ate of the Practice of Nonlinear
sponse History Analysis

Mahmoud Hachem, PhD, S.E.

Silvia Mazzoni, PhD

New Technologies Group

Degenkolb Engineers

OpenSees Days - August 16, 2012




Degenkolb New Technologies Group

»  Current Activities:

« Tools for generating ASCE 41 hysteretic properties for
Perform 3D, OpenSees, etc

+ Ground Motion Selection and Scaling
« SFSI: Soil Foundation Structure Interaction Modeling

- Degenkolb Design Database: Post-Processing and
Database Export of Perform 3D results

* Risk Products: PML/SEL/SUL, EnvISA, Hazus, ShakeCast,
Portfolio Loss, etc.

- NLRHA

+ Component Modeling/Analysis

+ Tall Building / Wind Analysis

- BIM / Analysis interaction

* Many other ongoing consulting and research activities

ADegen kolb




Degenkolb New Technologies Group

* Chris Poland (Group Director)

« Mark Sinclair

- Mahmoud Hachem

» Silvia Mazzoni

1+ Tim Graf

Bl - 2+ Rotation Engineers

“@ - 3-6 Engineers working on Special Projects
ff__'f_"\': - Summer Interns




Outline

- Why NLRHA?
» NL Analysis at Degenkolb

- Analysis Efficiency & Model Management
* Modeling SFSI in OpenSees

1+ BuildingTcl

B - When to Use NLRHA?

B - OpenSees Opportunities and Challenges
- 1+ Conclusion




Using Non-linear Response History
Analysis (NLRHA) Iin Design

 Design Process and Goals
« Steps in the Process
* When and Why?

- Examples and Lessons

* Future Directions
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What Is design?

1.
ldentify
or Revise
Criteria

Structural

Design

4,
Analyze
Model

2.
Generate
Trial
Design

3.
Develop
Model




Design using Advanced Analysis

\\@ | magor rautes of -
ke . = — 1
a9

Identify
or Revise
Criteria

It n e L
Il
Il
D VI S T
[
|
|
|
|
A A

2.
Generate
Trial
Design

6.
Refine
Design

Cover plate

Giles viscous fluid

Irternal steel plate
(Resistance plate)

Structural
Design

External steel plate
(vizcous fuid container)

X

Single type

DIS Wall Damper 0.3 Hz

1000

500

-500

Applied Load (kips)
=]

-1000 [
-10 -5 o 5 10
Column Top Displacement (in.)
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Nonlinear Response History Analysis
(NLRHA), Why?

* Improving our prediction of the expected
range of structural response by modeling
‘real behavior'.

* Reduce the uncertainties that we control.
+ Understand those that we cannot.
* Develop our ‘model in the mind’.



NLRHA: Why?

* To better serve our clients.....

* By exploring solutions outside the code
+ Alternate Means of Compliance (PBEE)
- New materials, systems, and techniques
* By reducing structural scope and cost

+ By improving structural & seismic performance
for the same or lower scope/cost.

- By improving post-earthquake outcomes and
reducing life-cycle costs.

* While improving our understanding of structural
behavior to make us better Designers

ADegen kolb




Seismic Hazard & Ground Motions

Major Faults of

California
(With Geology)

D Quaternary sediments

I:[ y and Q y sedi y rocks
[[] rertiary sedimentary rocks

D Tertiary and Quaternary volcanic rocks
] Mesozeic sedimentary rocks

! Serpentinized ultramafic rocks

- Grantic rocks (mostly Mesozoic)

Spectral Acceleration (Sa)

Period (s)

Earthquake Ground Motion
Selection and Scaling

. N = _ _
Source: GeologyCafe.com (Base map modified after the Geologic Map Nonlinear Response H IStOl'y

of California by Jenning, C.W., 1997, California Dept. of Mines and MOdGlS AD egenkﬂlb
Geology) A R




Site-Specific Seismic-Hazard Analysis

Site Data
Location
Soil Profile
Average shear-wave velocity in top 100ft: Vs;,

Depth to Rock _

Regi(;nal Seismicity
Regional faults
Distance & Magnitude
Fault Mechanism

Attenuation Relationships

Lk sl :

Probabilistic Spectra
2% probability of being exceed in 50 years
10% probability of being exceed in 50 years

Deterministic Spectrum
Mean + one standard deviation

account for uncertainties associated with near-fault
ground motions

mie)EZ-FRISK *

EZ-FRISK
DATABASE

- * OR YOUR OWNEEOGRAM



Degenkolb Method

* Mean Spectrum Matching

- Developed at Degenkolb Engineers by Mark
Sinclair

- Addresses the limitations of the other two methods
and combines their advantages

- Addresses what is relevant to the structural
engineer

+ Minimal frequency-content modification to ground-
motion record

+ Spectral Matching at average level:
SR, , = Target Spectrum

avg

- We have used it on several projects

- Has been reviewed and approved by
CGS/OSHPD on a new-hospital design project

ADegen kolb




Mean Spectrum Matching

- Advantages .

- Maintain | - - Target Spectrum

* All individual characteristics of
record (except amplitude)

 Characteristic period and
energy content of record

* Peaks and valleys in individual

spectrum #27 S
AR

n —Average Spectrum Resultant (MeanSpectrumMatch) |

* Minimize amplification/effects on ' wkﬂ/\(w —
i -'q M I —

higher modes T NN -
. o N, a—— —

Control variability between Code period Rarge == —

| [

records o 0 05 1 15 2 25 3 35 4

+ Reduces peaks in spectrum Period (sec)

— Meet goal of mean response
— Can set different target spectra for different directions (Fn & Fp in near-field)
— Can control dispersion in response between records (standard deviation)
* Limitations
— Less known
— Implementation is not trivial, but automatable

ADegen kolb




Soil Foundation Structure
Interaction

Spatial Variation in

5] (] [E3] [ M ] = - = =] 1= ) - [E =18 .
| % | i | | : Ground-Motion Input
e || | il | i
g a ﬂ

Inelastic ola
Super & Substructure 0 aracte




Current State of the Practice:

Aﬁegenﬁ@l}:




Current Edge of the Practice:
Uniform-Support Excitation = bathtub model

Model kinematic effects (spatial variation of
ground motions) implicitly




Just Beyond:
Multi-Support Excitation

TE =] = T = )
nlg F H H B g #
| d g H g § §
agy 182 g | i3 i) agz
= ERE =] [= = * = =] = =
:

Spatial Variation in
Ground-Motion Input




Direct Modeling of System
Response

Structure Transmitting
boundary

Foundation Foundation-soil

interface
elements elements

|

Y

y X
i f /‘ ) Ug(t.x,y.2) Bedrock

from ATC 83 Project. Tas‘ﬂﬂ?gstﬁwdb
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ﬂ Create a regular grid of nodes. Y'ou can then use

Perform 3D Model:

Bl PERFORM-3D VA : [pchC

File Phase Task Help

Dle8| wlei|| B [ Gl )7 1AL
|

MODES

Erttire structure

Hodes | Supports | Masses T Slaving

Add, move and delste nodes.
Length unit for coordinates = in

| Single ] Interpolate T Duplicate
Grid T Move T Delete

Move, Delete, etc. to make the grid imegular

Specify orientation.

¥ Vertical " Horizontal

H2
Angle from H1 [dearees) 2 * H

Specify dimensions.
H1 Coordinate of Start |T[p

H2 Coordinate of Start ’7

W Coordinate of Start l—

Na. of Bays |_ Na. of Stories |_
Bay Width [
Story Height ’—

Specify action if nodes have same coordinates.
fe Emor (" Mot an enor. |gnore new node(s)

Fress Test o show new nodes.

Test Cancel

Distance to view point [multiple of max. dimension]
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Soil Material Models

Elastic

» |nitial Stiffness T ———-}-—___ >.-":
- Secant Stiffness '

Elastic-Perfectly-Plastic+—7
. Initial Stiffness/C/ ‘ /
- Secant Stiffness ’
Inelastic Curvilinear
- Qz,Py, Ty Springs (OpenSee
* Inelastic Multi-Linea

» Determined from Qz,Py, Ty|fpprings
+ Implementable into SAP

°
Spring i-orce

Spring Deformation
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Component Finite Element Analysis

Detailed Component Analysis:

In support of testing programs, e.g.
SMRF Connections

Evaluate behavior of critical
components




FEA - Pipeline Analysis

Determination of pipe
stresses and strains due to
Imposed displacement at a

fault crossing

Incorporates:
Inelastic pipe properties
Inelastic soil properties
Internal pipe pressures
Varying soil conditions
Varying fault locations and offsets




Moment/Brace Haunched Connection

5,522
SNEG, (fraction = -1.0)
(avg: 75%)

+7.98+01
+5.58401

-7.9e+01

ta) Flexural Stress Contours

PE, PEZ22
SHEG, (fraction = -1.0)
(Awg: 75%)
+3.50-02
+3.0e-02

(b} Plastic Flexural Strain Contours




NRH Analyses

» Typical Analysis
» 160 records (10 GM’s x 16 cases)

- On average 16 hours each record = over 100
days end-to-end

= - Typical suite can generate up to 2 TB of data

* Includes displacements, drifts, member
forces, hinge rotations, energy dissipation,

| etc. for every single time step

- - Can be labor intensive to reduce data to only a
- few important results per element

ADegen kolb
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Rapid Model
Generation

Tools

Multimachine
Analysis

Database Post-
Processing
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State of the Edge of the practice:

Discovering limitations
- Software was developed for serial machines

Pﬂﬁ!ﬂ Pm‘ﬁ PliF.& nns!ﬂ Pmﬁnﬁ




Hardware Efficiencies

* Multi-Core 64 bit Processor
» Virtual Analysis Machines

- Adjustable allocation of resources

+ Software only utilizes one core per instance,
multiple instances on multiple cores
machines allows for parallel analyses

- Multi-Machine Analysis



Multi-Machine Analysis

Analysis Analysis
Machine 1 Machine 2

[ —
SR 3 el
taptm
E::'L:::: i E};%Emﬁ'z::ﬁ:
ase Model GM 4
[ e [ e
Ol iz 8 s 217 216l selzinlvis] Ol iz 8 s 217 216l selzinlvis]
f
M
;

Base Model

[




Multi-Machine Analysis

- DE Level Analysis

* 10 Ground Motion pairs (avg 16 hrs each)
X 4 (Eccentric mass cases)
X 2 (rotated ground motions)
X 2 (Upper & lower bound soil properties)
* =160 records

_ 1 Run simultaneously runtime reduced from 100s of
days to length of 5 ground motion (2-3 days)

ADegen kolb




Software Efficiencies
- Degenkolb Design Database

» Software developed for Degenkolb
» Accesses PERFORM binary result files directly

- Qutput to text files or database files

A\ Degenkolb




Degenkolb Design Database

o |[[[E= ]2
(7]
Rl 4 e el =1 S 4 £4 | |Entire structure | & .
= Mews X Totals =l [£44 }} .
== Save “F spelling | %1 - =
Filter i Find
)C Delete - jMore < 'y W
Records Sort & Filter Find

d_Mode_Dsp j 2_Output_Step_Mode_Dsp 4
[imeStep - DspH1 = DspH2 - | DspV -«

0 -4.51516211032867E-02 #HHHHHHHH] .‘?.‘?.‘?.‘?.‘?.‘?.‘?L
0.005 -4.51472476124763E-02 HHHHHRRH HiHHHH
0.01) -4.51296903192997E-02 #HHHHHHHH HHHHHE
0.015 -4.50943261384964E-02 HHHHHHHH HEHHHH
0.02 -4.50406968593597E-02 ## 1
0.025 -4.49682250613935E-02 HHHHHHRHT HHHHHH
0.03 -4.487625136971ATE-02 HHHHHHHH HHHHHE
0.035 -4.47641052305698E-02 HHHHHHHHT HEHHHTT
0.04 -4.46311794221401E-02 ## HH
0.045 -4.447697A7555256E-02 HHHHHHHHT HUHHHTHT
0.05 -0.04430116340518 HHHHHHH HHHHEE
0.055 -4.41035963594913E-02 HHHHHHHHT HHHHHH

H i

H

i

=N [EC [ E=2 )
i
-

i

i

ADegenko_It;

(C) Copyright 201U:B|e§enkolh Engineers.
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State of the Edge of the practice:

Discovering limitations
» Post-processing is proprietary and cumbersome




Database Queries - Drift

™ ] Degenkalb Drift Viewer =
Create External Data Database Tools
! B Heo-® = Degenkolb Drift Viewer = = x
y Degenk0|b 1) & e Home  Create External Data Database Toals (7]
»
Start Projectinput ExistingResull [~
M Degenkolb|algi AT §
Start Projectinput ExislingResults
Projectlnfol Levels | Stories | GridLines | GridLine Intersection | XY Intersection | COM Labels | COM coords | Analyses | DriftLimits | RUN
“: ‘ STNRIES
Run these only B9 -o- )+ Degenkalb Drift Viewer z
b ol i T External Dat Database Tool
. hididiml sk : nm-e reate ernal Data atabase Tools
s button B Bl
it!
£ A Degenkolb|e ewe —
' Start Projectinput ExistingResuils
'Z>= ProjectlnfolLe'vels Stories | GridLines | GridLine Intersection | XY Intersection | COM Labels | COM coords | Analyses DriftumitisUN
=
GRID LINES B
Grid Name X Y Description
2 4812 E-W
GL 15 4638 | E-W
GL_10.0 1524 E-W
Release ecemb GL_11.05 1152 | EW
= GL_12.0 768.05 | E-W
c
= & GL_13.0 358.01 | E-W
Form “Wiew =
'IT_.; GL_14.0 218 EW
E| eLzo 4428 | E-W ‘
GL_3.0 4092 | E-W
GL 35 3882 E-W
GL_4.0 3708 | E-W
GL_4.4 3576 | E-W T
GL 51 3321 | EW
GL 5.9 3015 E-W =
Record: M [1ofa1 | b M b [ G Hofier [[search i
bold: required input itafic: optional input
Dt 14 D brbe 0 g@degenkolb
Form View Hum Lock




Database Queries - Drift

(D) Lg\_? .[‘J 3 Degenkolb Drift Viewer i) = x

Haome Create External Data Database Tools @

»
—| (D’! H9-™ 2 Degenkalb Drift Viewser i = x
4 DegenkOIb Drlﬁ Vlewer - Haome Create External Data Database Tools @
Start Projectinput
(D’: H9- ™ ] Degenkoll Drift Viewer = = x
- Home Create External Data Database Tools
» ._
y ldeldalGlls Drift Viewer LPCH
Start Projectinput ExistingResults e
7 ——llaxSeriesAvy_max
FIoorDipIacement5| StoryDrifts |CompareDriﬁ5| Displacement Tablel Drift Table ) ]
» [Knuckle - H1 — - == 13y SeriesAvg_min
o ° ~ - - - ||| —#—Setiesfvy -
= DefaultAnalyses max
= —— g Seriesduy —m— Seriesfvy - DefaultAnalyses_min
1 5% —»—0637_max
) | | —s—0B37_rnin
ik —i— Setiesfvy - DefaultAnalyses
g FELC max
—m—b637
L {| ——ELC_min
: —»—-ELC
e B — |ZT_max
s
y '3 2 i S ——|ZT IZT_min
< o - — —Jos r | Jos
£ = . . = _max
'E‘ ; . v\ S ——NI3 JOS_min
= wn | T
'z>u L B \/ IS o WWH - MIS_max
o
; /,/ — P210 +— MIS_min
4 ey A el
® ! i = TCUOTE ||| NWH
£ o 1 et —
Sy et TCU120
YPT
&
= L
b
Record: M 4 [20f26 | » M K Ma Filter | |Search
Mum Lock ‘
I e
Release ecembe g@dege. b
1 il
Farm Wiew | Mum Lack
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Model Management

* Why the need?

 Quality Control - Repetitive tasks invite human
error

_ * Speed
Bl - Software to automate the multi-machine analysis
' + Calls on multiple models

 Distribute models to available Virtual Analysis
Machines.

- Database can query across results from different
models to assemble (envelope/average) results as
required.

ADegen kolb




Analysis Management/Automation

Model 1

TH2 TH3 TH4

1. Start

2. Distribute

3. Assemble

Model 1 Model 2




Model Management

» Model Exchange Tool

* Intermediate repository of structural model
information

+ Allows the conversion of model data from one
finite element software to another.

- Should be able to convert to and from several
applications including
- ETABS,
- SAP2000,
* Perform3D,

* OpenSees,
- and BIM...



Model Management

ETABS MODEL

‘EtabsModel.mdb
Or
"l\ EtabsModel.e2k

o Microsfot Access Tool N

Degenkolb Model eXchange tool
DMX s

Tcl Inp

tFile

TABLES

-Nede Coordinates

-Node Restraints

-Element Connectivity
-Element Sections

-Element Inelastic Properties

A J

SAP2000 MODEL

SAPModel.mdb -Linear Material Properties o
or -NL Material Properties Building Tcl
SAPModel.s2k > -Loads (Static) — -
I = -Loads (EQ)
C—— -Mass
-Diaphragms

-Constraints

-Analysis Cases (Static)
—#-Analysis Cases (Response Spectrum)
-Analysis Cases (Response History)

PERFORM-3D MODEL

Perform3D

T

AD egenkolb




|Open8ees Modeling Capability

¥%] = Degenkolb OpenSees Model Viewer = . - . X |
ViewAngle-Z [ ~Options
0.8 ~Element Groups
—

LYY
¥
Y
v

AN

AT
MTAERY

e

L T

Yoriet

/

Group Number: 1 : Frame Beams
Group Number: 11 : Foundation

‘Group Number: 12 : Soil-Foundatio

Shear Walls

up Number: 3
[# Group Number: 4 : Diaphragm (Concrete)
¥ Group Number: 5 : Gravity Beams

¥ Group Humber: & : Gravity Columns

¥ Group Number: 7 : Panel Zone

[# Group Number: & : Frame Columns

¥ Group Number: 9 : Strain Gauge Columns

NUNEI

Mare ———
[ Show FrameElemeniTag

[T Show Nodes

[T Show Support BC

v —

— DegenOpenSeeshlodeliswer —

Research Involvement:

Next generation structural analysis software

Past involvement with OpenSees
Development Team

Close collaboration with researchers




Model Conversion

Automated extraction of Perform Model into
OpenSees

set thisDatalist $Header StartList
set GroupData "
for {set LineCounter 1} {$LineCounter<[expr $NskipStart-41} {incr LineCounter} {
set thisLine [lindex $thisDatalist $LineCounter]
if {[llength $thisLine]>0} {
lappend GroupData $thisLine
}
}: # end for LineCounter
set NMaxLines [expr [llength $thisDataList] -1];  # the -1 is to remove the last blank line
set ElementInputList "
for {set LineCounter $NskipStart} {$LineCounter $MMaxLines} {incr LineCounter $MNlinesPerElt} {
set ElemTag [lindex [lindex $thisbataList $LineCounter] 0]
set thisEltData "
for {set ii 1} {$ii<=$NlinesPerElt} {incr ii} {
set thisLine [lindex $thisDataList [expr $LineCounter+fii-1]]
if {$ElementType=="FRAM" && $ii==1} {
set elt7 [lindex $thisLine 7]
if {[catch {set t [expr 3.7$elt71HI=1} {
set thisLine [linsert $thisLine 7 Null]
set thisLine [linsert $thisLine 7 Null]
}
set eltB [lindex $thisLine B]
if {[catch {set tt [expr 3.7$eltB]}]I=1} {
set thisLine [linsert $thisLine 8 Null]
}
}
lappend thisEltData $thisLine

1o 2 and fan i ADEQEH I-c‘_'{;]-“:b




OpenSees Model
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Frequency Dependent Windowing: A Non-
Stationary Method for Simulating Spatially

Variable Earthquake Ground Motions

Timothy D. }'uuzlyet:l,“}I Jonathan P. Stewm't,h]' and Norman A. Ahrahamsuu,ﬂ
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Figure 5. Schematic of the multiple short-time window simulation procedure in Abrahamson (1992b, 1993). (a) seed ground motion and its Fourier

amplitude spectrum; (b) six series of multiple time segments and their corresponding frequency modifications shown in red; (c) recombined

Model
Simulated data

—4 Model

------ Model +/- std dev
Simulated data
Running mean of data

0 5 10 15 20 25
Frequency (Hz)

0 5 10 15 20 25

Frequency (Hz)

Figure 13. Evaluation of simulated motions developed using final FDW simulation procedure. (a) seed

and simulated time series; (b) seed and simulated Fourier amplitude spectra; (c) comparison of &,

calculated from 40 realizations and medel; (d) comparison of |} calculated from realizations and model.
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Continued Improvement of
BuildingTcl & BuildingTclViewer

BuildingTcl

A\ Degenkolb



Model Input -- elevation

addModelData MedelLabel RCTestFrame2 Story2BayBbraced
addModelData ModelDescription "RC MRF, 2-5Story, 2-Bay"
addModelData Model TypeLabel Elevation

addModelData -Geometry Height 16*\$f+ StoryRange "1 2"
addModelData -Geometry Width 20*\$f+ Bay 1
addModelData -Geometry Width 30*\$f+ Bay 2
addModelData -Columns SectionLabel ColumnSection ColumnLineRange "1 3" StoryRange "1 2" Orient Rotated
addModelData -Beams SectionLabel ColumnSection BayRange "1 2" FloorRange "2 3"

addModelData -ChevronBraces SectionLabel W12x16 BayRange "1 1" Story "1 2" Eccentricity 4.*\$ft
addModelData SupportBC fix

addModelData QutOfPlaneSupportBC fix

addModelData RigidFloor Off

addModelData JointOffseteSwitch on

addModelData TributaryWidth 5.*\$f+ )

addModelData -GravityLoad LoadLabel DL1 FloorRange "2 3" DistributedLoa !
addModelData -GravityLoad LoadLabel LL1 FloorRange "2 3" DistributedLoas
addModel




RC Sections

addSectionData SectionLabel Beamtomodelfoundation;
addSectionData SectionModelLabel RectangularElastic;

addSectionData E 3600e6™\$ ksi
addSectionData B 600*\$in
addSectionbata H 480*\$in

F ELEMENT SECTIOMN =nmmm e e e e e e e e e e e
addSectionData SectionLabel 30x30RCRectFiber

addSectionData SectionDescription "Square Rectangular RC Section"
addSectionData SectionModelLapel RCRectFiber:

addSectionData H 30%%in:

addSectionData B 30*$in:

addSectionData NBarBot 6: # number of bottom longitud
addSectionData MBarTep 6. # number of top longitudinal
addSectionData NBarInt 6: # total number of intermedic

addSectionData BarSizeBot #9:

addSectionData BarSizeTop #9:

addSectionData BarSizeInt #9;

addSectionData CoverBot 2.6*%in;

addSectionData CoverTop 2.6*%in;

addSectionData CoverInt 2.6*$in:

addSectionData CoreMaterialLabel 4ksiConfinedConcrete:
addSectionData Cover MaterialLabel 4ksiUnconfinedConcrete:
addSectionData Reinforcement MaterialLabel 60ksiReinforcingSteel:

addSection
_-—r LS L TRILL I



Lateral Loads

addLoadData LoadLabel StaticPushover:;
addLoadData |LuudT',.rpE.Lu|::E:f LateralPushover:
addLoadData DMax 1*\$in;

addLoadData ControlNodeFloor top:

addlLoad

addLoadData LoadlLabel EQ;

addLoadData Load TypeLabel UniformEQ;
addLoadData GMfactor \$g:

addLoadData GMdirectory "GMfiles":
addLoadData FileType "PEER":
addLoadData GMfilename "H-E12140.at2";

addLoadData GMdirectory "GMfiles"; addLoadData GMdirection X:
addLoadbData FileType "PEER"; addLoadData GMscale 1.;
addLoadData GMfilenameX "H-EOQ1140.AT2"; addLoad

addLoadData GMscaleX 1.;

addLoadData GMfilenameZ "H-E12140. AT2";

addLoadData GMscaleZ 1.;

addLoad

=

addLoadData LoadLabel EQ2D:
uddLaudDu+a| Load Typelabel UniformEQ2D:
addLoadData GMfactor \$g:




BuildingTclViewer

= BuildingTclViewer v.1.8 :: FramelnputData.tcl

File Input Anclysis Resuts Help Exit

Analysis
~Models (Select all that apply)

Al
view | [T TransverseFrameOnLine13 (Elevation)

view | [T TransverseFrameOnLine14 (Elevation)
view | [T LongiudinalFrameonLined, (Elewvation)
view | [T LongiudinalFrameCnLineD (Elevation)

view | GeneralizedFloorGrid (Flan)
view | ¥ 3DBuilding (3DFrame)
=

wilding
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Visualization of Structural Response
envelope values
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Model Validation

. . ; . ; AD&genkolb
Simulation Validation — L.oma Prieta
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When to go to NLRHA?

+ Confirm first that there is a point, and
degree of potential advantage:

* Is it required? e.g. Base Isolation
* Is it going to produce a better answer?
+ Is it going to justify the increased cost?
» Should we just fix the problem....?
- Better for some structural systems
* Where R or m is much smaller than
o Alimit / Ay
1 - When a ‘nonstructural’ project advantage
' exists (e.g. reduced disruption)
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Comparison w/ Code-Based-Design

- Advantages
- Allowable drift increase (1.25 factor)
Can achieve lower Q, Factor (1.5 vs. 2.5-3.0)
Advantage in ground motion scaling in far-field
- When taking a code exception
+ Sometimes can use lower mass eccentricity
- Disadvantages
+ Code drifts computed using Cd = 0.7R
* Podium structures, no easy two-stage analysis
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CPMC Cathedral Hill - Scheme Comparison

Structural System Drift Floor Steel Cost
Accel. Wit. Index
(psf)

Conventional SMRF 1.25% 1.0g -1.5¢g 36

Dual System -
BRBF+SMRF 1.25% 1.5g -2.0g 27 0.8

Braced Frame with
Isolation 0.7% 0.2g -0.3g 28 1.0

[SMRF with Dampers | 1.25%  0.5g -0.8g 20




NLRHA: Design Requirements

» No current “code requirements”:
 In development, BSSC Task Group
* Usually means an AMoC or “Design Criteria”
+ Make it as brief as possible.

+ Reference other standards where possible,
e.g. ASCE-41, Tall Buildings Initiative

 Avoid finalizing it too early

- Understand review process
+ Local jurisdiction/reviewer experience
- Consider impact of potential delays



NLRHA: Lessons Learned

+ Allow extra time for learning process
+ Spend time with the model, run nightly

» Concrete is much harder than steel

- Especially at large deformations, e.g. for
retrofit, or in podium structures.

* Viscous damping assumptions are important

» Accidental mass eccentricity assumptions
are important

- Don’t overstate savings in the beginning
- ! - Can work well IPD and DB environment
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NLRHA Future Directions

- Which Software to use?
* Perform-3D: Future support by CSI?
- OpenSees: Continued development and
funding?
B - Overnight run-result cycle
- Better model management and automation
* Cloud based computing, multiple runs
- Explicitly consider dispersion
- Still have limitation on length of single RHA for
large models

* Flexible diaphragm, Fiber models, Walls
ADegenkﬂlb




Simulation Needs In the Profession

Project time is key - Optimize simulation

Integration with BIM — model management, and
synchronizing models between software
(OpenSees <-> Revit <-> Etabs)

Multi-analysis & multi-model management
Model uncertainties, sensitivities & optimization
Integration into design tools

Distributed computing

Smart solution algorithms




Simulation Needs (cont.)

Validation & verification of models
Education of engineers

Move away from always using lumped-plasticity
models

Data management & visualization
Direct modeling of systems




OpenSees Opportunities/Benefits

+ Open-Source

* Robust Solvers

- Latest research knowledge/models
» Can add user models/materials

1+ Multiple-support excitation

Bl - SFSI/ Soil modeling

B8 - Paraliel / Multi-Machine processing

« Customizable Output / Recorders

- I Fiber models




OpenSees Limitations/Challenges

» Open-Source: Stability
» Solvers (Convergence, tuning)
- Latest Research: Model Stability/Robustness

: B Lack of robust nonlinear RC wall elements
1 (Promising developments by Prof. Filippou)

H 8 - Lack of some basic analysis tools used in
' design (modal analysis, etc..)

- Visualization / User Interface
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