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Abstract

OpenSees is a numerical-simulation framework capable of modeling large structural and geotechnical systems as well as
easily manage large number of simulations of such structures. Structural engineers in the profession, however, have been
reluctant to use it because of its lack of an integrated graphical user interface (GUI). While visualization via a GUI is critical
in building and validating a numerical model, it limits the efficiency of building complex models. SeismiCAE is Computer-
Aided Engineering tool with a user interface (Ul) developed to address these limitations by integrating a graphical interface
(useful for visualization) with a scripting interface for numerical simulation in OpenSees. The scripting interface is critical
in enabling the user to include programming features into the building of the model and analysis procedures. The
programming features, such as logical statements and array manipulation, allow more control in the generation of multiple
variation of a model, ease in modifying the model, and efficiency in running large numbers of simulations. In addition,
SeismiCAE includes a library of commands that simplify the model input by using a format that is more intuitive to an
engineer than the basic OpenSees commands. Because SeismiCAE runs OpenSees in the background, model-building and
simulation runs can be executed interactively or via scripting models. The structural response can be visualized in real time
during the analysis. The post-processing features of SeismiCAE also allow interactive visualization of results. Because of its
ability to handle large numbers of simulations, a risk-analysis module is currently being developed for SeismiCAE to handle
Risk-Assessment analyses.
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1. Introduction

. )

OpenSees is a numerical-simulation framework capable of modeling large structural and geotechnical systems as
well as easily manage large number of simulations of such structures [1]. Structural engineers in the profession,
however, have been reluctant to use it because of its lack of an integrated graphical user interface (GUI). While
visualization via a GUI is critical in building and validating a numerical model, it limits the efficiency of
building complex models.

SeismiCAE is Computer-Aided Engineering tool with a user interface (Ul) developed to address these
limitations by integrating a graphical interface (useful for visualization) with a scripting interface for numerical
simulation in OpenSees. The scripting interface is critical in enabling the user to include programming features
into the building of the model and analysis procedures. The programming features, such as logical statements
and array manipulation, allow more control in the generation of multiple variation of a model, ease in modifying
the model, and efficiency in running large numbers of simulations.

In addition, SeismiCAE includes a library of commands that simplify the model input by using a format that
is more intuitive to an engineer than the basic OpenSees commands. Because SeismiCAE runs OpenSees in the
background, model-building and simulation runs can be executed interactively or via scripting models. The
structural response can be visualized in real time during the analysis. The post-processing features of SeismiCAE
also allow interactive visualization of results. Because of its ability to handle large numbers of simulations, a
risk-analysis module is currently being developed for SeismiCAE to handle Risk-Assessment analyses.

2. SeismiCAE Features

SeismiCAE is a library of Tcl procedures (commands) used to build a database for numerical simulation of
building frames. Structural materials, sections, elements, models, analyses, loads and load combinations created
in this database. Structural models can be Elevations, Plans, or 3DModels, which combine elevations and plans.
Procedures are included to perform the numerical simulation using OpenSees. The OpenSees recorder data is
post-processed into more accessible format.

There following are the main objectives to the SeismiCAE program:

o Generate numerical-simulation input in a manner consistent with architectural/structural drawings

Interchangeable User Interface: scripting and graphical

Programmable input file via Tcl script commands

Direct integration with OpenSees — run OpenSees real-time

o Create a database of all structure and simulation data

o Maintain flexibility and power of OpenSees while keeping it simple
e Be able to run on a number of platforms, just as OpenSees can

SeismicCAE relies on two types of User Interface: the scripting interface and the graphical viewer. The
following are the key features of the scripting interface:

o Generate building-model data
o Materials
0 Sections
o0 Element Types
0 Analysis Models
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0 Loads (Gravity & Lateral)
0 Load Combinations

o Models
= Elevations
= Grids

= 3D Frames
Generate analysis-model data
Generate loading and load-combination data
Generate OpenSees model of building
Perform OpenSees numerical simulations
Post-Process OpenSees recorder output into formatted data
Generate OpenSees input files
The graphical user interface has the same capabilities as the scripting interface, with the exception of the ability
to program the input by using logical statements. The following are the key features of the viewer:
Graphical User Interface (GUI)
» generate and/or visualize ALL input graphically
» Save ALL input into script
»  Perform numerical simulations using OpenSees interactively
» Visualize OpenSees simulation real-time
»  Visualize simulation results interactively
e Export simulation results

3. SeismiCAE Language

By using the procedure features of TCL, SesimiCAE specific commands have been developed to enable an
efficient and effective language to build models, define analyses, run these analyses, post-process the results, and
display these results. These commands can be integrated with the TCL scripting language, which uses arrays and
logical functions, to create an efficient and expandable input file.

Examples of these additional commands are shown in the figures 1-4 below.

# ELEMEMT SECTION
addSectionData SectionLabel 30x30RCRectFiber
dSectionData SectionDescription 'Square Rectangular RC Section™
SectionData SectionModelLapel RCRectFiber:
SectionData H 30%$in;
SectionData B 30*$in:

# MATERIALS
# Core Concrete (Default confinement effects)
addMaterialData MaterialLabel 4ksiConfinedConcrete
addMaterialData Material ModelLabel ConfinedConcrete:;

addMaterialData Fe 4000.*$psi: SectionData MBarBot 6; # number of bottom longitud
addMaterial SectionData NBarTop é: # number of top longitudinal
dSectionData NBarInt 6: # total number of intermedic

addSectionData BarSizeBot #9:

# RC Column ElementTypel T 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 CoverMaterialLabel 4ksiUnconfinedConcrete:
addSectionData Reinforcement MaterialLabel 60ksiReinforeingSteel:
addSection

addElement TypeData ElementTypeLabel RCColumn:
addE lement TypeData Element ModelLabel beamWithHin
addElementTypeData PlasticHingeLengthModelLabel Pri
addElementTypeData TransformationType Linear
addElementType :  #

Fig 1. Material, Section & Element-Building Commands
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ModelData ModelLabel RCTestFrame2Story2BayBbraced
addMedelData ModelDescription "RC MRF. 2-Stery. 2-Bay”
addModelData Model Typelabel Elevation

addMedelData -Geomatry Height 16" \$t StoryRange "1 2"
addModelData -Geometry Width 20°\§#t Bay 1
addModelData -Geometry Width 307 \$ft Bay 2

addMedelData -Baame SectionLabel 30x60RC Fiber "1 2" FlaarRange "2 3"
oddModelDato SupportBC fix

oddModel Dato OutOfFlone SupportBC pin

oddMedelData RigidFleor OFf

addMedelData JeintOffsetsSwitch on

oddModelDrata TributaryWidth 5.\ ft

addModelData -GravityLead LeodLabel DL FloorRange "2 3" DistributedLoad 100 \§psf
addModelData -Gravityleod LoodLabel LL1 FloorRange “2 3" DistributedLoad 74 *\§psf

add Mode|

addMedelData -Celumns SectionLabel 30x30RCRectangularFiber ColumnLineRonge 1 3" SteryRenge "1 2" Orient Rotated

addMedelData ~ChevronBraces SectionLabel W12x16 BayRange "1 1" Story "1 2" Eccentricity 4. 7\$ft

# 30 Frame|

oddModelDate MedelLabel 30BuildingFramehe

addModelData MedelDeseription "Let's try It"

oddMedelData Medel TypeLabel 30Frame

oddModelData PlonModelLobel 2x2Floor

oddModelData RigidFloor OFf

eddModelData -addElevation ElevationMedelLabel RCTestFrame2Story2Bay A iGridlineLabel “0.0"

addModelData -addElevation ElevationModelLabel RCTestFrame2Story2Bay A iGridlineLabel "10.0" TributaryWidth 12.57\§ft
addModelData -addElevation ElevationMadelLabel RCTestFrame2Stary2Bay A iGridlineLabel "25.0" TributaryWidth TENG
oddModelData -oddElevation ElevationModelLabel R TestFrame2Stary2BayBbraced iGridLinelabel "A " TributaryWidth 2.5 \$ft
oddModelData -oddElevation ElevationMadelLabel RCTestFrame2Story2BayBbraced iGridlineLobel “B" TributaryWidth 5. \§ft

lodd Model

it Ploo
oddModelBata ModelLabel 2x2Floor
oddModelData ModelDescription “1-Bay by 1-Bay Floar Flan™
eddModelData Medel TypeLabel Plan
addMeodelData iVerticalGridLinelabel "00 100 250"
[ModelData iHori zontalGridlinelobel "4 B £
Modelata -Horizontal BayWidth Bay 1 Width 20\§ft
Modelata -HorizontalBayWidth Bay 2 Width 301§t
IData -VerticalBayWidth BayRange "1 2" Width 571§t
I

Fig. 2. Example of SeismiCAE language to build models

# Gravity Analyses

addAnalysisModelData AnalysisTypelLabel LoadControl:
addAnalysisModelData Tolerance 1e-8;
addAnalysisModelData Nstep 12;

addAnalysisModelData AnalysisModelLabel Gravity Analysis:

addAnalysisMedel;

# Pushover Analysesl

addAnalysisModelData AnalysisModelLabel Pushover AnalysisVerySmall Steps
addAnalysisModelData AnalysisTypeLabel DisplacementHistory
add AnalysisModelData DisplacementIncrement 0.01%\$in

addAnalysisModel

i - -

addAnalysisModelData AnalysisModelLabel Pushover AnalysisSmall Steps
addAnalysisModelData AnalysisTypeLabel DisplacementHistory
add AnalysisModelData DisplacementIncrement 0.1"\$in

addAnalysisModel

# Dynamic Analyses|

addAnalysisModelData AnalysisModelLabel ShortDynamicTimeHistory Analysis:

addAnalysisModelData AnalysisTypeLabel TimeHistory
addAnalysisModelData Tolerance le-6:

add AnalysisMedelData Dt Analysis 0.1*\$sec

add AnalysisMedelData TmaxAnalysis 10*\$sec
addAnalysisMedel;

Fig. 3. Defining Analysis Models
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addLoadData LoadLabel StaticPushover: # STATIC PUSHOVER |

addLoadData Load TypeLabel LateralPushover: # options: LateralPushover, UniformEQ, UniformSine
addLoadData DMax 1.*\$in: # maximum displacement

addLoadData ControlMNodeFloor top:

addLoad addLoadData LoadLabel StaticCyelic; # STATIC REVERSED CYCLIC LOADING
addLoadData LoadTypeLabel LateralPushover:

addLoadData CycleType Full: # full cycles. Options: Push, Full, Half
addLoodData DMax "0.005 0.01 0.05 0.075 0.1"; # List of peaks, set as a factor of
addLoadData DMaxFactor BuildingHeight: # building height

addLoadData ControllNodeFloor top:

oddLoad addLoadData LoadLabel EQ1: # EQ TIME-HISTORY |
addLoadData LoadTypeLabel UniformEQ:
addLoadData GMfactor \$g: # ground-motion input-
addLoadData GMdirectory "GMfiles™; # directory where ground
addLoadData LoadLabel EQ1Bidirect: # EQ TladdLoadData FileType "PEER": # ground-mation file type
addLoadData Load TypeLabel UniformEQ2D: addLoadData GMfilename "H-E12140.at2";  # ground-motion filename
addLoadData GMfactor \$g: # grofladdLoadData GMdirection X: # lateral dof for ground nf
addLoadData EMdirectory "&Mfiles"; # directladdLoadData GMfactor 1.; # scaling of ground motiol
addLoadData FileType "PEER": # groundladdLoad

addLoadData 6Mfilename X H-E01140.at2;  # ground-motion filename for input
addLoadData GMfilenameZ H-E01140.at2;:  # ground-motien filename for input

addLoadData &M factorX -15; # scaling of ground motion for input
addLoadData M factorZ 10: # scaling of ground motion for input
addLoad

Fig. 4 Defining Lateral Loads

4. SeismiCAE Viewer

All the model and analysis-building commands that can be defined through a script can also be defined using the
graphical interface. All the input created via the viewer can be saved and modified in a text script. Figures 5-7
show how materials and sections are defined in the viewer. The graphics of the cross-section geometry and
material and section response are updated real-time by calling OpenSees to run in the background.
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Fig. 5. Defining Materials in Viewer



16" World Conference on Earthquake Engineering, 16WCEE 2017
Santiago Chile, January 9th to 13th 2017
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« Elastic
« ElasticNoTension
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« Parallel
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Figure 7. Defining Cross Section in Viewer
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Models are built by first defining all the elevations and a basic grid structure, as shown in Figures 8 and 9.
The 3D models are then built by assembling the elevations on a grid, as shown in Figure 10.

hodel Type Lahel:
Select Model Typelaby

Plan
3DFrame

2 orers rach Bcewtrcty | GomtrLomd sl GrevtvL s Vakan
Wittt | Hoasaterany — | cotma — | o Frearsesr—

B

Fig. 8. Defining Elevation in Viewer
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Fig. 9. Defining Generic Grid in Viewer
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Fig. 10. Defining 3D Model in Viewer

Even though it aims to improve the simplicity and efficiency of building a model, running the analyses
and postprocessing, SeismiCAE has all the flexibility of OpenSees. While only one input is necessary to define
an analysis, the modeler can modify all default values. The default values provide a guideline for the user. An
example of this flexibility is in the definition of the analyses models, as shown in Figure 11.

|New AnalysisModel|

Detault Units:
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AnalysisType Label: —‘
Select AnglysisTroesl skt |
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Figure 11. Defining the Analysis Model
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Once a library of models and load combinations has been defined, the user selects all models and all load
combinations to be run consecutively, as shown in Figure 12. The run may be started via a batch-file command,
or through the Viewer. The modeler has the option to visualize, in real-time, the model as it is run by OpenSees,

as shown in Figure 13.

~Models (Select all that apply):
All | Mane

wigA

[T TransverseFrameCnLingl (Elevation)
[~ TransverseFrameCnling2 (Elevation)
[T TransverseFrameQnLingd (Elevation)
[¥ TransverseFrameOnlinedtalq (Elevation)
[T TransverseFrameOnLine12 (Elevation)
[~ TransverseFrameOnlingd3 (Elewvation)

W TransverseFrameQnLinet4 (Elevation)

view | [T LongitudinalFrameOnlines, (Elevation)

wigw

wig

[~ LongtudinslFrameCnLinel (Elevation)

GeneralizedFloorGrid (Plan)

[V 3DBuilding (3DFrame}|

wiew

[~ GravityDLonly
[T GravityDLancLL

rLoad Combinations (Select all that apply):
Al Nonel

V¥ Gravity1 7TDLand1 4LL

[T RealyShortStaticPushover

¥ staticPushoverLargeSteps

[T StaticPushoverLargeSteps?

[~ PushToTenPercertDrift

[~ PushToTenPercertDriftZ

[V FullCyeles1
I-%JIIC\;CIEQ
[T ShortHalfCycle

| [T ShortHalfCyclel

[ Display Deformed Shape

Scale Deformations:
10

oo 20 4.0

B0

[V Display Responss Graph

I¥ Process Data for Modeling Results (may take time)

Analyze

Figure 12. Running Analyses in OpenSees
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Fig 13 Real-Time Visualization of OpenSees Analysis




16" World Conference on Earthquake Engineering, 16WCEE 2017
Santiago Chile, January 9th to 13th 2017

6. Analysis Results

One of the most powerful and useful features of SeismiCAE is its post-processing capability. The OpenSees-
recorder data is processed so that it can be visualized in the viewer, as shown in Figures 14, or uploaded to a
database program. The viewer is useful in evaluating the results of an individual analysis. The database
processing is useful in combining the results from many analyses.

30Bulding
EidirectionalEQ1 1:2556c
Chck on ae Element  Elersent Reipanas

PTe— 1
L] O
S o o
3 =
I T T
Selact Stcry 1 View
a

Tebeet Elevations DMDFF & VieaPlsnt

=

Fig. 14 Analysis-Results Viewer

In the post-processing viewer the user can visualize the deformations at the structural level, as shown in Figure
14 and 15, as well as at the material-fiber level, as shown in Figure 16.
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Fig. 15. Nodal Displacements
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Fig. 16 Material-Fiber Response
All force and deformation diagrams are also available in the viewer, as shown in Figure 17.
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Fig. 17. Element-Response Diagrams
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7. Example Application
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SeismiCAE was used to model the base rocking of a 10-story RC frame with core wall for the ATC-83 project

on Soil-Structure Interaction, as shown in Figure 18 [2].

Model: WCbldgFlexBase
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Fig. 18. Example Application

8. Conclusions

SeismiCAE is a powerful tool that integrates a scripting interface with a graphical user interface to run real-time
numerical simulations using OpenSees. SeismiCAE is not a pre- and post-processor, it is a completely new
scripting and graphical interface which optimes the efficiency of building the OpenSees models, running the
analyses in real time, post-processing, and visualizing the results.
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