlinear SSI Analysis Case Studies:

A. AB Shearwall Structure Model (AB)
B. Tower Building Structure Model (TB)

Seismic inputs based on RG1.60 spectra with 0.70g and 0.50g ZPGA



A. AB Shearwall Structure 3DFEM Nonlinear SSI Analysis

)

)

\

\)

\

\

|

f:,

AR

W)
NN

)

il

)

il
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AB Shearwall 9 Wall Submodels for Nonlinear SSI Analysis

Ga1 - Panel 15
G7 - Panel 14

[

1 L'/ .
Wall Submodel 1 T Wall Submodel 2 Wall Submodel 3

Ga2- panel 20
a8 - Panel 16

G15 - Panel 23

G30 - Panel 22

Wall Submodel 4 - L Wall Submodel 5 | Wall Submodel 6

[

Wall Submodel 7 Wall Submodel 8

Wall Submodel 9
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Shear BBCs for Wall 1, 2 and 5 Based on JEAC 4601-2015

Shear BBC for Wall 1 Per ACI 318 and JEAC 4601 Shear BBC for Wall 2 Per ACI 318 and JEAC 4601
70000
70000
50000
60000 Y
>
50000 / 50000
-
i -,...--'-""'---
20000 By L Lot 40000 o o—eRem= =T e—panel6JEAC |
~ .-..--"""'------- _....---.,_...—-—"""" e Paniel 7-JEAC
s === —t— Panel 1-JEAC e T —— Panel 8-JEAC
. 3 = =l Panel 2-]JEAC 30000 # 2 > = Panel 9-JEAC
_K_E:::: ijgig e Panel 10-JEAC
=== Panel 6-ACI
20000 | —4~— Panel 5-JEAC | 20000 - == Pane —
=== Panel 7-ACI
=== Panel 1-ACl
- ! = — = Panel8-ACI
'] === Panel 2-ACl |
10000 === Panel 3-ACl 10000 == Panel9-ACI
== Panel 4-AC| — &= Panel 10-ACI
== Panel 5-AC
0 ! | o ]
0.00E4+00 1.00E-03 2 .00E-03 3.00E-03 4 00E-03 S.D0E-03 &.00E-D3 7.00E-03 8.00E-03 0.00E+00 1.00E-03 2.00E-03 3.00E-03 4 00E-03 5.00E-03 6.00E-03 7.00E-03 8.00E-03

Shear BBC for Wall 5 Per ACI 318 and JEAC 4601

Wall 1 Wall 2

7.00E+04

6.00E+04

5.00E+04

4 00E+04 / / e

G15 - Panel 23

m——— i
-
(R

- —#—Panel 21-JEAC

3.00E+04 }'g —_—
=== Panel 22-JEAC
=—ir— Panel 23-JEAC
]
¥
[
¥

G30 - Panel 22

=== Panel 21-ACI
=== Panel 22-ACI
+ === Panel 23-ACI

2.00E+04

1.00E+04

0.00E+00
0.00E+00 1.00E-03 2.00E-03 3.00E-03 4 .00E-03 5.00E-03 6.00E-03 7.00E-03 8.00E-03
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Bending BBCs for Wall 1, 2 and 5 JEAC 4601-2015

Bending BBC for Wall 1 Per ACI 318 and JEAC4601

5.00E+06

-
[ —
4 50E+06 ___________...___...-——— —
___._.-——'-'-'-‘
..-—-'-"'-'—--___._.-——-'--
__---'--
4.D0E+06 e
-__-.---'--
3.50E+06 e
IR L I T
3.00E+06 == == — ——— Tt
[] ______-.--"_-.::.:--—‘""" e m———T—
2. S0E+06 'r,-- = mm===""
] —m——————TT =—t—Panel 6-JEAC
] -
- L - —t— -
2 .00E+06 - m——— e ——— Panel 7-1EAC
ifs —m—— - =—r— Panel 8-JEAC
Ji === - ——Panel 9-JEAC
1.50E+06 fr ===~ —ste— Panel 10-JEAC
/] === Panel 6-ACl
1.00E+06 === Panel 7-ACI
Lf — == Panel 8-ACI
5.00E+05 -« = Panel 9-ACI
0.00E+00 } }
0.00E+00 1.00E-04 2 DOE-04 3 00E-04 4 DOE-04 5.00E-04 .00E-04

Bending BBC for Wall 2 Per ACI 318 and JEAC4601

7.00E-04

Bending BBC for Wall 5 Per ACI 318 and JEAC 4601

—t—Panel 21-JEAC
—f— Panel 22-JEAC

+#— Panel 23-JEAC
== Panel 21-ACI
=== Panel 22-ACI
=== Panel 23-ACI

5.00E+06
4 50E+06
I
| "] -
4 DDE+06 o ——— ey S
’ + e R
| e e - ———
*___.__——-" _______________::—:: _____
3 50E+06 — — e —
- __._.—-—-—'-'_-— R
- | "] -
—_
3.00E+06 —— i T P B
I PP —— -
2 spe+o06 | I@—-—--—0 L - _— .
4 e —m—— —t— Panel 1-JEAC
4 S Ll i —=— Panel 2-JEAC
2.D0E+06 e e I ——— —#— Panel 3-JEAC |
l' ————————— e Panel 4-JEAC
1.50E+06 N — - = =i Panel S-JEAC |
P g—-——-—"" - == Panel 1-ACl
1.00E+06 T35~ — == Panel 2-ACQ1 -
"J" = —= Panel 3-AC
s ooE+0s 10 == Panel 4-ACl |
== Panel 5-AC1
0.00E+00 |
0.00E+0D 1.00E-04 2 O0E-04 3.00E-D4 4.00E-04 5.00E-D4 6.00E-04 7 .00E-D4
6.00E+06
5.00E+06
4 DOE+06
3.00E+06
2.00E+06 -
1.00E+06
0.00E+00
0.00E+00 1.00E-04 2 .00E-04 3.00E-04

4 DOE-04

5.00E-04

6.00E-04

7 .00E-04
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Selected Structural Nodes for SSI Response Outputs

Node 1028

Node 205

Center Nodes

== Node 271

Y (Transverse)
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lterated Stiffness and Damping for ACI 318 CM Models for 0.70g

w Shear Only \ W Shear Only
E Modulus - Cheng-Mertz " 0., Damping - Cheng-Mertz A BendngOnly
6.00E+05 B Combined 0.25 B Combined
5.00E+05
Ul -
4 00E+05
0.15
3.00E+05 A
01 -

2.00E+05 A

005 -

1.00E+05 A

0.00E+00 -

1234567 8910111215141516171819202122232412526127 1234567 891011121314151617181920212223242526127
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Roof Structure Displacements for Cheng-Mertz w/ and w/o D<10%

X-Dir Y-Dir

Displacement at Roof Level (Node 1028) - X Dir Displacement at Roof Level (Node 1028) - Y Dir
6.00E-02 2.50e-01
—FLASTIC . O v 0T
0002 ——rCM with D|< 10% | I \ =T
—CM 150E-01

2.00e-02

T UWW n - _ |

| II M | o
¥ i 0 0.00E+00 -
] 20
-2.00E-02
-5.00E-02 | ! '
'4.ME'4]2 -I.UDE-‘JI l l l ‘ I
-1.50E-01
-6.00E-02 I
-2.00E-01
-B.00E-02 -2 50E-D1
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ISRS for Cheng-Mertz With and Wlthout Damping Cut-Off D < 10%

ISRS at Roof Level (Node 1028) - X Dir ISRS at Roof Level (Node 1028) - Y Dir
14
Cheng-Mertz
12 Elastic
=—Elastic 20 A Iters (Shear) —
iters (Shear) Iters (Bending)

- e [ters (Combined)

lkers (Bending)
= e terg (Combined)

=
[=]
=

Auueleratl:ﬂn (e)
;E

Auceleratmr&[g]
_

N 5 ‘\Q E..\-L

]
ﬁ-f"

_——ﬂf‘ -

o o
0.1 1 Frequency (Hz) 10 100 ot Frequency (Hz) o 100
CM Models with D < 10% - ISRS at Roof (N1028) - X Dir CM Models with D < 10% - ISRS at Roof (N1028) - Y Dir
14 25
|
0

= Cheng-Mertz D<10%

W Elastic
— Iterg (Shear) s E @St iC
o iters (Bending) E 15 ters (Shear) 1
c 81— p= i
o === = lter6 (Combined) o iter (Bending)
n " = = = lterG (Combined)
=
L] o
w B ]
S E 10
< s

-
“ ¥
\.—"\ 5

_’_-—-—f
° rdict W
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Base Wall Panels 6 and 7 Bending and Shear Hysteretic Loops for
CM w/ No Damping-Cut and CM w/ D<10%

—.qu"'u—

CMS Model - Pa nglﬂ? ghear Hysteretic Loops CMB Model - Panel 6 Bending Hysteretic Loops

/]
/

3

2

§\
N

/ /
360,000-00 //
000, // /
A ' //
' V)% / |
-2.00E-05 -1.50E-05 -1.0QE-05 -5 0QE-06 1.00E-05 1.50E-05 2.00E-05
75 7
/ —— CM with D </10%
v ——CM
/ 4
Z ~1,200,000.00—
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ISRS for Cheng-Mertz D < 10% and JEAC 4601 PO Models for 0.70g

JEAC 4601 Models - ISRS at Roof Level (N1028) - X Dir JEAC 4601 Models - ISRS at Roof Level (N1028) - Y Dir

/ JEAC 4601 PO

Elastic
JEAC PO Shear
JEAC PODT Bending

8 \\\ = = = Shear and Bending

1z

10
1
i

—F |astic

JAEC PO Shear
IEAC PODT Bending | | |
== == == Shear and Bending

is

10

Acceleration (g)
i)
Acceleration (g)

: PP

]
10 100
1

Frequency (Hz) Frequency (Hz) 1o 100

CM Models with D < 10% - ISRS at Roof (N1028) - X Dir CM Models with D < 10% - ISRS at Roof (N1028) - Y Dir

14 ‘

) Cheng-Mertz D<10%

04— Elastic
kers (Shear)
kers (Bending)
- e lters (Combined)

25

Elastic
Iters (Shear) L
ters (Bending)

- = terg (Combined)

=
n

8 +——

Acceleration (g)
=3
5]
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“\
I\
S

“ ﬁ

-
¥ 5
‘.—""\

_,’qf#‘
o Iy
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Base Wall Panels 6 and 7 Bending and Shear Hysteretic Loops for
JEAC PO and Cheng-Mertz w/ D<10%

Panel 7 Shear Loops for JEAC BBC for PO Shear vs. CMS with D < 10% Panel 6 Bending Loops for JEACBBC with PODTvs. CMB with D < 10%

el e alialnl
Ry 7
-
#

2
:
3

150E-03 200E03 250E-03 -2.00E-05 -1.50€-05 -1.00E-05 -5 .00E-06 1.00€-05 1.50E-05 2.00e-05

+=——|EAC PD Shear = |EAC PODT
=—CI5with D < 10% = CMB with D< 10%

-2.508-03 -2.00

B-03 -1.50
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Panel 4 — group 20

Panel 3 — group 15

Panel 2 — group 10

Panel 10 — group 23

Panel 9 — group 18

Panel 8 — group 13

Panel 7 — group 8

Panel 15 — group

Panel 14 — group

Panel 13 — group

Panel 12 — group

Panel 11 — group

TB Model Study for RG1.60 with 0.50g and 0.70g Inputs

Panel 20 — group 24

Panel 19 — group 19

Panel 18 — group 14

Panel 17 — group 9
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Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit
for 0.70g RG1.60 Input

Using JEAC PO Models and CM Models with No Damping Limit (directly FEA nonlinear results)

. M JEAC 4601 & All RC (PO) E UiUEIlEI‘It Dam il‘l W JEAC 4601 & Al RC (PO)
E(ILIWEIlEI"It E Modulus M ASCE 4 & ACI-318 (CM) q ping W ASCE4 & AL RC(PO]

ASCE 4 Damping RL3 = 10%

7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 13 20
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Iterated ATF for JEAC PO Models and CM Models w/ No Damping Limit

Equivalent ATF for X Dir

18
TUF

r

Equivalent ATF for Y Di
| if
s B |3t i
e EAC 4601 & AIRC(PO] — 14 :

13
IL

!
e E lastic

e |EAC 4601 & AlIRC PO)
=== ASCE4 & ACI-318 (CM)

13
I

Amplitude

Aamplitude
(=

o

LY
A"
-
[
-~
-
n
,
==]
r
]

01

Frequency (Hz)

01 1
100 Frequency (Hz)

10

100
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lterated ISRS for JEAC PO Models and CM Models w/ No Damping Limit)

ISRS in X Dir Using CM and PO Hysteretic Models ISRS in Y Dir Using CM and PO Hysteretic Models

25

Fodt
=

s |EAC 4601 & AlJRC(FO)
=== ASCE4 &AL RC(CM)

==
[w-s]

T — |EAC 4601 & Al RC(PO)
=== ASCE4 & Al RC(CM)

20 ﬂ 16
14
C s W \
<0
§ ; N
s 10 m |
i \ i
g q

==
[
-
‘!.\-.__
)
F
-
. o co

3 i
% Z
---------------- J
0 - 0 -

01 1 Frequency(Hz) 10 100 01 1 Frequency (Hz) 10 100
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lterated ATF for JEAC PO Models and CM Models w/ 10% Damping Limit
for 0.70g RG1.60 Input

Using JEAC PO and CM Models with Damping < 10% per ASCE 4 Section 3 Recommendation
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lterated ATF for JEAC PO Models and CM Models with D<10%

Equivalent ATF for X Dir
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Iterated ISRS for JEAC PO Models and CM Models with D<10%
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Shear Hysteretic Response for JEAC PO and CM with D<10%

Panel 11 Shear Histeretic Responsein X Dir Panel 1 Shear Hysteretic Responsein Y Dir
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Nonlinear TB Roof Displacements for X and Y Dir for
JEAC 4601 PO Models and ASCE 4 CM with D<10%
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TB Stick Result Comparisons with OpenSees 2D SFI-MVLEM and 3D
FIBER Specialized RC Software (Rigid Floors) for RG1.60 w/ 0.70g

n Rigid Shell Floor
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Nonlinear ISRS and Displacements at Top Structure for 0.70g

ISRS at Roof Corner in X (Trasnverse) Direction for 0.7g
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2.7 Concluding Remarks
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Concluding Remarks

A. Remarks on Nonlinear SSI Analysis Procedure Based on Best Practices

Very importantly, the developed nonlinear SSI analysis tool (ACS SASSI Option NON) maintains
the safety margins as accepted by the current standards and requlations, at the same time

providing a large reduction of the nonlinear SSI analysis costs in comparison with the existing,
more sophisticated nonlinear FEA codes in the time domain.

We believe that such a practical engineering analysis tool is highly needed for nuclear industry.



1.

B. Remarks on Nonlinear Results Based on US and Japan Design Practices

The comparative study results show that if the Japanese and US standard recommendations for
hysteretic damping limitation are respected, then, the computed nonlinear ISRS amplitudes are close.

The JEAC PO hysteretic models have much lower hysteretic damping (PO shear model has no
damping and PODT bending has between 0 and 15%) which amplifies seismic responses and
produces a shift of the structural dominant frequencies to lower frequencies. As a result of the lower
damping, the structural displacements are significantly larger for the JEAC PO models.

Using directly the nonlinear FEA code results (similar with using the CM models with no damping limit)
could produce much lower nonlinear SSI responses than those computed by respecting the Japanese
or US standard recommendations, especially due to the lack of hysteretic damping limitation.

WARNING: Using directly the nonlinear FEA code results without checking the compliance with
requlatory requirements could significantly lower the nonlinear responses. By this may produce much
lower seismic safety margins that those corresponding to the existing design regulation requirements.
Nuclear industry analysts should understand and pay attention to these serious methodology risks.
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