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Example Structure

Q Structural Configuration
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Example Structure

Q Loading

Scaled Record vs. Vancouver UHS
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Example Structure

aQ OpenSees model

Truss element

Node 3 5 Nodeg Lumped mass

Truss element
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Simulation Method

aQ Decomposition

P -
P 4 e
4
s
N
(3 (3 —7]
-
A -
A ”
” - -
— +
~ ”
”
”
”
7
Complete model Integration module Substructure module

2017 UT-SIM Workshop



Simulation Method

Q Integration module - OpenSees
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Simulation Method

Q Integration module — OpenSees

& Complete model

putz "Define Elements";

element corotlruss L | . | ; # DRE decfined &3 & Lruss Element
element elasticBeamColumn 2 1 3 £L4c (E £Ic ETFramer # Column Element Between Nodes 1 = 3
element elasticBeamColumn 3 2 4 Lo (E £Ic E£TFramer # Column Element Between Nodes 2 2 4
element corotTruss 4 3 4 2 » 4 Beam Element Defined
¢ Integration model
putz "Define Elements";
element SubStructure 1 -file Structfile.txt -Einit Kinit.txt
element elasticBeamColumn 2 1 3 £L4c £2E £Ic £TFramer # Column Element Between Nodes 1 = 3
element elasticBeamColumn 3 2 4 Lo £2E £Ic £TFramer # Column Element Between Nodes 2 = 4
element corotTruss 4 5 4 Z» £ Beam Element Defined

Day2: 9:00 — 9:45, Integration Module 1 — OpenSees, Pedram Mortazavi
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Simulation Method

aQ Communication overview
& OpenSees to OpenSees

Element 1

Element 2

OpenSees 1 NICA

Substructure >
Element DataExchange.dll TCP-IP DataExchange.dll
(SubStructure.dll) <
Kinit.txt [

Structfile.txt

OpenSees 2
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Simulation Method

Q Communication overview
& OpenSees to OpenSees

Integration NICA OpenSees

UTNP Named Pipe
Displacement d1 “ pattern Plain 999999 Constant { 4 Run analysis
| sp $node $DOF $d1 |

UTNP Filel 1/0 v
Restoring force rl h Read measured force and disp h Output.txt
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Simulation Method

O Communication overview
& OpenSees to C++/MATLAB

Element 1

Element 2

OpenSees

C++
or

MATLAB

Substructure >
Element DataExchange.dll TCP-IP DataExchange.dll
(SubStructure.dll)

A

T
Kinit.txt

Structfile.txt
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Simulation Method

O Communication overview
& OpenSees to C++/MATLAB

Integration § C++/MATLAB

UTNP

Displacement d1 ) Ko*d1

UTNP v
Restoring force rl _ Restoring force
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Substructure modules

aQ Communication configuration

% Port number
& Interface nodes and DOFs

(7, 8,9) (10, 11, 12)
Node 3 Node 4
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-7 (X, Y, rz)
z?;:,, =
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1, 2,3) (4, 5, 6)

Node 1
(1, 2,3)

(4,5, 6)
Node 2
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Substructure modules

aQ OpenSees
& Example folder

« UT-5IM ¢ deliverable » OpenSees - OpenSees » NICA v O Search MICA =)
Mame Date modified Type Size
[%| DataExchange.dll 2015-05-11 237 PM  Application extens... 13 KB
I._Ef MICA.cfg 2017-03-25 226 PM  CFG File 1KB
B NICA.exe 2015-06-20 833 PM  Application 171 KB
I.._W Sub.52(BRE).tel 2016-11-20 %49 AM  TCL File 3KE
I.._Ef Units.tcl 2016-10-11 203 AM  TCL File 3KE
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Substructure modules

a OpenSees
& NICA.cfg

File Edit Format View Help

# Connection port to NICA
Port = 8890

# Control node numbers
: snce of nodes should be consistent with Nodes in SimCor.

# Model dimension

# MNote: This tag is used only for OpenSees and fAbaqus. Ignore for other analysis types.
# In the current version, 20 3DOF system and 3D 6DOF system are supported.
MDL_Dim = 2

# Effective DOFs in control point.
: 1.The sequence of DOFs should be consistent with sequence of DOFs in UI-SimCor.
2.Use one line per each controlled node.
.For 20 3DOF model, use DOF 1, 2, 6 (not 1, 2, 3) for x, y, rz DOFs. It is set as x,y,z,Rx,Ry,Rz

]
5]

file name (include extension)
Sub.52(BRB).tcl

Ln1, Coll
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Substructure modules

= sub.52BRE)tel £

Q OpenSees -

2 # MODEL INPBUTS
3 source Units.tcl; & Source the Unit Conwversion file
& Sub.S2(BRB).tcl | -
5 model basic —ndm 2 -ndf 3; # 2D model, 3 DOFs per node
7 set Lc [expr 3.3*:m]; # set the length of columns to 3.3 meters
8 set Lb [expr 4.0%*:m]; # set the length of the beam to 6.0 meters
9 set E [expr al; # Modulus of Elasticity of Steel
10 # Yield Stress of Steel Material
11 c*:Lc + $Lb*:Lb ) }]- # Length of the brace
2 r & Area of the ERE 3teel core
13
14 B e
15 puts "Building Model Geombtry":
16 node 1 0 07
17 node 4 £Lb £Lc;
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putz "Defining Material/Sections";
set Pt [expr £

[y

Constraints command

vkshbr]; # Brace Yield Force

1
1
22 set Kb [expr $E*:Lbr]; # Brace stiffness in local coordinates
Numberer command | et
25 set
System command 26 set
27 set
Test command 28 set
29 set
H 30 set ad 1.0;
Algorithm command |
2 zet matTag 1;
Integrator command 33 uniaxialMaterial Steel02 smatTag &Pk &K &b R0 &cRl £cR2 sal a2 a3 sad ssiglnit:
34 gection Uniaxial 1 1 B; # BEB Section Defined
Analysis command B
31 Iuts "Define BEB Element in H3";
B
Analyze Command g element corotIruss 1 1 4 1; # BEB defined as a truss element
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Substructure modules

aQ OpenSees

% How to run simulation

= Run NICA.exe. In NICA program window, it shows ‘waiting for
connection’.

= Run OpenSees integration module.

= Once the connection between the integration module and
substructure modules is established, the ‘Press Enter to continue’
message will appear in NICA command window. Click on the NICA
command prompt and press Enter.

2017 UT-SIM Workshop

17



Substructure modules

aQ OpenSees
& Linear analysis

Top Storv Lateral Displacement Time-History
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Substructure modules

aQ OpenSees
& Nonlinear analysis

Top Story Lateral Displacement Time-History
80

Complete Model
— — Hybrid Model
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Substructure modules

a MATLAB/C++
& Communication configuration (i.e. MATLAB)

clear all; close all; clc

loadlibrary('./DataExchange.dll"', './DataExchange.h');

% define socket wvariables
PortHumber = 2090;

zockfd = 0;

flag = 2;
% define initial stiffness matrix
Einit = [22.%621 12.82920 0 =-22.%621 -12.6282 0 (4’ 5’ 6)
12.6292 6.94805 0 -12.6292 -6.94605 0 NOde 2
O O 0 0 0 0
-22.9621 -12.6292 0 22.%821 12.8292 0
=-12.62592 -6.94805 0 12.8282 6.94805 0
0 0 0 0 0 0]:

Node 1
1, 2,3
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Substructure modules

O MATLAB/C++

& Main loop (i.e. MATLAB)
= Recelive displacement

case Impose TargetValues

% calculate the =ize to be appended to the message header
len=s = calllib('DataExchange', '"indicator'):

freceive displacement from OpenSees

rdata = libpointer('douklePtr', =zeros(len=,1)):;

calllik('DataExchange', 'RecvData', sockfdl, rdata, lens, TCP IF);

di=spl = get (rdata, 'wvalue');

= Send restoring force

case Report Values

% calculate the =ize to be appended to the mes=sage header
len= = calllib('DataExchange', 'indicator'):

Can be replaced with the

% calculate restoring force | . h f I. |
[Tores = Famit + aieriy] < _ algorithm for nonlinear elements

adata = [di=spl; force]:

zdatal = libpointer|'doukleFtr', =data):;

% zend force to OpenSees
calllik('DataExchange’, 'SendData’, sockfdl, =datal, lens, TCF IF):
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Substructure modules

a C++/MATLAB
& Linear analysis

Top Story Lateral Displacement Time-History
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Thanks for your attention!
Questions?
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