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Section 1

OpenSees — OpenSees Multi-Platform Simulation
UT-SIM Example Manual Chapter 3
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OpenSees — OpenSees Simulation

Q Communication Overview

Element 1

Element 2

OpenSees NICA OpenSees 2

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

T V'S
Kinit.txt |— {

Structfile.ext \ NICA.cfg

- element SubStructure SeleTag [Hile Structfile txt|-Kinit Kinit txt;
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OpenSees — OpenSees Simulation

aQ Communication Overview
& Located in the folder containing the integration module

| Structfile.txt - Notepad = O X
File Edit Format View Help

#Configuration file for substructures A

# Port number
Port = 8690

# Remote server address
IP = 127.0.0.1

# Connected node tag
NumNode = 2
14

# Number of DOFs of each node

NumDOFs = 3
SubType = 1
CommLog = ﬂ
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OpenSees — OpenSees Simulation

aQ Communication Overview
& Located in the folder containing the integration module

| Kinit.txt - Notepad = O X
File Edit Format View Help

P2.9621 12.6292 -22.9621 -12.6292
12.6292  6.94605 -12.6292 -6.94605

0
(%
0 9 (%) 0 0
-22.9621 -12.6292 © 22.9621 12.6292
0
5}

-12.6292 -6.94605 12.6292 6.94605
5} 5} 0 0

Do 00O ®
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OpenSees — OpenSees Simulation

Q Communication Overview

Element 1

Element 2

OpenSees NICA OpenSees 2

Substructure >
Element DataExchange.dll TCP-IP DataExchange.dll
(SubStructure.dll) 4

T
Kinit.ext

Structfile.ext NICA.cfg
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OpenSees — OpenSees Simulation

aQ Communication Overview
® Located in the folder containing the NICA.exe file

| NICA.cfg - Notepad e O %
File Edit Format View Help

# Connection port to NICA
Port = 8090

# Application: 1 for Zeus-NL, 2 for OpenSees, 3 for Abaqus, 4 for Vector,

# and 9 for generic console-in console-out application. Vector has
# not been implemented yet.
MDL_Type = 2

# Control node numbers
# Note: The sequence of nodes should be consistent with Nodes in SimCor.
MDL_Node = [1 4]

# Model dimension

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

# Effective DOFs in control point.
# Note: 1.The sequence of DOFs should be consistent with sequence of DOFs in UI-SimCor.

# 2.Use one line per each controlled node.

# 2.For 2D 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
EFF_DOF =

110001

s K0 KL B 3L R4

# Model file name (include extension)
MODEL = Sub.S2(BRB).tcl
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OpenSees — OpenSees Simulation

a OpenSees Script Example
% Standalone model

puts "Define Elements";

element corotTruss 1 1 4 1 » # BER defined as & truss element

element elasticBeamColumn 2 1 3 £L4c £2E £Ic £TFramer # Column Element Between MNodes 1 = 3
element elasticBeamColumn 3 2 4 Lo £2E £Ic £TFramer # Column Element Between Nodes 2 2 4
element corotTruss 4 5 4 2 » # Beam Element Defined

& Integration model

putz "Define Elements";

element SubStructure 1 -file Structfile.txt -KEinit Kinit.txt

element elasticBeamColumn 2 1 3 Lo 2E £Ic £TFramer # Column Element Between Nodes 1 £ 3
element elasticBeamColumn = 2 4 Lo 2E £Ic £TFramer # Column Element Between Nodes 2 = 4
element corotTruss 4 3 4 Z» # Beam Element Defined
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OpenSees — OpenSees Simulation

a Required Steps for the Analysis

1.

2.

Place the DataExchange and the SubStructure .dll files in the
OpenSees folder.

» OpenSEES » OpenSEES » OpenSEES v @ Search OpenSEES g
~ Marne Date modified Type Size
|| DataExchange.dll 2015-05-1111:37 ... Application extens... 13 KB
[8=| OpenSees.exe 2013-12-13 1:39 PM Application 15,507 KB
|:] SubStructure.dll 2015-07-01 10:36 ...  Application extens... 102 KB

Place a copy of the HSF zip folder on the C drive.
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OpenSees — OpenSees Simulation

6.0 m
Q Example Structure

W Section Treated as a Rigid Element

% Vancouver, Canada.

3.3m

% Site Class ‘C’
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OpenSees — OpenSees Simulation

a Analytical Modelling

Truss element

Node 3 5 Nodeg Lumped mass

Truss element

NN
S

elasticBeamColumn element

z B
Node 1 " WW WW s Node 2
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OpenSees — OpenSees Simulation

a Analytical Substructures
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OpenSees — OpenSees Simulation

Example Demonstration
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OpenSees — OpenSees Simulation

O Results

Top Story Lateral Displacement Time-History
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Section 2

OpenSees — MATLAB/C++ Multi-Platform Simulation
UT-SIM Example Manual Chapter 4 and 5
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OpenSees — MATLAB/C++ Simulation

Q Communication Overview

Element 1

Element 2

OpenSees

Substructure

Element DataExchange.dll

(SubStructure.dll)
T P

Kinit.txt

- element SubStructure $eleTag

v

TCP-IP

»H

Strucm

—file Structfile txt

—Kinit Kinit txt;

DataExchange.dll
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OpenSees — MATLAB/C++ Simulation

6.0 m
Q Example Structure

W Section Treated as a Rigid Element

% Vancouver, Canada.

3.3m

% Site Class ‘C’
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OpenSees — MATLAB/C++ Simulation

a Required Steps for the Analysis

In addition to the previous steps required for the OpenSees — OpenSees
case, place the DatabExchange files in the folder containing the MATLAB

substructure.
» MATLAB Substructure w T Search MATLAE Substructure 0
~ Mame Date modified Type Size
|J DataExchange.dll 2016-06-1911:17 ... Application extens... 20 KB
[ DataExchange.h 2016-06-1610:18 ...  C/C++ Header 4 KB
T Serverm 2016-12-26 8:30 PM MATLAB Code 4 KB
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OpenSees — MATLAB/C++ Simulation

a MATLAB/C++
& MATLAB SubStructure Script

clear all; close all; clc

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

% define socket wvariables
PortHumber = 8090;

machineInethddr = libpointer('cstring','0.0.0.0")

gockfd = 0;

flag = 2;

% define initial stiffness matrix

Kinit = [22.9621 12.62920 -22.9621 -12.6292 (4’ 5’ 6)
12.6292  6.94605 ~12.6292 -6.94605 Node 2

0 0
-22.59821 -12.8282
-12.6292 -6.94605

0 0

0 0
22.3621 12.8232
1z2.628582 6.94605

0 0

[ T e T e Y e Y e A |
[ O s T e Y e Y e A |
wn

Node 1
1, 2,3
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OpenSees — MATLAB/C++ Simulation

QO MATLAB/C++

¢ Main loop (i.e. MATLAB)
= Receive 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 r |
[force = Rinit * displs] 4  algorithm for nonlinear elements

adata [di=pl: force]:
zdatal = libpointer|'doukleFtr', =data):;

% zend force to OpenSees
calllik('DataExchange’, 'SendData’, sockfdl, =datal, lens, TCF IF):
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OpenSees — MATLAB/C++ Simulation

Example Demonstration
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OpenSees — MATLAB/C++ Simulation

O Results
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Section 3

OpenSees — VecTor2 Multi-Platform Simulation
UT-SIM Example Manual Chapter 10
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OpenSees — VecTor2 Simulation

Q Communication Overview

Element 1

Element 2

Substructure »
Element DataExchange.dll TCP-IP DataExchange.dll
(SubStructure.dll) <
Structfile.txt \

- element SubStructure $Tag -file Structfile.txt;

VecTor2

OpenSees
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OpenSees — VecTor2 Simulation

aQ PARDISO Solver Project

1.

2.

3.

Go to http://www.pardiso-project.orq/.

Download the academic license.

When completing the forms, the website asks for a user name. Specify the

computer username as the user name.

After completing the procedure, the user will receive an email from the

PARDISO project with the download link, and the license key.

Copy the license key into a .txt file named ‘pardiso.lic’. This file must be

placed in the same folder where the VecTor2 substructure is located.

2017 UT-SIM Workshop
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OpenSees — VecTor2 Simulation

aQ Example Structure
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OpenSees — VecTor2 Simulation

a Analytical Substructures

[

— b

o

VecTor2
OpenSees
Intggrated Inte rgtion Module Substructure
Numerical Model g
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OpenSees — VecTor2 Simulation

a Standalone OpenSees Model
1. Fiber Model.

2. Linear shear behaviour.

3. Confinement taken into account (Kupfer/Richart). OpenSees
Model

Top Story Lateral Displacement Time-History
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OpenSees — VecTor2 Simulation

a VecTor2 Substructure Module

Concrete cover

reinforcement
Concrete cover

Transverse
reinforcement

* Interface nodes

Longitudinal
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OpenSees — VecTor2 Simulation

a OpenSees Integration Module

j Structfile.bdt - Notepad — O X

File Edit Format View Help

hConfiguration file for substructures
# Port number
Port = 8090

# Remote server address
IP = 127.0.0.1

# Connected node tag
NumNode =54
1 3 81 82 83 123 124 164 165 2085 206 246 247 287 288 328 329 369 505 506 5

SubType = 4

# Number of DOFs of each node

NumDOFs = 2

CommLog = 2

< >

- element SubStructure $Tag -file|Structfile.txt;

OpenSees Frame

VecTor 2 Mesh Element

Additional Nodes/Rigid
Element Defined in OpenSees

N
+¥ \ A
SRR S —
N /
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OpenSees — VecTor2 Simulation

a Simulation Steps
& Save the ‘pardiso.lic’ in the SS Folder.
& Generate and Save the VecTor2 Structure File in the SS Folder.

& Generate and Save the VecTor2 .job File in the SS Folder (can
change modelling Assumptions).

& Check the Number of Analysis Steps.
& Change Modelling Format to 3.
& Create/Copy the NICON.txt file to the SS Folder.
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OpenSees — VecTor2 Simulation

a V2 Job File

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? X
cHHERGES s abD|oe|nh xx| BE PERE® O ED BB
BVecTor.jnbml

i VER 3.8 ~
2 B I I T
3 e VECT OR %
4 % J OB DATRA %
5 Kok ok ok R R R R oK K K K
(3
T Job Title (30 char. max.) ¢ Enter Job Title
8 Job File Name ( 8 char. max.) : VecTor
9 Date (30 char. max.) : Enter Date
i0
STRUCTURE DATA
R —————————————=
i3 Structure Type R
i4 File Name ( 8 char. max.) : Struct
15
i6 LOADING DATA
18 ©No. of Load Stages : 12000000
19 Starting Load Stage No. : 1
20 Load Series ID ( 5 char. max.) : ID
21
22 Load File Name Factors Initial
23 Case (8 char. max.) Initial Final LS-Inc Type Reps C-Inc Load Stage
24 1 Casel 0.0000 120000.0000 1.0000 1 1. 0.0000 4.
25 2 NULL 0.0000 ~ 0.0000  0.0000 3 (2 0.0000 1
26 3 NULL 0.0000 0.0000 0.0000 a § 1 0.0000 1
27 4 NULL 0.0000 0.0000 0.0000 1 1 0.0000 1
5 NULL 0.0000 0.0000 0.0000 i § 1 0.0000 1
ANALYSIS PARAMETERS
3 Analysis Mode (Z=2) 573,
3 Seed File Name (8 char. max.) : NULL
3 Convergence Limit (>1.0) : 1.000010
35 Averaging Factor (<1.0) : 0.600
36 Maximum No. of Iterations : 60
37 Convergence Criteria (1-5) : 1
38 Results Files (1-4) : 1
39 Modeling Format (1-2) : 3 ¢——
40
41 MATERIAL BEHAVIQUR MODELS
42
43 Concrete Compression Base Curve (0-3) 1
44 Concrete Compression Post-Peak (0-3) : 1
45 Concrete Compression Softening {9=8): 571,
46 Concrete Tension Stiffening (0-6) : 1 v
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OpenSees — VecTor2 Simulation

O NICON.txt File

| NICON.TXT - Notepad — m| X
File Edit Format View Help

NOTE: THE INTERFACE NODES MUST BE EON;B‘C: 1 e >
umoer or couple S

SPECIFIED WITH THE SAME SEQUENCE, IN THE e e e e

INTEGRATION MODULE AND THE SUBSTRUCTURE 8 0 8 280 8 280 8 20 B0 50 80 5 B0 5 R0 8 R0 B 0 B0 0 B0 0 B0 5 R0 5 R0 8 R I R RO OO

MODULE, AND IN AN ASCENDING ORDER. 192 - DOFs =2 x Nodes

11
287 1 1’ : At node 287 force/displacement are o i 1
communicated in the X and Y directions 123 1

VecTor2 Node#

"\ 247
287 o

R R R R R R R R R
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OpenSees — VecTor2 Simulation

a SS Folder

Mame

| ] casel.L2E

[ Struct.S2E

|:] VecTor.job

=] NICON.TXT

|:] Struct.s2r

B pardiso.lic

(=] VT2-14JAN16.exe

|:] Debug.td

|:] ccoccc, TXT

|j Casel.l2r

|:] VecTor.job.bak

[ vT2.8Ux

|:] Datakxchange.dll

] msvert10d.dil

[ ] VECTOR.SFD

%] libpardiso500-WIN-X26-64.dIl
£ libpardiso300-WIN-X36-64.exp
BER libpardiso300-WIN-X26-64.lib
] libiomp3md.dil
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OpenSees — VecTor2

Example Demonstration and Results
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OpenSees — VecTor2 Simulation

a Results can be viewed in:
< Augustus
< Comm_log.log File
< OpenSees Displacement Recorders

Top Story Lateral Displacement Time-History
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E 2 T H — — Second Story Displacement [’
5 I\ F p
g )
8 \
o
§- 0 i J\\ \J JP\VAVP‘\‘M
: | \/ Vil YV
5
25
\i
-50 . NP e . .
0 2 4 6 8 10 12 14
Time (s)

2017 UT-SIM Workshop 38




OpenSees — VecTor2 Simulation
a Comparison

First Story Displacement Time-Histories
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OpenSees Integration Module

Thank you

pedram.mortazavi@mail.utoronto.ca
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