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New ACS SASSI V4.2 SSI Capabilities

1. Fast and Accurate SSI Analysis Using Flexible Volume Reduced-Order
Modeling. Applicable to Deeply Embedded Structures and SMRs
(Slide 3-10). Main Software

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

(Slide 11-33). Option NON.

3. Foundation Uplift SSI Analysis Using Hybrid Complex Frequency-Time
Domain Approach with Reduced-Order Modeling of Foundation-Soil Interface

(Slide 34-41). Option UPLIFT,

4. Nonlinear Force PSD-Shape Based lterative Equivalent-Linearization
(Slide 42-45). Option NON.



1. Fast and Accurate SSI Analysis Using Flexible
Volume Reduced-Order Modeling. (Main Software)

Note: Highly Efficient for Deeply Embedded Structures and SMRs.
It reduces the overall SSI analysis runtime for deeply
embedded or large-size SMRs by 5-10 times!



Fast and Accurate SSI Analysis Using FV Reduced-Order Modeling

- Wi The excavated soil dynamic

i3 matrix is a frequency-
1 ) dependent large-size full
“ + complex matrix.

Structure Excavated Soil Due to its lack of sparseness,
— FreeField Problem — the inclusion of this matrix in
g Standard SSI System FV Substructuring the SSI solution affects
i largely the numerically
efficiency of the FV

substructuring as defined in

1

«— S 1 the original SASSI approach.
‘ 1 i Using a frequency-dependent
b - matrix condensation scheme,

- Condensed — . o ?() Conidatised the size of tt?ishlargT-sizg d
Free Field Problem Excavated Soil matrix can be hugely reduced,
g _ and by this large speedups of

= Reduced SSI System FV Substructuring el enliitioh gre oblained.
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Fast ACS SASSI Analysis Using Condensed Excavated Soil Matrix

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

— FreeField Problem —

p vectors are considered. The dense SSI frequencies for the SITE module which will be
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
u 1SSl solution is obtained for each frequency. This is accomplished by running ANALYS
x option “SSI with Condensation” (Model 8). The final SSI solution running time and the

éj Condensed o soil impedance file sizes are much smaller since the number of interaction nodes is
Excavated Soil e minimal. Speed ups of 5-15 times are expected for detailed deeply embedded models.

D
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Embedded RB ACS SASSI Analysis for Direct SSI vs. Reduced SSI

RB Complex SSI Model Information:
« Number of Nodes: About 80,000
» Number of Interaction Nodes: About 8,000

RC Uncracked « Embedment Depth: 45 ft

o e « Excavation includes 6 Embedment Layers

* Direct SSI Approach: Fast FV with 4 out of 7
interaction node layers

Seismic SSI Analysis Runtime:

ACS SASSI Direct Runtime: 733 units

ACS SASSI with Condensation Runtime: 176 units
Speed Up due to Condensation: 4.2

Larger speed ups up to 10 times or even more are expected for larger-size SSI models
with deep embedment and larger number of interaction nodes. i
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Embedded RB SSI Analysis: Direct SSI (FFV) vs. Reduced SSI

Top Corner of NI Top of Containment Shell
FV Model, Node = 73866 FV Model, Node = 76433
14 0 \ - ——
—— ACS Direct —— ACS Direct
% Key Frequency * Key Freguency
12 —— ACS Condensation

—— ACS Condensation
| 4

10 -

T A etV

! 10 10
10 10 Freq,Hz
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Deeply Embedded SMR Analysis; Direct SSI (FV) vs. Reduced SSI

Basemat Center Top of SMR Structure

FV Model, Node = 1795 FV Model, Node =215
: : ; 10 — : : : ;
—— ACS Direct — ACS Direct
ES
* Key Frequency % Key Frequency
—— ACS Condensation ¥ —— ACS Condensation
8 - '

/

| * +

10’ 10° 10

Freq,Hz Freq,Hz
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ACS SASSI Option AA-R for ANSYS Fast-Harmonic SSI Analysis
Using Reduced Excavated Soil Matrix as MATRIX50 Super-Element

ACS SASSI —  Excavation matrix :
W

| ! Excavated Soil Model WV ! condensation |

Excavated Soil Condensed _
— FreeField Problem —— Excavated Soil

% SSIProblem (Flexible Volume) Condensed matrix files

Create MATRIXSO sub L
files using ANSYS macros i Q
| +—
ANSYS SSI Model | 1
Including structure and g} x Create FILES for
condensed excavated soil as ACS SASSI
Super-Element (MATRIXS0). > YOO L spructure  PostProcessing
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ANSYS Fluid SSI Analysis (with FLUID30) Via ACS SASSI Option AA-R.
Condensed Excavation Soil Matrix is Passed to ANSYS for FSSI Analysis.

The ACS SASSI condensed excavated soil impedance matrix passed as a super-element (SE) to
ANSYS that is automatically integrated with ANSYS structure model.

¢

Build the structure model and Perform 5SI analysis by ACS SASSI
excavation volume model with the condensation functionin ACS SASSI
in ANSYS ANALYS to generate condensed soil excavation impedance
matrices and load ve::llj ors files condensation run
ANSYS or ACS SASSI to Y for all frequencies
prepare excavation Create the structure model and l
excavation model interface
FE model forACS SASSI node to node mapping file
condensation run Copy all the necessary files from
,l, ACS SASSI working folder to ANSYS
working folder
Output excavation volume

model as ANSYS .cdb file l

y

Run customerized ANSYS macro

Use excavation volume with the external program help: ANSY_S SSl harmonlc
model ANSYS .cdb file to 1. convert condensation to SE analysis run using
build ACS SASSIFV model

2. perform harmonic analysis

prepared macros

END



2. Fast Nonlinear SSI Analysis Via Hybrid Frequency-Time
Domain Approach Combined with Reduced-Order Modeling
for Nonlinear Concrete Structures (Option NON)

Note: Nonlinear SS| approach is developed in compliance with the recent
ASCE 4-16 and JEAC 4601-2015 standard recommendations. Validated
against actual project results, OpenSees software and wall test data.



ACS SASSI Nonlinear SSI Analysis Flowchart (Option NON)

Build SSI Model

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

AB_Model.pre
Input File

Step 1 (U)

Analyst uses
Ul Section-Cut
commands to split
3DFEM model into
wall submodels

Seismic
SSi

Gravity
SSI

ACS SASSI SSI Analysis

i STRESS Module Runs

STRESS Binary DB
for combined X, Y and

Z Seismic inputs

e Step 3 Step 4 (UI)
(B)  sTRESS Binary DB
for Gravity load

in Z direction

| -

AB_Model_
Walll.pre

AB_Model_
Wall5.pre

Step 2 (V)

Compute Shear and Bending BBCs
AB_Submodels_for_BBC.in file

\ Section_Cut_for BBC Module Run

Foaam it e g -

Automatic section-cut
and section geometry
identification

S|

' %3 2>
Step 5  Section_Data_for_BBC.out file (B)

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

‘ BBC_JEAC_4601_2015 Module Run
Step 7 Section_BBC Data.out file (B)

| BBC Shear.pre & BBC Bending.pre files
Step 8 (Ul) -

Option NON Nonlinear SSI Analysis (Batch Run)
Shear and bending effects are combined at each

Step 9 SSI iteration using COMB_Shear_Bend Module
 (B) File8 files for converged SSI solution

Step 10 Final SSI Post-Processing (B) (Ul)
| 12
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Steps 1-2: Prepare the 3DFEM with Separate Shell Groups for Walls

Build SSI Model Use ACS SASSI Ul Section-cut commands to split the
3DFEM model in Wall submodels (Shell Groups).

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_MOd?’-Pr € wall submodels
Input File o
Step 1 (Ul Wall5.pre
Step 2 (Ul

The 3DFEM and Wall submodel .pre file are used next to
perform automatic section-cuts, section geometry
identification for each wall submodel.

13
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Examples of Splitting 3DFEM Model in Wall Submodels

G
G7 Panel 14
G24 Pane': 13

G rnc iz ]

41 — Panel 15
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Steps 3: Perform SSI Analysis for Gravity and Seismic Loads

ACS SASSI SSI Analysis

@
Seismic o STRESS Module Runs
ssl ?
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 FILESs 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 Three Seismic STRESS binary BD:

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

Section_Cut_for_BBC Module Run and Files (Step 5)

Compute Shear and Bending BBCs
AB_Submodels_for_BBC.in file

Section_Cut for BBC Module Run

=

= Automatic section-cut
and section geometry
identification

T

iy
s

TR
Section_Data_for_BBC.out file (B)

Al

0

Step 5:

Batch Section_Cut _for BBC Module_runs:
This module performs automatic section-cuts and
identify the section geometries for all floor levels.

Output files:

The Section_Data_for_BBC.out output file produced
by the run includes section-cut forces and geometry
to be reviewed by the user in Step 6.

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 required input data for next
step



Analyst Review of Section_Data_for_BBC.out File (Step 6)

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)

n n Ll n [ ]
Automatic Section_Data_for_BBC.out Revised_Section_Data_for_BBC. in (Step 6)
€4 0.0000 -5?[364 0.0000 16.7¢64
9 336417E E “2.51453953*:5 64172 06
3¢ g 1.524 B 5240 §.079 4 674 5.0674 -3.3650 7.98 5240 9 1.5240 24.0 4 4 674
ﬁ
$ 46E 0.106216E408 0.0000E400 0.0000E400 0.0000002400 0.0000002+400 0.0000 E+00 @ 0.248546E+08 0.330000E+405 0.2000B-02 0.4000E-02 0.2 E+09 345000E+06 0.1850E-02
€4458E+05 3449E+ 931192 56449 34459E+ 193119E+06€
4.7488 .98 1.5240 9827  1.5240 24.079 1.5240 7.3088 .3088 4.74 1.5240 .9827  1.5240 2 4.075 1.5240 7.3088 .3088
ﬁi:iii: 0.0000 0.0000 0.0000 - 1.19 1.5580 1.24¢€0 95300
¥ 48546€E 0.106216E+08 0.0000E+00 0.0000 E+00 0.000000E+00 0.000000E+00 0.0000E+00 - 248546E+08  0.330000E+405 JOE~{ 4000E E+05 34 E+06 S0E-0



Revised Section_Data for BBC.in File Data Description

Input Parameters for Each Wall Submodel:

Line 1: NSECT which is total number of wall sections
Line 2: ZBOT, AL, AR where

ZBOT = The Z coordinate of the foundation mat top level.
AL = The wall left span clearance.

AR = The wall right span clearance.

Loop lines 3-8 for all sections (defined at mid-height of each floor):

Line 3: ID which is the order number of the wall section from wall bottom to the wall top

Line 4: N, M and Q (units are either K and ft or KN and m), which are the Gravity N-axial force
and the Seismic In-Plane M-moment and Q-shear force computed by automatic section-cut
Line 5: ZPTS, L1, T1, L2, T2, D, Tw, L1C, L2C (Geometry Section Data) where

ZPTS = Z coordinate of each wall panel bottom

L1 = Flange 1 length (top)

T1 = Flange 1 thickness (top)

L2 = Flange 2 length (bottom)

T2 = Flange 2 thickness (bottom)

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

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

L2C = Flange 2 effective width based on AlJ RC standard equations for beams
18
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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) These are parameters shall be input

Line 8: Ec, Fc, Epsc_y, Epsc_u, Es, Fs, Epss_y, Epss_u by analyst for each wall submodel
Ec = Concrete E modulus

Fc = Concrete Fc strength

Epsc_y = Concrete Yielding strain
Epsc_u = Concrete Ultimate strain
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
2

0.228232E+05 0.188437E+06 0.358970E+05 Section data are provided onIy in
11.924 14441 15240 14441 15240 24079 1.5240 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 24079 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

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.

G15 - Panel 23

G30 - Panel 22

20



BBC_JEAC_4601_2015 Module Run and Files (Step 7 and 8)

‘ BBC_JEAC_4601_2015 Module Run

Step 7 Section_BBC _Data.out file (B)

| BBC Shear.pre & BBC Bending.pre files

Step 8 (Ul) -

Step 7:

Batch BBC_JEAC_4601_2015 Module_run:

This module computes the shear and bending BBC for each Wall submodel based on JEAC 4601-2015 App.3.7 approaches. For the shear
BBC, 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 two text files, namely Modelname_BBC_.out and BBC_Shear.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 BBC_JEAC_4601_Data.out file and two BBC_Bending.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 KN-m or Kip-ft. Analyst has to decide if uses minimum or average moments.

Step 8:

User needs to integrate the computed BBC which are in the shear and bending BBC .pre files with the 3DFEM .pre file, or read directly the
BBC .pre files with the Ul, and then using AFWRITE to create the .eq| file that is the necessary input file for the NONLINEAR module.



Bending BBCs Computed for External and Internal Walls Using

BBC_JEAC_4601_2015 Module

3.00E+06

4 00E+0G
Average Average
4
___,....--"____"":'.x- - 3 50E+06 —
— )
2 50+06 _________.'____.--ﬂ"""___._--'"_'________..-——-ﬁ R —
_-_.—-'-'-._._.-"'___—_.——""'— ..___..--'" —'__'___'__,...-_
2.00E+06 =" e -
CRELAER
‘ Pan 3I 1 2.-‘ T
—B=Pane| 2 — |
1.50E+06
2 OBEHOE
fr=Pang| 3
=== Pane | 4
1 50E+G6
1.00E+06 - i Pane |
==p=flane| 6
100 sfl=Hanel 7
==PRanel 3
5.00E+05 i Pane | §
s :
| | | L—
0.00E+00 ] ] ] Eonn , , ,
G.G'. LTy 1 1 1
0.00E400 1.00E-04 2.00E-04 3.00E-04 4 00E-04 5.00E-04 0.00E-04 7.00E-04 8.00E-04 -5 DOE-05 5 00E-05 1 50F-04 7 S0E-04 3 50F-04 4.50F-04 5 5OE-04 6.50F-04 7 50F-04
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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

[0 S =Y

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
26 .

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 i 1

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 |ntemati0na| 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 6.5666  4.0803 0.4000E-02 per JEAC 4601 App 3.7

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

23
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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

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

Bending Moment OCutputs:

Bending BBC Information

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

24

Minimum

0.2006E-02

0.2127E-02

0.2063E-02

0.1954E-02

0.1%933E-02



Option NON SSI Analysis and Post-Processing (Steps 9 and 10)
‘ Option NON Nonlinear SSI Analysis (Batch Run)

Step 9 Shear and bending effects are combined at each
ep SSI iteration using COMB_Shear _Bend Module

L (B) File8 files for converged SSI solution

Step 10 Final SSI Post-Processing (B) (UI)
|

Step 9:

Option NON Nonlinear SSI Analysis Batch Run

The new Option NON includes new hysteretic models (2 JEAC 4601 models and 2 Hybrid models) applicable for both the shear and
bending wall in-plane deformation for 3DFEM (Shell models). The shear and bending deformation can be combined using the
COMB_Shear_Bend module as described in detail in Demo 17.

Step 10:

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.



New Hysteretic Models for RC Walls Included In Option NON

The previous Option NON included only four hysteretic models, out of which only three
models are usable for RC wall nonlinear modeling, such as Cheng-Mertz Shear (CMS,
Model 1) and Cheng-Mertz Bending (CMB, Model 2) and Takeda (TAK, Model 3).

Four New Hysteretic Models:

1) JEAC 4601 PO Shear (PO, Model 5) — see App 3.7 in JEAC 4601-2015. No hysteretic damping.

2) JEAC 4601 PODT Bending (PODT, Model 6) — see App 3.7 in JEAC 4601-2015. No hysteretic damping
before yielding and 15% hysteretic damping at failure.

3) Hybrid Shear (HYS, Model 7). Is combination of the JEAC 4601 PO Shear and CM Shear models.
Less damping than CMS (CMS, Model 1) model and more damping than JEAC 4601 PO Shear model.

4) Hybrid Bending (HYB, Model 8). |Is a combination of the JEAC 4601 PODT and CMB model.
Less damping than CMB (CMB, Model 2) and more damping than JEAC 4601 PODT Bending model.



Validation of Option NON Hysteretic Models vs. Wall Tests [Ref.1]
Hybrid Shear Model (Model 7)

WR-10 Test Data vs. Hybrid Shear WR-20 Test Data vs. Hybrid Shear

— WR-10Test Data

IR Hybrid Shear

—— = \WR-20 Test Data
==ssws Hybrid Shear
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Validation of Option NON Hysteretic Models vs. Wall Tests [Ref.1]
Cheng-Mertz Shear Model (Model 1)

WR-10 Test Data vs. Cheng-Mertz Shear WR-20 Test Data vs. Cheng-Mertz Shear
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Nonlinear ISRS for CM Hysteretic Model: 1) Shear Governing,
2) Bending Governing and 3) Combined Shear and Bending

Elasticand NonlinearISRS at Mid-Height for 0.70g Elastic and Nonlinear ISRS at Top of Structure for 0.70g

\

) \
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s F |35t iC
m— Chear Governing 14 = Eastic 4]
A Bending Gaverning - s She ar Governing
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T
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Comparisons of JEAC 4601 Max. PO and Cheng-Mertz Model
Hysteretic Responses for Both Shear and Bending Effects

Panel 11 Shear for CMS vs. JEAC PO Panel 11 Bending for CMB vs. JEAC PODT
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ISRS for CM with D<10% and JEAC 4601 PO Models for 0.50g

ISRS at Roof - X Dir for 0.50g Using CM Models with D<10%

ISRS at Roof - Y Dir for 0.50g Using CM Models with D<10%
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ISRS Using Option NON with CM vs. OpenSees Software (Ref.4,5)

Nonlinear ISRS at Top Option NON vs. OpenSees Software - Y-dir for 0.70g
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3. Foundation Uplift SSI Analysis Using Hybrid Complex
Frequency-Time Domain Approach with Reduced-Order
Modeling for Foundation-Soil Interface (Option UPLIFT)

Note: Nonlinear uplift SSI approach is developed in compliance with
the JEAC 4601-2015 standard recommendations which are applicable
to foundation uplift analysis up to 50% of loss-of-contact



Uplift SSI Approach Based on JEAC 4601-2015 (Option UPLIFT)

Step 3

Excavation FE Model ANALYS Run (Mode 7) — ANALYS Run (Mode 8)
-— 8 w1 Step 2 w1 Step 3 ' Step 4 -—8
Step 1 : i
: + §53
: Condensed
Structure FE Model | |—— FreeField Problem —— RO o8 Excavated Soil ~~  Structure
= SSIProblem (Flexible Volume) Condensed matrix files |
[, = \/
‘ UPLIFT_JEAC_4601_2015 Module < y | UPLIFT_3DFEM Module
Step 7  JEAC 4601 Nonlinear Uplift Analysis ,:6,°"A‘f - Compute Base Loads and
Use SSI Base Seismic Demands; <:: meknonldl: | HiFe= ke Foundation Uplift Threshold
i ing i ik, 4 Moments and Rotations
Modify bottom rocking impedances - s,'d.,‘f';;ff‘:-‘ 4 Step 6 -
ANALYS Run (Mode 8) Mo
\ 4 i Step 9 " GLOBAL_IMP Module
: Compute Global Excavated
Soil Impedance Matrix (6x6)
Step 8 4 b u
Bodiisgemaeell @3 e b L/
Excavated Soil R [ m—
GLOBAL_IMP Module
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Automatic Computation of Uplift Limit Base Moments and Rocking
Rotations Under Gravity (Static) and Seismic (Dynamic) Loads

Acontact

total

Is computed based on the springs in tension

Seismic
Tensioned Springs
N(t)

L

M(

t)
>

S(t)

Fstatic

Force scaling coefficients

V= dynamic
max tension

MO — Z(F}_static + ]/F}dynamic) . dj

IS corﬁputed for no-tensile springs

6, Is computed by linear
regression

Gravity
Compressed Springs

[ T !\u\)

Critical spring based on the no-tension force criterion

corresponds to the minimum spring scale factor.
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Nonlinear Uplift Limit Base Moments (Mo) for X and Y Directions

Mﬂ and MMTIME History

Moment (kip-it)

MW and an Time History

Moment (kip-ft)
e & bk RS M B o

L]
=i
=

i i i i i i
1 2 3 4 5 ] 7 8 g9 10
time (sec)

2020 Copyright of Ghiocel Predictive Technologies. All Rights Reserved.



Contact Surfaces for X (Longitudinal) and Y (Transversal)
Directions and Combined In 3D Space for 1.4g Seismic Input

Contact Surface Ratio, EtaXX, EtaYY and Eta3D

' \
0.g
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D.6 X-Direction S TopofS

.'I—
0.5
I
L=
Basemat Corner

0.3
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Base Uplift Moment-Rotation Curve for Linear SSI vs. Nonlinear SSI

MXX vs. TetaXX for 1.4g
20O O
19UEEEEEE L INEAR SSI
NONLINEAR SSI
0002 00015
-2E+{8
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4. Nonlinear Force PSD-Shape Based Iterative
Equivalent-Linearization (Option NON)



PSD-Shape Based Variable DRF is Computed Based on the
Nonlinear Force PSD for Each Wall at Each Nonlinear Iteration

The PSD-based DRF is Computed Plar:l 11 PSD of Elastic & Nonlinear Bending Moment Response
based on the frequency content of

the PSD of the nonlinear shear 14640
force or the bending moment
histories for each wall panel at
each nonlinear SSI iteration.

The DRF is computed based
the wall nonlinear force PSD
dominant frequency shift at each
iteration, as shown in the figure.

For iteration j, PSD-variable DRF
is DRFj = (Fj/Fj-1)"2

L2E+10

s |25t i
fteration 1

— [teration 2

—— lteration 3

= [teration &




Nonlinear ISRS Computed Using PSD-Shape Based Variable DRF
vs. 0.80 Constant DRF for While Performing Nonlinear lterations

ISRS at Top of Tower Building - Dir Y - Cheng Mertz ISRS at Top of Tower Building - Dir Y - Hybrid Model
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Nonlinear Hysteretic Wall Responses Using PSD-Shape based
Variable DRF vs. 0.80 Constant DRF for Nonlinear Iterations

Base Panel 11 Bending CM Hysteretic Loops Base Panel 11 Shear CM Hysteretic Loops
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Please send your feedback by email!

Please see the detailed newsletter
coming in October!



