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What is OpenSees?

@ Open System for Earthquake Engineering
Simulation.

N

# A software framework for developing sequential
and parallel, grid-enabled finite element
applications in earthquake engineering.

# |t is open source. Hence everybody can
download and contribute to the code.

# Mostly used as a research tool, but it is fairly
stable for regular use.

F McKenna




OpensSees
# A robust finite element software.
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— Uniaxial material
-Elastic, -BoucWen, -Steel02,
-Concrete02, -Gap, -Fatigue,
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OpensSees
# A robust finite element software.

o
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— Line element

-ZeroLength, -Truss, -ElasticBeamColumn,
-NonlinearBeamColumn (force, displacement),
-BeamWithHinges,...

N
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— Area element
-Quad (std, bbar, enhanced, u-p),
-Shell, -BbarQuad,...

. Solid element
-Brick (std, bbar, 20node, u-p, u-p-U)




Running OpenSees

N

# Tcl (tool command language) programming
language
s It is a string based command language.
= Variables and variable substitution.
= EXxpression evaluation.

s Basic control structures (if , while, for, foreach).
= Procedures (subroutine).

# Requires some time and learning effort to use it.




TCL scripting models

N

wPRfficult to visualize the maodel

source Units.tcl; # define units

s@rt@ﬂaent_@t.elrror_ # load up parameter values (Model information)

source GMFiles.tcl; ) #load up ground-motion filenames
Bl L O N - lurai response.
foreach Xframe|$inrame Hcol|$iHcol Lcol|$iLco| Lbeam [$iLbeam : ERfI\iE_'
Glblc|$iGlblc|GrhoCo| $iGrhoCol GPcol|$iGPcoll GMfacl $iGMfact {
source Static.tcl; # load procedure for static analysis
{source Dynamic.tcl; # load procedure for dynamic analysis }

puts FRAMES$Xframe........ FRAMES$Xframe........
puts STATIC_ANALYSIS

I Static $Xframe $Hcol $Lcol $Lbeam $Glblc $GrhoCol $GPcol $GMfact ; I
puts DYNAMIC ANALYSIS
foreach|GroundFild $iGroundFile { I GROUND MOTION -;

puts GroundMotion$GroundFile
I Dynamic $Xframe $Hcol $Lcol $Lbeam $Glblc $GrhoCol $GPcol $GMfact $GroundFiIe;|




OpenSees Navigator

N

J@ Graphical user interface (GUI) for OpenSees.
# Pre- and post- processing for OpenSees.

# Design toolboxes: NSP, PBEE, AISC design
checks, AISC database, response spectra for
linear and bilinear systems, system identification

and signal filtering.

# Can be used as a standalone application or
coupled with MATLAB for development purpose.

# Being used by researchers from Asia, north and

south America and Europe.

https://www.gooqgle.com/analytics/reporting/maps?id=20238794&pdr=20100201-
20100303&cmp=average#lts=1267723466859 .



https://www.google.com/analytics/reporting/maps?id=20238794&pdr=20100201-20100303&cmp=average#lts=1267723466859
https://www.google.com/analytics/reporting/maps?id=20238794&pdr=20100201-20100303&cmp=average#lts=1267723466859

Motivations

N

® Replace the TCL text input with graphical input.

# This will provide many robust plotting
algorithms and it is very effective in generating
the plots for engineering applications.

# OpenSees Navigator will create the OpenSees
model and graphically display the results before,
during or after a test.

# Flexible to use and requires no programming
skill.




penSees Navigator

N

) | OpenSees Navigator 2.1
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Define geometry: new model template

) Openses Mavigator 20 [P

Edit Yiew Define Assign Analyze Cutput Design Help | MATLAE Menu

fram Y XZ YZ 3D | B »  +EEBEE N~

Stick Model

Clase Madel
Save Model T+
Save Model fs...

Beam Model

Set OpenSees exe Path...
Page Setup...

Frirt: Setup... <) Geometry Templates

Print Preview. .

Print... [t

1 tenpozan. kel Geometry Templates
2 Example? mat

3 PortalFrameTrial.mat
4 ChevronSCEF.mat

Quit

EBF Model @ Zipper Frame

Inverted-V Braced Frame

Moment Frame

Single Area Mesh

Model has been closed and warkspace has been reinitialized successfully »0.00 v0.00 Z0.00
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Define geometry: Zipper braced frame

<) Define Zipper Frame Geometry E]|E|
Define Zipper Frame Geometry

Dimension {ndm) :

Number of Stories (NOS) :

Poa
=%
L

Number of Bays (NOB) :
Story Height (SH) :
Bay Width (BW) :

2

T
B
T
O
O

Boundary Condition {(BC) :

Brace Bay Config {(BraceBay) :
Num Segments in Col {(N5C) :
Num Segments in Beam (NSB) :
Num Segments in Brace (NSBR) :
Num Segments in Z-Col (NSZC) :
Brace Offset (BraceOffset) :




Define geometry: Zipper braced frame

N

-} Assign BraceBay




Define geometry: Zipper braced frame

N

-} Assign BraceBay




Define geometry: Zipper braced frame

N

-} Assign BraceBay




Define geometry: Zipper braced frame

N

-} Assign BraceBay




Define geometry: Zipper braced frame

N

<) Define Zipper Frame Geometry @|§|
Define Zipper Frame Geometry

Dimension {(ndm) :
Number of Stories (NOS) :
Number of Bays (NOB) :

Pt
=1

Generate

Story Height (SH) :
Bay Width (BW) :
Boundary Condition {(BC) :

s

Brace Bay Config {(BraceBay) :
Num Segments in Col (N5C) :
Num Segments in Beam {N5B) :
Num Segments in Brace (NSBR) :
Num Segments in Z-Col (NSZC) :
Brace Offset (BraceOffset) :
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Define geometry: *.m, *.mat, *.tcl, *.s2K

N

L/

<} OpenSees Mavigator, 2.5 - PunahouZCANodel.oads. mat

FIEW Edit  Wiew Define Assign  Analyze Oubput  Design Help | MATLAE Menu
Mew Model From Template... e+ Z YZ 3D | & 5 | BE 4E |+ 7 S
Open Model from File... Chrl+0 —
Close Model r
R Load Model
Save Model As. .. )
Set OpenSees.exe Path... Loak, i | - PfEII:IDSEIl vl =] ﬁ%{ v
Preferences. ..
Reset Preferences B FixF‘SIinester m
Update O5M model. .. £ I . ' . .
B, I_k;; ﬂ HealthSciencesUnitl _FluidDampers, s2k
Print Setup. .. My Recent ﬂ HealthsciencesUnitl _FluidDampers_Mechanism,s2k
Sl Liegument LI HealthsciencesUnitl_original, 52k
Print... e i . R %
1 PunahouZ CAModeLoads . mat] L% F‘DstF‘rDcessmg.m
2 UCsDBlindPredictionAnl . mat 3 WiteToExcel.m TI:"'F'E: 52K File
3 UCSDBlindPredictionAn 1 mat] Desktop Date Modified: 8/8/2009 5:43 PM
4 UCSDBlindPredictionan 1 mk. rf
Size: .36 MB
it

<

ty Documents

8

by Computer
3
My Network, File name: |HealthSciencesLlnit'I_Driginal.sEk ﬂ
Flaces
Files of type: [F.rm, " rnat, bz, ® 52k) j Cancel




Define geometry: import from SAP2000

<) |OpenSees Navigator HealthSciencesUnit1_Original.s2k

LA
- o 4 a
S lk 1& lk l'
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model "HealthSciencesUnit!_Original. s2k" has been loaded successfully ¥B375.24 Y-5934.26 ZH949.84
w W




Define geometry: Plan

<} |OpenSees Navigator 2.5 - HealthSciencesUnit1_Original.s 2k

Define n

v v

rnodel "HealthSciencesUnit!_Original. s2k" has been loaded successfully ¥-1618.78 ¥1089.99 Z150.00




Define geometry: plan

<) DpenSees Navigator 2.5 - HealthSciencesUnit1_Original.s 2k
File  Edit Define n - Anal utput gn Help |

rodel "HealthSciencesUnit!_Original.s2k" has been loaded successfully ¥1644.55 Y-10243.44 72531 31
w b
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View geometry: set display options

<) OpenSees Navigator 2.1
Analyze  Output  Design  Help |  MATLAB Menu
Y7 3D |8 92 (2] » |+ BN e
Clear all
Set Grid Lines. ., Set Display Options... (Ckri+E)
2D ¥¥-Plane
2D XZ-Flane
20 ¥Z-Flane
SD SW-Yiew
3D SE-View
3D ME-View
30 NW-View

<)} Set Display Options

MNode Element

Tags Tags

SP Constraints B Types

Bl MP Constraints B Geo Trans
M Masses M Local Axes
B Loads/Displacements M Zero Length

[l Loads/Deformations

Clear all

zipper frame geometry has been generated successfully

General
Model
Global Axes
M Grid Lines

o)X

EEX

Node:

-Tags

-SP Constraints
-MP Constraints
-Masses
-Loads/Displ.
Element:
-Tags

-Types
-GeoTrans
-Local Axes
-Zero Length
General:
-Model

-Global Axes
-Grid Lines

#2881 Y173.55 Z0.00
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<) OpenSees Navigator 2.1
File B[ ‘iew, A 1 Help | MATLAB Menu
[ Mod 3 _EJ > 4+ l—_
Delete. ..
Divide)Jain Frames. ..
Add/D eraLength..,
4 11 11 12
25
4] 4 17
26
9 1] 10
21
[ 3 15
22
7 2] 2
17
13
18

zipper frame geometry has heen generated successfully

Node:
-Add

-Delete
-Move
Element:
-Add
-Delete
-Divide/Join

-Add/Delete
ZeroLength




Define material: uniaxial materials

<} |OpenSees Navigator 2.1

File Ec NN Assign Anal utput  Design Help | MATLAB Menu

D @ u & MU - +

»
» nD Materials. ..
»
»

i

<} |Define Uniaxial Material

Define Uniaxial Material

Add Material : BoucWen

Modify Material : ElasticDefault

Delete Material : ElasticDefault

zipper frame geometry has been generated successfully

Templates:
-BoucWen

-Concrete01
-Concrete02
-Concrete03

-Elastic

-ElasticNoTension

-ElasticPP
-ElasticPPGap
-Fatigue
-Hardening
-Hysteretic
-MinMax
-Parallel
-Series
-Steel01
-Steel02

-Viscous




Define uniaxial material: SteelO1

N

L/

# Material properties

L Fy = 50 ksi
s E = 29000 Ksi
s b=0.05

-

stress or force

hb*hED

T EED

strain ar defnrmatrn;n




Define uniaxial material: SteelO1

=) Define Steel01 Material
Define Steeld1 Material

Material Name :

Yield Stress (Fy) :
Modulus of Elasticity (E) :
Hardening Ratio (b) :

Optional Parameters :

Iso Hardening Parameter (a1) :
Iso Hardening Parameter (a2) :

Iso Hardening Parameter {a3) :

[l
1=
=
=
=

Iso Hardening Parameter (ad) :




<} |OpenSees Navigator 2.1 E]
Help | MATLAB Msnu

Edit Define gn  Analy
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ad Pattern 4 11 11 12 2
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Fun 35

<) Define Uniaxial Material E]@

Define Uniaxial Material

Add Material : BoucWen j

Modify Material:
Delete Material : ElasticDefault j

7 g E
17
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<} |OpenSees Navigator 2.1

File Edit Define an  Analy ukpUE gn Help | MATLAB Menu
D e u o M il senss. ., NGHIY
» nD ials...
rirnental »
Eles t »
Tirr
4 11 11 12 =]
An.
Functi a5
] 4 17 a]

<) Define Uniaxial Material E]@

Define Uniaxial Material

Add Materia
ModifyiShow Material

ElasticDefault

Delete Material : s ]

7 ) B
17
13 2
18
* <]




Define uniaxial material: SteelO1

N

L/

-} Define Steel01 Material

Material Name :

Yield Stress (Fy) :
Modulus of Elasticity (E) :
Hardening Ratio (b) :

Optional Parameters :

Ise Hardening Parameter (a1) :

Iso Hardening Parameter {(a2) :

Ise Hardening Parameter (a3) :

Ise Hardening Parameter (ad) :

Define Steeld1 Material

: -
El




<} |OpenSees Navigator 2.1 E]
File  Edit Define 1 Ang

n |  MATLAE Menu

Uniaxial Materials | [S

Ol Materials »
» nD Mal
3
»

R - 25

<) Define Uniaxial Material E]@

Define Uniaxial Material

Add Materia
ModifyiShow Material

Delete Material : ElasticDefault “

ElasticDefault

7 ) B
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Define gn Qutpuk n Help | MATLAE Menu
»

Ol Materials

Uniaxial Materials. | [S
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Add Material

ModifyfShow

Delete Mate)
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<} |OpenSees Navigator 2.1
Fil

= =

n Help | MATLAB Menu

Uniaxial Materials. .. | [S

nor El

25

<) Define Uniaxial Material

Define Uniaxial Material

FEX

Add Material :

BoucWen "

Modify/Show Material :

|A5l]

W

Delete Material :

A50

w

v




Define material: nD materials

<) |OpenSees Navigator 2.3
Assign Analvee  Cotpot Design Help | MATLAB Menu

File Edit View EEERGE

Uniaxial Materials. ..
nl Mate

Sections
Experimental
Elements

Time Series. ..

Load Pattern...
Recorders...
Analyses Options. .,

=} Define nD Material

Add Material :
Modify Material :

Delete Material :

zingle solid-nesh geometry has been generated successiully

[ = 1 (R

Templates:

» +EENEEN : : :
-ElasticCrossAnisotropic3D
-Elasticlsotropic
-FluidSolidPorous
-J2Plasticity

-MultiaxialCyclicPlasticity
Define nD Material

Elagticlsotropic -

-PlaneStress

-PlateFiber
-PressureDependMultiYield
-PressureDependMultiYield02
-PressureDependentElastic3D
-PressurelndependMultiYield

-Template3DElastoPlastic

Under development:

-NewTemplate3DElastoPlastic
-ModelsLargeDeformation

¥0.00 %0.00 £0.00

»




<} |OpenSees Navigator 2.1
" Help | MATLAB Menu

Templates:

-Aggregator
-Elastic

-Fiber

<) Define Line Section -Uniaxial

Define Line Section

Add Section
Modify Section
Delete Section

7 L ] E
17
13 2
18
X 5

zipper frame geametry




Define line section: elastic section

N

L/

) Define Elastic Section ~~~~ [EFOx

Define Elastic Section

Section Name : Section01 Add

Cross-Sectional Area (&) : 0

Moment of Inertia {12} :

If the model i1s 3D
-) Define Elastic Secton xR

Define Elastic Section
Saction Name : Section01
Modulus of Elasticity (E) : 29000

Shear Modulus {G) : 29000
Cross-Sectional Area (&) :

Torsional Moment of Inertia (J) :

Moment of Inertia (ly) :

Moment of Inertia {I2) :




Define fiber section: Composite patch




Define line section: fiber section

N

L/
<} Define Fiber Section

Define Fiber Section

Section Name : 1stStoryColumn|

Add Fiber: Fiber
Meodify Fiber :

Delete Fiber :
Add Patch : Quadrilateral
Modify Patch :
Delete Patch :
Add Layer :

Meodify Layer :

Delete Layer:




Define line section: quadrilateral patch

N

L/
<} Define Quadrilateral Patch
Define Quadrilateral Patch

Patch Name : CoreConcrete

Material Type : ConfinedConcrete

Lower Left Corner {yl,zl) : e e

UnconfinedConcrete

Lower Right Corner {yJ,2J) :

Upper Right Corner {ylK,zK) :
Upper Left Corner {yL,zL) :
Number of Fibers in |-J dir {nflJ) :
Number of Fibers in J-K dir {(nfJK) :
Optional Arguments :

Counter-Clockwise Rot {Theta) :
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Define fiber section: AISC patch

=} Define AISC Patch
Define AISC Patch

Patch Mame :
Material Type :
AlISC Section Name :

A50

Number of Fibers along dw {nfdw) :

NMumber of Fibers along tw {nftw) :

Number of Fibers along bf {nfbf) :
NMumber of Fibers along tf (nftf) :
Optional Arguments :

Counter-Clockwise Rot (Theta) :




<} |OpenSees Navigator 2.1
" Help | MATLAB Menu

S [E] - | 4

Area Seckions. ..

Templates:

-Bidirectional
-ElasticMembranePlate

-PlateFiber

<} |Define Area Section E]@

Define Area Section

Add Section : Bidirectional j
Modify Section :

Delete Section :

7 L ] E
17
13 2
18
X 5

h name "1stFloorBeam” h een defined/modified suct




<} |OpenSees Navigator 2.1

Templates:
-CorotationalTruss

-DispBeamColumn

-ElasticBeamColumn

-) Define Line Flement . -ForceBeamColumn

Define Line Element

-HingeBeamColumn
Add Element : CorotationalTruss j

-Truss
Modify Element : ElasticDefault j
Delete Element : ElasticDefault j _ZerOLength

element [15] has been added successfully H-17. 7B Y 16616 £0.00
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Define line element: ElasticBeamColumn

<} Define ElasticBeamColumn Element

Define ElasticBeamCoalumn Element

Element Name :
Modulus of Elastiity (8): Datavace

Cross-Sectional Area (A) :

Moment of Inertia (12) :

<} |Select Section from Database

Select Section from Database
Database : AISC
Section Name :

Direction :




Define line element: ForceBeamColumn

<} Define ForceBeamColumn Element

Define ForceBeamColumn Element

Element Name : 1stStoryColumn

Number Intergration Points {NIP) :
Section Type : 1stStoryColumn

Optional Arguments :

Mass Density (massDens) :
Maximum Iterations {maxlters) :

Tolerance {tol) :




Define element: area and solid elements

N

L/

BEE

<) OpenSees Navigator 2.3

File Edit Wiew BEENEN Assign  Analyze Output  Design Help | MATLAE Menu

DeEEE&E  Maers Y230 |2 Ele [+ HEEE
ot Templates (area):
Experimental 'Quad
Elemnents Line Elements. ..
Time Seties. .. Area Elements. ., _She”
Load Pattern. .. Solid Elements. ..
Recorders... 'BbarQuad
<) Define Area Element MS)IE3| -EnhancedQuad

Define Area Element

add Element

ModifyfShow Element :

Delete Element :

zingle solid-mesh geometry has beeh generated successtully -

Templates (solid):
-Brick8N
-StdBrick

Under development:
-Brick20N

-Quad-UP
-Brick8Nu-p-U
-Brick20Nu-p-U

-ElementsLargeDeformation

0,00 50.00 Z0.00 .




<} |OpenSees Mavigator 2.1

P | MATLAB Menu

Templates:

-Constant
-Linear

-PathFile

<} |Define TimeSeries X, -PathFileFiltered

Define TimeSeries _PathValue
Add TimeSeries : Constant j
-Pulse
Modify TimeSeries : LinearDefault j
Delete TimeSeries : LinearDefault j -Rectangular

-Sine

! -Triangle

element [15] has been added successfully #-B5.20Y173.585 £0.00




Define TimeSeries: PathFile

J Define PathFile Time Series

Fiafimea DathEila Timsa Cavias

Choose Value File
TimeSeries k

Look in: | £ MATLAE

Time Interval

Time File Nai .
by Recent

D ocuments

Value File Na

Load Factor |

ty Documents

- “'.
58
by Computer

.
My Mebwork.  File name: :':.t:-:t_::':.dat_::':..Eu:: ; ;0T 2 ﬂ
Places
Files of twpe: [“kat, “dat, “acc, "thi, “AT2, “WT2,*DT2) ﬂ Cancel

S . . . .
200 I”Il T R R RRRRRE
i

-300
0

= -

Ground Acceleration [inlsecz]

l
5 10 15 20 25 30
Time [sec]




<} |OpenSees Navigator 2.0 - Test.mat
File  Edit Define A E n Help | MATLAE Menu

B E > |+

Templates:
-Plain

-UniformExcitation

<)} Define LoadPattern

Define LoadFattern

EE&

Add LoadPattern : Plain j
Modify LoadPattern : PlainDefault j
Delete LoadPattern : PlainDefault j

vith name FO1" has been defined/madified sur

-MultipleSupport




Ip | MATLAE Menu

El»w |+ EEEE

Templates:

-BeamColumn Element
-Display

-Experimental Element

<) |Define Recorder X -Node

Define Recorder -Truss Element

Add Recorder: BeamColumn Element j

-ZeroLength Element
Modify Recorder: DefoShape j
Delete Recorder: DefoShape j Defaults:

-DefoShape

-EigenVector

load-pattern(2) with name "SACKNFO1" has been defined/modified successfully H-BR.81 ¥173.585 £0.00




a
N
-} Define Node Recorder

Define Node Recorder

2

Recorder Name :

DefoShape

| Add |

Node Number(s) :

M Envelope

Deformations :

Displacements

Velocities

Accelerations

M Incremental Displacements

M Incremental Delta Displacements

M Eigenvectors

Forces :

B Reaction Forces Without Inertia
B Reaction Forces Including Inertia
B Unhalanced Loads Without Inertia

B Unbalanced Loads Including Inertia




Define recorder: BeamColumn recorder

N

L/

-} Define BeamColumn Element Recorder

Define BeamColumn Element Recorder
Recorder Name : ElemForces
Element Number(s) :
Arguments : Global Resisting Forces
Local Resisting Forces
Section Response : © Section
Section Number(s) :
Arguments : Forces Deformations
B Stiffness
Fiber Response : © Fiber

Arguments : B Stress/Strain m Y-Coor

EEX

M Envelope

m Z-Coor




<} |OpenSees Navigator 2.0 - Test.mat

1 | MATLAE Menu

E » |+

Defaults:

-StaticDefault

-TransientDefault

-EigenDefault

<) Define Analysis Options E]@

Define Analysis Cptions

Add Analysis Options : [ New Analysis Options |
Modify Analysis Options : StaticDefault j
Delete Analysis Options : StaticDefault j

load-pattern(2) with name "SACNFO1" has been defined/madified successfully H-THAB YT




Define analysis options: new analysis

N

<) Define Mew Analysis Options E]|E|
Define New Analysis Options

Analysis Type : Transient
Constraint Handler Type : Plain Constraints
Integrator Type : Alpha0s

Solution Algorithm Type : Linear

Convergence Test Type: Energy Increment

DOF Numberer Type : Plain

System of Equations Type : BandGeneral

Integrator Type:
For example use AlphaOS Method for Hybrid Simulation
Solution Algorithm:

The AlphaOS Method requires a Linear solution algorithm




1| MATLAB Menu

El» |+ W RS

recorder(2) with name "DefoShape" has been defined/modified successfully

Node:

-SP Constraints

-MP Constraints
-Masses

-Loads
-Displacements
Element:
-Types
-GeoTrans
-Rotations

-ZeroLength Axis




Assign menu

N

L/

<) Assign Nodal Masses

Assign Nodal Masses

Replace/AddiDelete Masses :

Mass X-dir:
Mass ¥Y-dir:

Mass Moment of Inertia Z-dir :
<) Select Nodes

X-Coordinate :

Y-Coordinate :

<) Assign Element Types
Assign Element Types

Assignh Element Types :
Element Number{s) :

Element Type :

<) Assign Element Geometric Transformations

Assign Element Geometric Transformations

Assigh Geometric Transformations :

Element Number{s) : 17:24
Geometric Transformation :

Select Nodes




<) OpenSees Mavigator 2.1 - ZipperExpHS.mat

(0,000
(0,003
{0.0259,0.0259,0) (0,0,0) {0.0259,0.0259,0)
BI0,0,0 Br12 BC BEFELH B3 BI0,0,0
I /
OUd A [=T% 3
coldmn 0,00 3 0,0,00 coldmn
Br; 0,0,03 r3
0,0y
0.0269,0.0259,0) 0,0y 0.0259,0.0259,0)
0,00 0,0,0; 0,0,0)
0,0y B3 BCBC ZEOIFC B2 [Ehes )
Br 12
coldmn 0,00 i e} 0,0,00 coldmn
Br 12
0.0259,0.0259,00 0,0,0% 0.0259,0.0259,00
0,00 0,0,0; 0,0,0)
B 0,0y B1 ZCCHBy B1 BTLED,0)
colrmn colfrmn
ExpBracel
0,0,0% 0,0,0)
0,0,0) 0,0,m
CED,0) B0, 0)




<} |OpenSees Navigator 2.1 - ZipperExpHS.mat
\

File  Edit

=y = |

r

Defaults:

-StaticDefaultCase

-EigenDefaultCase

<) Define Analysis Case @@1

Define Analysis Case

Add Analysis Case : [ New Analysis Case |
Modify Analysis Case : EigenDefaultCase j
Delete Analysis Case : EigenDefaultCase j

madel "ZipperExpHS mat" has

heen loaded succes X-45 B0 £0.00




Define analysis case: new analysis case

N

L/

<} Define New Analysis Case E“E

Define New Analysis Case

Analysis Case Name :

Start from Previous Analysis Case : WhiteNoise

> |I| |i|

Load Pattern Name(s) :
EQ2
EQ3

£

Recorder Name(s) : Elem01FibC

Elem01FibCc
None

_'lll'~

£

Analysis Options Name : TransientDefault
User Defined Analysis Script :
Damping Parameters : Damping Parameters
Geotechnical Parameters : Geotechnical Parameters

Number of Load Steps {(numincr) :

=1 I —
E =]
H E B
-1 B =]
S 2
(=] =
Pl =]
(%] -
-
k.
-
<

Time Step Increment (dt) :

For Example:
Run the Time-History Analysis after the gravity load




User Defined Analysis Script

N
\J

? zet the Lest parateters

set testType MNormDisplIncr

set testTol 1.0e-5;

set testlter Z5;

test ftestType ftestTol Stesclter

# set the algorithm parameters
set algoType Frylovllewton
algorithm SalgoType

set ok O;
et tFinal [expr $num3teps * $dt]
set tlurrent [getTime]

vhile {§ok == 0 £& ftCurrent < §tFinal} {
if {fmod(jcCurrent,1) < 1.0E-18} ¢
puts "{i ftCurrentc™
i
set ok [analyze 1 §dt]

if {$ck !'= 0O} ¢
pucs "
puts [format "KrylovMewton failed (time = %1.3e), try Newton" jtCurrent]
algorithm HNewton
test ftestcType jtestTol $tesclter O
et ok [analyze 1 3dt]
algorithm falgoType

if {$ok != 0} ¢
puta rorr
putzs [format "Nevton failed (time = %1.3e), tLry Newton w/ iniCurrent™ §tCurrent]
algorithm Nevton —initialcurrent
test fteatType jtestTol ftestlter O
set ok [analyze 1 §$dt]
algorithim $algoType

if {$§ok != 0O} {

puts r L
puts [format "MNewton w/ iniCurrent failed (time = %1.3e), try Newton w/ ini™ §tcurrent]
algorithm Newton —initial

test fteatType $testTol [expr 500 * ftestlter] O

set ok [analyze 1 5dt]

algorithi $algoType

test fteatType jtestTol ftestlter O




Define analysis case: new analysis case
) Define New AnalysisCsse EOE

Define New Analysis Case
Analysis Case Name : Q1 [ Add |
Sr*} Define New Damping Parameters @@1

L Define New Damping Parameters

Damping Parameter Set Name : DampingParam01 | Add |

Region Defined by : lNodes

Mode or Element Number{s) :

Mass Prop. Damping (alphaM]) :

[Calculate |

Keurr Prop. Damping {betak) :

Kinit Prop. Damping (betaKinit) :
Keom Prop. Damping (betaKcom) :

Number of Load Steps {(numincr) :

= W ~
=] =
= =
1 =
=
=
4]
(K

Time Step Increment (dt) :




Define analysis case: new analysis case

-} Define Mew Analysis Case

Define New Analysis Case

Analysis Case Name :

Start from Previous Analysis Case :

Load Pattern Name(s) :

Recorder Name(s) : Elem01FibC
Elem01FibCc

Analysis Options Name : TransientDefault

User Defined Analysis Script: THAOption.txt

Damping Parameters : | Damping Parameters |

Geotechnical Parameters : ' Geotechnical Parameters

Number of Load Steps {(numincr) : 20480

Time Step Increment (dt) : 0.00390625




<) OpenSees Mavigator 2.1 - ZipperExpHS.mat
2 Help | MATLAE Menu

HE |+

1. Set OpenSees.exe Path (needs to be done only once)

Quik

heen defined/modifie




Run OpenSees: write TCL files

N

L/

<) OpenSees Mavigator 2.1 - ZipperExpHS.mat
File Edt Miew Define Assign Analyze Output Design Help | MATLAB Menu

DS 2880 |y XZYZ230 |y Ew |+ N NS

Steps:

2. Write OpenSees Input Files (writes TCL files)

3. Run OpenSees

Running OpanSess

running OpenSees analysis, please wait

recarder(5) with name "Eigenvectar" has been defined/modified successfully ~ #-4555Y171.60 £0.00




<} |OpenSees Navigator 2.1 - ZipperExpHS.mat
Help | MATLAE Menu

E » |+

First:

Load OpenSees Results

r*} Load OpenSees Results E@1

Load OpenSees Results

Select Analysis Case(s) : EigenDefaultCase [ Load '|
ACNFO1Case0 1 e




<) OpenSees Navigator 2.1 - ZipperExpHS.mat
File  Edit

0 W& P




<) Plot Deformed Shape

File Edit View Insert Tools D Window  Help

Exl | * Dofoships - Time = 3347

2 en ANa ase Recorae Orae a0 atlo




<) Plot Element Forces

File Edit View Insert Tools D Window  Help

[ 53 1
-} L1

u 2 ]
-] L1

[ £ u

B a

Exl | * e . Time = 3347

2 en ANa ase Recorae REeSPONSE a0 atlo




 PlotModeShape X

File Edit Wiew Insert Tools Desktop ‘Window Help

EXN E23 DN AR genvecte : Period = 0.345

A atlo Deeg ANa ase Recorae ode ad atlo




Post processing: plot response histories

N

L/
<) Plot Response g@@

Display | MATLAE Menu £

Ded&E kh KO E 08 503

LAZ2YY
2
¥ 3355 [
1 1.557 : : ; : Dsp(10,1)
P N SO | L . e S S Dsp(13,1) ||
r Dspi16,1)

Dsp

=
=
=

- : Defoshape - lDsp - M16 - H L

| |

AnalysisCase Recorder Parameter Node/Element DOF




Post processing: plot response spectra

N

L/

<) Plot Response Spectra
Display | MATLAE Menu

Ded&E kh KO € 08 803

Response Spectra

EIBX

a

1400 T
— LAY ¥ (psdAce 0.05)
: ; : ; FirstFloorSpectrajpsdicc 0.05)
1200 = -----pp === - - jE oo - R e e R Ry R R —
L R B R R R e e e e R R DR e LR DR —
800 - —ffy oo M B b t i’k - S —— -
(=] ) " ' ' ' '
o L
=T
=
= : ; : ; ;
L e e R e e Rt P RREELEELEEELLEEEE R BEEELEELEEELEEE —
aon S S A .
L T - — -
i
0
245 3

FirstFloorSpectra

FirstFloarSpectra

Spectra Name

-l

j psdfce

Response

j J Linear j
-Woos - Wiinear -]

Damping  Axis Scale




Post processing: animate response

<}|Animate Response

E=3 = KL o Defo EZN  Low- 200




Post processing: animate response

<}|Animate Response
MATLAE Menu  File







El 3 D GO O T m

Load =

oma




esl|o A Nesio D0IDC

File  Edit

b &

Wiew - gn  Anal ut PRETGM Help | MATLAB Menu

AISC B Show Available Sections. .. l—_

[

Database Inquiries:

-Show Available Sections

-Find Section Properties
-Find Matching Sections
Design Checks:
-Bending Capacity

-Compression Capacity

-Shear Capacity

-PMM Interaction

i Y171.60 Z0.00

madel "ZipperExpHS mat" has heen saved successfully




AISC design toolbox: section properties

N

<} Find AISC Section Properties

Find AISC Section Properties
Section Shape :

Section Parameters :

Tickness of the weh (W,M,% only) - tw
Tickness of the flange (W,M,S only) - tf

<} Output

AlSC Section Properties

The requested parameters are :

name = W24x68
shape = W
A= 20.1
d = 23.7
Ix = 1830
Iy = 70.4




AISC design toolbox: matching sections

N

<} |Find Matching AISC Sections

Find Matching AISC Sections
Select Section Shape : WISM
Add Parameter : Min :

Modify Parameter :

Area- A
Delete Parameter :

Area - A
Sort by Parameter :

Area - A

<} Output
Matching AlISC Sections

There are a total of "19" sections available:




AISC design toolbox: bending capacity

N

Bending Capacity of AISC Section

Section Shape :

Unkraced Length {Lb) : [in]

Bending Coefficient {(Ch) : [

Yield Stress {Fy) : [ksi]
Modulus of Elasticity (E) : 29000 [ksi]
Direction : strong

Mote: The AISC Bending Capacity check is only applied to AISC rolled WISIM/HSS sections.

<} Output
AISC Bending Capacity

capacity for section W24xad
120 in
1
50 ksi
29000 ksi

Flange_Compactness = Compact

Wsb Compactness = Compact

Capacity = 7203.19

FailureMode = Lateral torsional buckling




AISC design toolbox: compression cap.

N

<} AISC Compression Capacity @|§|
Compression Capacity of AISC Section
Section Shape :
Effective Length {kLx) : [in]
Effective Length {kLy) : [in]
Yield Stress (Fy) : [ksi]

Modulus of Elasticity (E) : [ksi]

MNote: The AISC Compression Capacity check only applied to AISC rolled WIS/IMIHSS sections.

<} Output

AISC Compression Capacity

Compression capacity for section W14x68 :
With kLx = 144 in

kLy = 144 in

Fy = 50 ksi

E = 25000 ksi

Section_Slenderness = Hone flender

phi = 0.85

FailureMode = Inelastic buckling {(Qs{flange) = 1, Qalweb) = 1)
Capacity = 661.6242




N

AISC design toolbox: shear capacity

Shear Capacity of AISC Section

Section Shape : W24 x68 | Calculate

Distance between Stiffeners (a) : 4 [in]

Yield Stress (Fy) : [ksi]

Modulus of Elasticity (E) : 29000 [ksi]

Mote: The AISC Shear Capacity check is only applied to AISC rolled WISIM sections.

AISC Shear Capacity

The Shear Capacity parameters are

T tw p = 78.2264

T tw r = 97.4274

T tw = 49.8795

phi = 0.9

Capacity = 265.5585

FailureMode = Reaching vielding capacity 0.6%Fy




N

AISC design toolbox: PMM interaction

<} AISC PMM Interaction Check

PMM Interaction Check of AISC Section

Section Shape :

Yield Stress (Fy) :
Modulus of Elasticity (E) :
Demand :

Applied Axial Force {Pu) :

Applied Moment about X axzis (Mux) :
Applied Moment about Y axis (Muy) :

Compression :

Effective Length {kLx) :
Effective Length {kLy) :
Bending :

Unbraced Length (Lb) :
Bending Coefficient {Ch) :

W24 <68

EEX

[ksi]
[ksi]

[kips]
[kips - in]
[Kips - in]

[in]
[in]

[in]
[-]

Mote: The AISC P-M interaction check is only applied to AISC rolled W/S/IMIHSS sections.




OpenSees Navigator — Hybrid simulation

N

-} OpenSees Mavigator, 2.1 - ZipperExpHS.mat

File Edit W%ew Define Assign Analyze Output  Design

hedE | 280 XY ¥Z YZ 3D

MATLAE Menu

+ 7t f e

Help

Senscr| Caibation| Shurt| OffzebZer| Linz|
453218 G Corsitonss

Eratle Marusd Command

Achuzro | Comard)

§
= =l %]
|

Jinisiock ] Resst
- Limit Detectors | fror Getectrs |
I e Poian1 _ Fasbiss
b =B UpperLimit  Upper Action Lower Limit  Lowes Acion
netustart Dipiocer | | TN rvooc <] | o
e

netumtor 1 Forco, | | NN [aocs <1 | N v

Zoun

EJ0pont resca_mhEES.mtscs - WIS Computer Simulation Configurator

a2 A XD

EAMITS 790 Prjecti ProjsciOponk rosco_nNEES | ot Pt Do Fromim ol S
— & CopalPeri 81 A S DO 31 o
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« ,
20y
" © ) 0 a0 P

< »
Tima (562

Statvn, Operfress JEES <TG
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OpenSees result files loaded successfully 114517018 Z0.00




Summary and conclusions

N

‘@ OpenSees

= A powerful software framework which is capable for
conducting sequential and parallel, grid-enabled finite
element applications.

# Hybrid simulation interface (OpenFresco)

# OpenSees Navigator
= Flexible and user friendly graphical user interface.
= Great tool to visualize structural behavior.

= Easy way to study material, section, element or
system behavior.

= Many design toolboxes: NSP, PBEE, AISC design
checks, AISC database, response spectra for linear
and bilinear systems and signal filtering.

# Both MATLAB Pcode and self-executable versions
are available |




Websites:

N

OPENSEES NAVIGATOR

Home Intropucion  Mawuars  Tutoriws  Presewtamions  Discussion  Upoates  DownLoaps Links

Homes=

Dear OpenSess Nangalor users.

Thanks for your interest in OpenSees Navigator. This program is intended 1o be self-explanatory,
newverthaless a basic user manual will be addad to the website shorthy. W are very happy to have the
oppotunity 1o distnbate this software for OpenSees Niragalor users. Wi ancourage everyons o try out
all of the functions of the program and send us crticism, comections or suggestions ta improve future
versions. VWe also encourage users o e.mal us al eiber andreas schelenbergigmal com o

il 50 that we can add the ¢-mail addresses to the OpenSees Navigator user
WSt Wi will use such NSt to contact avaryone abolt New releases or major updates. W will try our best
o improve the ned release.

Thank you
Please feel fres to visil our websites to discover inwhat other fun research we are imoheed

Androas Schellenberg & Tany Yang

[] Hi# Countes

Download information:
OpenSees 2.2 Is available at

HOME USER

Capabilities | Docs

NEES NEESit

DEVELOPER PROJECTS SUPPORT PARALLEL SITE MAP

Examples | Message Board | Dowmload = Bug Report | Tools

HOME

MESSAGE BOARD
USER DOC
DOWNLOAD
SOURCE CODE

BUG REPORT

To customize the
quicklinks, go to
Site Map

http://opensees.berkeley.edu

OpenSees Executable Distribution

Current version is: 2.0.0

Your last download was on Mon Nov 3 18:33:09 2008,
and the version was 2.0.0.

OpenSees executables for Windows 98/2000/NT/XP/Vista are available for download. The current
version of OpenSees has been tested and is generally stable. However, users may encounter
problems when running a new problem for the first time. For that reason we we strongly encourage
you to participate in the various message boards hosted by OpenSees. And please report any bugs
you find! That, of course, is the whole reason we make these binaries available.

OpenSees uses Tcl/Tk, a general purpose scripting language that we have extended with commands
for OpenSees. It is necessary to download a DLL for the Tcl/Tk interpreter.

The first step is download the two files below. The first file a zip file containing the OpenSees
executable. The second file is a self-installing executable for Tcl/Tk.

Mote that for those of you who have downloaded before, YOU WILL HAVE TO INSTALL Tcl/Tk LIBRARIES
AND HEADER FILES AGAIN. This is because we have upgraded to Tcl/Tk Version 8.4.6

OpenSees Navigator 2.5 is available at

http://peer.berkeley.edu/OpenSeesNavigator



http://opensees.berkeley.edu/
http://peer.berkeley.edu/OpenSeesNavigator

N

Thank you for your attention!

Contact information:
Tony Yang, yang@civil.ubc.ca,
http://peer.berkeley.edu/~yang

Andreas Schellenberg, andreas.schellenberg@gmail.com

Eiji Kohama, ekohama@agmail.com



mailto:yang@civil.ubc.ca
http://peer.berkeley.edu/~yang
http://peer.berkeley.edu/~yang
http://peer.berkeley.edu/~yang
mailto:andreas.schellenberg@gmail.com
mailto:ekohama@gmail.com
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