ate of the Practice of Nonlinear
esponse History Analysis

Silvia Mazzoni, PhD

New Technologies Group
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Improve our prediction of the expected E&||
range of structural response by modeling fi|
‘realistic (not necessarily real) behavior. = |
» Reduce the uncertainties that we control.
» Understand those that we cannot.

—>develop an efficient design

—> performance-based engineering
paradigm)

egenkolb



Is it required?

 When taking a code exception

Is it going to produce a better answer?
Is it going to justify the increased cost?

What is the purpose?
» Evaluation & rehabilitation vs. design

When a ‘nonstructural’ project advantage
exists (e.g. reduced disruption)

» Can take advantage of higher code limits =il

egenkolb
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Perform 3D Model:

PERFORM-3D V4 : IpchCD-TG
Eile Phase Task Help

Oles| W|ei|v| B |5k &l 7). eI it 22 6|

NODES

1

|| )

&4 | |Entire structure v

Nodes Supports Masses Slaving
Add, move and delete nodes.
Length unit for coordinates = in

Single Interpolate Duplicate
Grid Move | Delete

Create a regular grid of nodes. You can then use
Move, Delete, etc. to make the grid iregular.

Specify orientation.
* Vertical (" Horizontal

Angle from H1 (degrees)

Specify dimensions
H1 Coordinate of Start  |i[p
H2 Coordinate of Start
V Coordinate of Start
No. of Bays No. of Stories
Bay Width
Story Height

Specify action if nodes have same coordinates.

(¢ Emor Not an error. lgnore new node(s)

Press Test to show new nodes

Te Cancel




Support testing programs
Evaluate behavior of critical

components

S, 812
SHES, (fraction = -1.0)
[Aug: 75%)
. +4,228e+01
+ +3.583e+01
i +2,938e+01
r +2,293a+01
+1.647e+01
+1.002e+01
+3.569e+00
-2.884e+00
-9.336e+00
-1.579e+01
-2.224e+01
-2.869e+01
-3.514e+01

000,
KR
RS

=




Time-intensive
160 records (10 GM’s x 16 cases)
« ~16 hours each record >100 days
Data-intensive
» 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

Labor-intensive
* Reduce data to only a few important

results per element
Degenkolb




Rapid Model | ‘
Generation \— ‘
Tools WL

| s -] - = W pourct. =
slelgrisiSruiz (] 0 2) K13 415 oS el frar ECE D W7 m Dirlgaiciielo]
T | 18] o SO ]
s
Y

&= | Multimachine [ ‘
| Analysis

Database Post- M
Processing < ‘
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Model Management & Exchange Tool

WINNTSystem32\cmd.exe - OpenSees

eXchange G O0pensees
D M X OpenSee ulation

Pacific Earthqu
(¢ Cop “lifornia
-

ETABS

4
-
4

OpenSees > model ki

-Element Inelastic Properties

-Linear Material Properties Pass'3 [expe 1900/2/386.41 0. 0. 0.
mass 4 [expr 2000/2/386.4] 6. 8.
-NL Material Properties uniaxialkaterial Concretedt 1 -50 .00 -4600. -0.01

uniaxialbaterial Steeldl 2 68080, 2898666 8.1

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

Autodesk




iInto OpenSe

Automated extraction of Perform Model

De! s B

Ele Phae Task Hel

| [Entie stucture

VALY
KANANGAS
e
AGASALR e

o.. RV AV Ry =
.G%.G.G?ﬂﬁfu

)

(G2 s

Add move and deete nodes.

Length unit for coordinates

Create aequlr id of rocs. Youcan thenuse:
Move, Delete, etc.to make the grdreguar.

Speciy orentaion.
 Vetical

© Horzontal

fio

H1 Coordinate of Sttt

H2 Coordinate of Stat
V Coardngt of Start

I3
Al fom T (gees) [~ N\ 1y
—

Specily dinensions.

™ No.oistres

No.of Bays

—
—

Specily scton i nodes have same cordinates

Baywidh

Sto Height

@ Enor € Not an e, lgnore new nodefs].

Press Testto show new nodes.

Coes

Test

=

- Vew
Standard Views

Basic | Plan

v

Ciick infigwes~,*" -
orentecangles
ndegeees]
=
e

= Vende 15

GH 2 (C3 C5 C iyl [1

Distance t view point (e o max. dimension)




a Real-Time Interface for Numerical Simulation
iIn OpenSees

addModelData ModelLabel RCTestFrame2Story2BayBbraced R —
addModelData ModelDescription "RC MRF, 2-StoraddSectionData SectionLe-= ™ "7 |

addModelData Model TypeLabel Elevation addSectionData SecﬁonM@Z«;M’f}L
addModel D mmi™ 6%\ &5+ S+aruDaiaddSectionData E 3600et

{f:;:?::; Kip; Time: sec # E LE ME NT =
i x| (e
addsecﬁonbaaddSecﬂonDafa B 600%™ \¢==

addModel D[Mmevial Labet
addSectionDa OddSecﬂoan-]'-S'H‘ABOat \i

4ksiConfinedConcrete _4|
e s — ———— — 3—B

a d d M 0 d e' D[M&&Ial Model Label
"vFu Ratio of resicual strength to maximum strength -- confin [ /

addModel D)4
; addSectionData SectionModelLapel RCRecF ==~

; addSectionData H 30*$in; ——
addSection | u

addSecﬁont@; :

addModelD fimme  cpenss ~|
addModelD_m .
ad d M 0 d e' D ;’—rg%mﬁo of maximum strength to |nnmi|al strength -- confine

3 OptionalUnits —

R BuildingTciViewer v.1.8 : FramelnputData.tcl
Pl It v Resiks Hob Ext Sove Ao
[ rre—

a d d Mo del D ’—r;u: Ratio of rzs::lat:;gm 2 nrximum strength -- confin| ) .
ddModelD - addSectionl*
a o e r" = — . Plastic-Hinge Rotation QPHz —
Taa I I e::l:.lu z:rpain a::ushl:; :trength add SeCf I on t MmaxAbs = ‘
a - I:UDQO OptionalUnits  —t . ?
a addLoad D "Ia;nbda: ratio b:t:eer: :n:ading s|lope &t epscu and initial sl C* I on = . . S§ \
g s =) . Animate Results
OddLOQd D = [—fT; tensile strength—‘\ rmEQ: Cf | Ont h\u?u;amlhnt ﬂ . : : i\\\\\\
a — B )
ad d Load D Test | T Real-Time Display (slower) ci’ i ont :Em,: © ﬂiﬂ = ts\ : : :‘/ :l ":\ \\i:\ *
(indn). — = — S5 DR S S
A9addLoadl o 1o - ctionlzom= .\51‘%%2:; :
g D=0 ey . Select Elevations ON/OFF & ViewPaint A S M
a addLoqd Modify/Savel Cflont E@Mz AL; 7.~ & \"::bz\\': :
Save As... u, . ° = N
addLoadl T 0.at2"; ction e . 3
addLoadD e

/
N4

ctionl

ViewAnalysisStats
Close All Results Windows

addLoadData GMscale 1.;
addLoad

Degenkolb
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—————ctionl ) oo
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Simulation Validation — L.oma Priet

BuildingTc

30

—Recorded
— Simulated

20
Time (sec)

Absolute acceleration

Run as 2D model for

efficiency
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Still Uniform-Support Excitation = bathtub model [SHAf
* Model kinematic effects (spatial variation of =l
ground motions) implicitly

egenkolb
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Spatial Variation in
Ground-Motion Input

Inelastic Inelastic
Super & Substructure Soil Characteristics




Structure Transmitting
boundary

Foundation Foundation-soil

interface
elements elements

—

oy, SMIENSE S Sase =

oc/o QQO000O0

o,
o
o,
o]
o
o,
O
7

from ATC 83 Project. Task 10, JP Stewart



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

egenkolb



Validation & verification of models
Education of engineers

Move away from always using lumped-plasticit
models!!!

Data management & visualization
Direct modeling of systems




Open-Source

Robust Solvers

Latest research knowledge/models
Can add user models/materials

Multiple-support excitation

SFSI / Soil modeling

Parallel / Multi-Machine processing
Customizable Output / Recorders
Fiber models

genkolb



Open-Source: Stability
Latest Research: Model Stability/Robustness

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

Lack of some basic analysis tools used in
design (modal analysis, etc..)

Visualization







