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Framework of OpenSees and how to compile it
How to add your new class

How to add your new project

How to add Tcl commands for your project
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Day2: Framework & building OpenSees



Temporary Source Code Package:
(link has been sent through email)
https://dl.dropboxusercontent.com/u/66579010/BrunelTest.zip



[OpenSees Framework }

= A framework is NOT an executable;

= |tis a set of cooperating software components for building applications in a
specific domain;

= |tis a collection of abstract and derived classes:

= Loose-coupling of components within the framework is essential for
extensibility and re-usability of the applications

______________________________________

_ ' Finite Element Model
Gcl mterpret@ ' Nodes
i. ' Elements
(MOddBU”d@ : Boundary conditions
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[OpenSees for Fire ]

» Started at Edinburgh University since 2009;

» Based on a group of PhD students’ work;

= Developed for modelling ‘Structures in Fire’;

User-friendly interface for creating (regular)
structural models and enable consideration of
\realistic fire action )

SIFBuilder

e N
Models of fire action (only idealised fires), i.e.,
Standard fire, Parametric fire, EC1 Localised fire,

\_Travelling fire

Ve I
Heat Transfer Heat transfer to the structural members due to
fire action
\_ J
Thermo- 4 )

Structural response to the elevated temperatures

mechanical

- J




[ OpenSees Framework J

31 Projects in OpenSees

[ actor ] [ cblas ] [convergence] [cssparse ][ damage ][database]

l graph I [handler] [ matrix ] [modelbuilder:

[OpenSees] [ OpenSeesTk ]

[ OpenSeesTk ] [ Optimization ] [ quickMain

: [ reliability ] [ renderer ]

[ analysis ] [ domain [element]

HeatTransfer] [ HTMain ]

[ material ] recorder ] [SIFBuiIder

Cw ]




[ OpenSees Framework J

Modified/New Projects in OpenSees

[ analysis ] [ domain ] [element] [HeatTransfer] [HTMain]

Node BeamColumn Implementation
Load Shell FireModel of HT
LoadPattern

| material | [ recorder | [SiFBuilder | | ot |

Uniaxial Mat Tcl entry
ND Mat



[ Building OpenSees ]

Stepl:Compilation

project project

objectl.h Comp”er

objectl.obj

objectl.cpp

=)

object2.h

object2.0bj
object2.cpp




[ Building OpenSees ]

Step2:Assembling Step3:Link
oroject Projectl.lib
objectl.obj AssemBpler : : \
- Project.lib %[ Application J
object2.0bj OpenSees

Static library

Project_n.lib
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[ Building OpenSees J

o —— — — — — — — —

DEVELOPER JJ

PACKAGES JJ

SCRIPTS JJ

Simplified
developer
test tool

~ e — —— —— ——
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OpenSees Source Code Package

o — — — — — — — |

QuickMain

OTHER

3" party
Solver

MAKES JJ

Make tool
‘. definition

N —— — — — — — — —
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EXAMPLES JJ

/
-

II
|
WIN32 JJ |\l

Project files Sourcecode!
for VS -h & .cpp
Makefile
i
bin | OpenSees.exe

\_/_-

Assembled libraries

b |!
]‘;

b Debug/Release
on]  |F compiled objects
proj Project files

opensees.sin Solution for Visual

. — Studio



[Building OpenSees }

If you want to build it in GCC
Linux or MacOS? &
GNU Make

| |
| |
Makefile.def + LlUJ + OTHER

®0@ Jiang — sh — B4x20




[Building OpenSees }

GNU Make is a tool which controls the generation of executables and other non-source
files of a program from the program's source files.

Make gets its knowledge of how to build your program from a file called the makefile,
which lists each of the non-source files and how to compute it from other files. When
you write a program, you should write a makefile for it, so that it is possible to use
Make to build and install the program.

Makefile.def

Program directory
Paths (definition of SRC and OTHER directories)

Libraries (definition of library location)

Compilation behaviour

(0]
(0]
(0]
0 Compilers (Compiler location & compiler and linker tags)
(0]
O Other supporting libraries

(0]

Include files



Building OpenSees
<

opensees - Microsoft Visual Studio

Solution Explorer

File  Edit View Project Build Debug Team  Tools Test Analyze Window  Help
.- - B2 - = Debug =~ Win32 = Local Windows Debugger =~ Auto

@ o--am k-
Search Solution Explorer (Ctrl+;) P

fa] Solution 'opensees' (31 projects)
b [ actor

b [ analysis

b [l cblas

b [ convergence
b [l cssparse

b [ damage

b [ database

b [ domain

b [ element

b [l fire

b [l graph

b [ handler

b [ HeatTransfer
b [ HTMain

b [ material

b [l matrix

b [ modelbuilder
b

b

b

b

b

P

b

b

b

b

P

b

b

b

Using Windows PC

This is what
Visual Studio »
looks like!

¥ OpenSees
[F] OpenSeesTk
[ optimization
¥ quickMain
[ recorder

[ reliability
[ renderer

[%] SIFBuilder

[¥] string

B superl

] system
o) ::gged Show output from:  Build

[ tel 31rc:\usersiliming\learnibruneltestisrcitclitclmain. cppl
[ utility 31> c:\program files (xB86)\windows kits\18\include\1@.¢
31> VC2885errno.cpp

e



Building OpenSees

Configuration: ’Acti'.rel[[}ebug}

- ] Platform: ’Acti'.remil\??z}

Common Properties
Configuration Properties
General
Pebugg iﬂg
General
Optimization
Preprocessor
Code Generation
Language
Precompiled Headers
Output Files
Browse Informaticn
Advanced
Command Line
Manifest Tool
XML Docurment Generator
Browse Information
Build Events
Custom Build Step

| »

B General
Output Directory
Intermediate Directory
Extensions to Delete on Clean
Build Lag File
Inherited Project Property Sheets
Enable Managed Incremental Build
Project Defaults
Configuration Type
Use of MFC
Use of ATL
Character Set
Commen Language Runtime support

Whole Program Optirnization

AeA-Abin

AAobjlopenSees\debug

*obj*illg* tby* thi* thhy* trp;* rep " pg o * pgd:* meta; 5]
$(IntDir\BuildLog.htm
S(WCInstallDir)VCProjectDefaults\UpgradeFromVCT0.vsp
Yes

Application {.exe]

Use Standard Windows Libraries

Mot Using ATL

Use Multi-Byte Character Set

Mo Commeon Language Runtime support

Mo Whole Program Optimization

Output Directory

Specifies a relative path to the output file directory: can include environment variables,




Give it atry to build
your own OpenSees...




Day2: Add a new class to the framework



Add a new class to the framework:

a material class example




@dd a new material class }

ElasticMaterialNewThermal

1. Find the material class which is most similar to the class you are

trying to create



@dd a new material class J

ElasticMaterialNewThermal

2. Find the ‘similar’ material class file location:

OpenSees/SRC/material/uniaxial



@dd a new material class }

ElasticMaterialNewThermal

3. Make a copy of the header and source files in the same folder and

rename them as: ElasticMaterialNewThermal.cpp and ElasticMaterialNewThermal.h.



@dd a new material class }

ElasticMaterialNewThermal

5. Add the two newly created files to the material project in the
solution explorer:

Right click on uniaxial - add - Existing ltem.
Select the source and header files for the new material from OpenSees\SRC\material\

uniaxial and click Add.



@dd a new material class }

ElasticMaterialNewThermal

6. Open both the source and header files in a text editor
(Notepad ++ or Microsoft Visual Studio editor) and make
changes: replace the keyword ElasticMaterialThermal to

ElasticMaterialINewThermal.



@dd a new material class J

ElasticMaterialNewThermal

7. Add a couple of lines for the newly created material in
TcIModelBuilderUniaxialMaterialCommand.cpp.
declaration:

extern void *OPS NewElasticMaterialNewThermal(void);



%ﬁdd a new material class J

8. Add a couple of lines for the newly created material in
TcIModelBuilderUniaxialMaterialCommand.cpp.
In function: TcIModelBuilderUniaxialMaterialCommand()
else if (strcmp(argv[l],”’ElasticNewThermal”) == 0) {
void *theMat = OPS NewElasticMaterialNewThermal();
If (theMat !=0)
theMaterial = (UniaxialMaterial *)theMat;
else

return TCL ERROR;}



@dd a new material class J

ElasticMaterialNewThermal

9. Rebuild only the material project:

Right click on material = Project Only = Rebuild Only material.



@dd a new material class }

ElasticMaterialNewThermal

Step 1: Add a tcl file rest.tcl to the in the project openSees. Add a line or two using the new
material. For example:

model BasicBuilder -ndm 2 -ndf 3;

uniaxialMaterial ElasticNewThermal 1 20000 0.01;

Step 2: Debug the successfully built version of OpenSees with the new material to bring up the
OpenSees command window.

Step 3: Source the test.tcl file by typing source test.tcl. If the program outputs the desired lines (if
added) or exits with no errors, you have SUCCESSFULLY added a new material.



Day2: How to add a project



[ How to Add a Project J

What in a new Project? Eramework

___________________________________________________

‘In a header file (.h) Hierarchy

project

Inclusion of other header files
Declaration of variables
' Declaration of functions

____________________________________________________________

objectl.h
objectl.cpp

' In a source file (.cpp)
object2.h |
" Inclusion of header files
' Constructors of class

' Destructor of class
Definition of functions

object2.cpp

Prepare the files, and save them in the right folder

OpenSees/SRC/<your project>




[ How to Add a Project J

* Add a new Project to OpenSees

Solution Explorer

@ o--am £

Search Solution Explorer (Ctrl+;)

b [Pl graph

B ¥ handler

b [ HeatTransfer
B ¥ HTMain

B ¥ material

b [ matrix

b ¥ modelbuilder
b [ OpenSees

b [ OpenSeesTk
b ] optimization
b [ quickMain

b [ recorder

b [ reliability

b [%| renderer
VN 4 [T SIFBuilder EN

,/ =B References
P Fg External Dependencies
B 50 SIFMembers
P Tl

™

ﬁ[] Flowchart.pdf
[M SIFBuilderDomain.h
SIFCompartment.h

3

3

[

3 SIFfireAction.h

P [@ SIFfireActionlter.h
[ SIFHTforMember.h
P SIF)oint.h
P [ SIFointlter.h
[ SIFMaterial.h
[

o e e e -

b [ superll
b [ system
b [ tagged
b tcd

b [l utility

Solution Explo... | Class View Property Man...

SIFCompartmentlter.h

* I x

o~

rs

—-—— = ———

Team Explorer

\

+» Create a project folder in

OpenSees/win32/proj/<your project>

+» Add this new project

--if it is completely new, headers and sources
have to be added;

--if it is not, files are imported automatically as

the structure has been defined in the proj file



[How to Add a Project }

¢ Project property (right click at the project->configuration properties)

-Project properties are defined for debug and release separately
-Add the dependencies(additional included directories)
subfolders in SRC/<project name>
-Preprocessor tag( _SIFBUILDER, _HEATTRANSFER)
#ifdef could selectively activate code block
-output as multi-threaded debug for debugging build

-multi-thread for release



: How to Add a Project

SIFBuilder Property Pages |, ? 28 |
Configuration: | Debug v] Platform: [Active['nl‘ﬁn?;l} v] [ Configuration Manager... ]
4 Configuration Properties [ Additicnal Include Directories ] e ASRC\system_of_eqgn\linearSOE\sparseSYM... .\ \SRC\syste
General Additional #using Directories
Debugging Debug Information Format Program Database for Edit And Continue (/ZT)
VC++ Directories Common Language RunTime Support e
iti i i s 7 S| |
4 C/C+s Consume Windows Runtime Extension | Additional Include Directories E'—
( General ) Su
ppress Startup Banner
Optimization Warning Level i E]E]
[ Ere;rc;:essor : ] Treat Warnings As Errors II AGGASRC mystem_of_eqnilinearSOE\sparseSYM -
ode Generation . i W ASRC system_of_egntlinearSOE\bandSPD |:|
Language :E:nl:g :E“'“” A\ ASRCsystem_of_eqnilinearSOE
Precompiled Headers c ECks o b ASRC\system_of_eqni\linearSOE\bandGEN
Outout Fil Multi-processor Compilation Y ASRC\HeatTransfer\Heat TransferAnalysist\HeatTransferDOFNurmber
Htputies W AOTHER\SuperlU_4.11SRC i
Browse Information RS TN Lo
Advanced W, rrr | &
[ All Options Evaluated value:
C dLi
Lib c.rmmarl == e SR systemn_of_egnilinearSOE\sparseSYM -
b Libranan A ASRC\systern_of_egnilinearSOE\bandSPD B
I XML Document Generator A ASRChsystem_of_eqnilinearSOE
I: Browse Information eGSR systemn_of_egnilinearSOE\band GEM il
[ Build Events | T S
- Custom Build Step
b Code Analysis Inherited values:
Additional Include Directories
Specifies one or more directories to add to t
] m P (/1[path])

Inherit from parent or project defaults

I ] 4 ] | Cancel




[ How to Add a Project J

Possible Errors

/ Compiler

from a function

usage of a class

.

\

O Not including right headers
O Deleted variables (destructor)
O Mismatched returned value

0 Mismatched constructor and

O Incorrect project properties

/

T e N

O Not including right libraries
O Referenced function can not
be found because it’s not

correctly defined
O Library is not produced
O Linker property of OpenSees

project

. /




Day2: How to add Tcl commands



[Add Tcl Commands }

* The original Tcl offers a large collection of commands
-File operation: eof, pwd, append,open, etc.
-Control flow: if, for, switch, while, etc.

-Those commands are well documented at the page:
http://www.tcl.tk/man/tcl8.5/TcICmd/contents.htm

* The Tcl library

-The library provides an interface to add extended Tcl commands

-Tcl library was imported to the computer when the installation of
Tcl happened.


http://www.tcl.tk/man/tcl8.5/TclCmd/contents.htm

[Add Tcl Commands }

e Tcl.h and Tcl.lib

-Tcl is installed in C:\Program Files\Tcl in Windows

-Tcl.h is a header file which has prototypes of the built-in
functions.

-The functions are enclosed in the Tcl library.
*Tcl in OpenSees

-OpenSees inherits the original Tcl commands and extends the
command library.

-Most of commands are developed within the project tcl
-The others are located in modelbuilder and sub-projects.


https://svn.ecdf.ed.ac.uk/repo/see/OpenSeesEd/OpenSees/OpenSees2.4.0/SRC/tcl/

Add Tcl Commands

R ek o B R o LR e b N o e |i@| sg |

pensees Property Pages

cssparselib -~

gsssglfﬁbhb H Configuration: | Active(Debug) * | Platform: |Active(Win32) v] ’ Configuration Manager... ]
g j&';trem“b Common Properties Additional Dependencies cssparselib OpenGL32.lib wsock32.lib glu32.lib Doddf
optimization.lib Configuration Properties Ignore All Default Libraries Mo

damage.lib General Ignore Specific Library libc.lib

S Debugging Module Definition File

drain.lilb CfC++ Add Module to Assembly

reliability.lib Linker Embed Managed Resource File

database.lib = Benel Force Symbol References

4 b Inpu‘F ) Delay Loaded DLLs

) Mamfes_t e Aszernbly Link Resource

Inherited values: Debugging

kernel32lib - System

user32.lib Il Optimization

gdi32.lib Embedded IDL

winspool.litl} Advanced

;z:;‘;ligiﬁil;b = Command Line

<hell32.lib Manifest Tool

oledd.lib AML Document Generator

oleaut32.lib Browse Information

uuid.lib : [ Build Events

odbe32lib = Custom Build Step Additional Dependencies

[@] Inherit from parent or project defaults | | Specifies additional items to add to the link line (ex: kernel32.1ib); configuration specific,

] 1 3
I oK oK ] l Cancel ] | Apply




Extended Tcl command

* “Source” command

- Global commands are located in commands.cpp
in the function of OpenSeesApplnit(Tcl_Interp *interp)

Tcl _CreateObjCommand(interp, "source", &0OPS_SourceCmd,
(ClientData)NULL, (Tcl_CmdDeleteProc*)NULL);

&

int OPS_SourceCmd(ClientData clientData, Tcl_Interp *interp,
int argc, Tcl_Obj * const *argv);

|

int OPS_SourceCmd(



Commands in Modelbuilder

Modelbuilder is called in commands.cpp to create a
TcIModelBuilder Class

TcIModelBuilder has a huge constructor, which contains
the creation of modelbuilder-related commands

—

!

The strategy of extending Tcl commands is creating a global
command in commands.cpp, then putting the definition of new
commands in the constructor of a TcIModelBuilder type class.

“HeatTransfer” ->TclHeatTransferModelBuilder




Extended Tcl command

* Creating your own command

-i.e. in TclHeatTransferModule class

1) Using Tcl_CreateCommand to add a new command,;

Tcl _CreateCommand(interp, "HTMaterial", (Tcl CmdProc* )
TclHeatTransferCommand_addHTMaterial,(ClientData)NULL, NULL);

2)Specify the Procedure corresponding to this command;

Int TclHeatTransferCommand_addHTMaterial(ClientData clientData, Tcl_Interp *interp,
int argc, TCL_Char **argv)



if (theTclHTModule == 0) {
opserr << "WARNING current HeatTransfer Module has been destroyed - HTMaterial\n";
return TCL_ERROR;

}
if (theHTDomain == 0) {

opserr << "WARNING no active HeatTransfer Domain - HTMaterial\n";

return TCL_ERROR;
}
HeatTransferMaterial* theHTMaterial=0;
int HTMaterialTag = 0O;
if (Tcl_GetlInt(interp, argv[2], &HTMaterialTag) != TCL_OK) {
opserr << "WARNING:: invalid material tag for defining HeatTransfer material: " << argv[1] << "\n"; return TCL_ERROR;

}
//Adding CarbonSteelEC3
if (strcmp(argv[1],"CarbonSteelEC3") == 0) {
theHTMaterial = new CarbonSteelEC3(HTMaterialTag);
}
if(theHTMaterial!=0){
theTclHTModule->addHTMaterial(*theHTMaterial);}

else{
opserr<<"WARNING: Tcl[HTModule fail to add HeatTransfer Material: "<<argv[1]<<endIn;}
return TCL_OK;

}



Extended Tcl command

* Creating your own command

-i.e. in TclHeatTransferModule class

1) Classes are mostly designed as tagged objects.

2) TcIModelBuilder or domain classes holds the tags of materials, elements,etc.
theHTMaterials = new ArrayOfTaggedObjects(32);

3) ArraryOfTaggedObjects stores tags and correponding pointers to the objects.
theHTMaterial = new CarbonSteelEC3(HTMaterialTag);

4)Adding and returning the object pointer.

theTclHTModule->addHTMaterial(*theHTMaterial);
HeatTransferMaterial* TclHeatTransferModule->getHTMaterial(int tag)



Extended Tcl command

e Commonly used functions
1) Tcl Getint(interp, argv[2], &HTMaterialTag)
2) if (strcmp(argv[1],"CarbonSteelEC3") == 0)

3) opserr<<"WARNING: Tcl[HTModule fail to add Simple Mesh:
"<<argv[l]<<endIn;

4) Argc, argv| |
Node 11 0O;


http://www.tcl.tk/man/tcl8.5/TclLib/GetInt.htm
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