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Introduction

Since components in ADONIS are modular and self-contained, they can be designed and
developed separately. Thus, users can define their own constitutive model and integrate the
model into the ADONIS program by using a dynamic-linking library (dIl) with relatively little
dependence on other modules. Different material classes may be defined to describe different
material properties or behavior. These classes are derived from an abstract class
ConstitutiveModel, which defines their common behavior. Various constitutive models are
represented as virtual functions in classes, derived from the ConstitutiveModel base class. The
main function of the constitutive model is to return new stresses, given strain increments. Any
derived constitutive model class must provide actual functions to replace the virtual member
functions in the ConstitutiveModel base class. The generated dll file needs to be placed in the
installation folder of the program. The program will then detect and load the dll automatically. All

the files referenced in this section are contained in the “\ ADONIS\PluginFiles” directory.

Export Functions

The following functions must be provided in the dll.

/I entry point into a dynamic-link library (DLL)

int __stdcall DIIMain(void *,unsigned, void *) {
return 1;

}

/I export class instance

extern "C" __declspec(dllexport) ConstitutiveModel *createlnstance() {
UserConmodelElastic *m = new UserConmodelElastic();

return m;

}
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Member Functions

Any derived constitutive-model class must provide actual functions to replace the virtual member
functions in ConstitutiveModel. These functions perform the operations described below.
const char* getConModelName() const

This function returns a string containing the name of the constitutive model as the user will refer
to it with the MODEL command. For example, "udelastic” would be a valid string in C++. This
must be a unique name, and is used for synchronizing Save/Restore. This name is also used in
the file name of the DLL described below.

int getPropertyNum() const

This function returns the number of model properties.

const char* getPropertyNames() const

This function returns a string containing the names of model properties. The following string is a
valid example: {*shear, bulk’’}. Property names are delimited by commas (,’).

const char* getPropertyTypes() const

This function returns a string containing the typrs of model properties. Property type could be
either “value” or “table”. The following string is a valid example: {*‘value, value”}. Property types
are delimited by commas (',’).

double getProperty(int index) const

A value should be returned for the model property of sequence number index (previously defined
by a getProperty() call, with index = 0 denoting the first property).

double getDefaultProperty(int index) const

A value should be returned for the default model property of sequence number n. This value will
be assigned to each parameter whenever property default button in the property dialog (GUI) is
pressed.

const char* getPropertyUnits(int index) const

This function returns a string containing the units of model properties. The following string is a
valid example: {"M/LT2,M/LT2"}. Property names are delimited by commas (‘,’). 6 different unit
types should be provided:

1) user-defined (Dimension Symbol)

2) SI: m-pa-N/m3

3) SI: m-kpa-kN/m3

4) SI: m-Mpa-MN/m3

5) Imperial: ft-psf-1bf/ft3

6) Imperial: in-psi-Ib/in3
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void setProperty(int index, double val)

The supplied value of index is the sequence number (starting with 0) of the property name
previously specified by means of a getProperties() call. The model object is required to store the
supplied value in an appropriate private member variable.

ConstitutiveModel *clone()

A new object, of the same class as the current object, must be created, and a pointer to it of type
ConstitutiveModel returned. This function is called whenever program trys to assign the same
model to another element.

Double getConfinedModulus() const

The model object must return a value for its best estimate of the maximum confined modulus.
This is used by program to compute the stable timestep. For a linear elastic model, the confined
modulus is K + 4G/3.

double getShearModulus() const

The model object must return a value for its best estimate of the current tangent shear-modulus.
double getBulkModulus() const

This function should return its best estimate of the current tangent bulk-modulus.

void initialize(StressState *st)

This function is called once for each model object (i.e., for each gauss point) when the ADONIS
cvices, and at the beginning of the run() method if setlfNeedInitialize() returns true. The model
object may perform initialization of its property or state variables, or it may do nothing.

void update(StressState *st)

This function is called for each gauss point in the finite element at each cycle. The model must
update the stress tensor from strain increments. The structure st (which is a pointer to
StressState class) contains the current stress components and the computed strain increment
components.

int getSaveNum() const

This function return the number of parameters that needs to be saved. The parameters will be
provided by setSaveValue function.

void setSaveValue(int index, double val)

The supplied value of index is the sequence number (starting with 0) of the property that need to
be saved. These parameters are the one the will be saved when program tries to store the model
in the file. These parameters could be any parameters in the class other than the one specified
in the list of properties using setProperty.

double getSaveValue(int index)



C}— A DONI S Writing User Defined Constitutive Model
- _|For Geo-Engineers Updated 02/2024

A value should be returned for the model stored property of sequence number index (previously

defined by a setSaveValue() call, with index = 0 denoting the first property).

Optional Functions

The following function are optional to modify. If no modifications has made the default parameters
will be used.

const char* getPropertyDescription(int index) const

This function returns a string containing the description of each property.

bool canFail() const

This function returns false if solve(“elastic”) command is being executed.

void setCanFail(bool b)

This function indicates whether model will be able to perform plastic correction.

bool needinitialize() const

This function returns true if initialization is needed.

void setlfNeedInitialize(bool b)

This function indicates whether initialization needs to be called again.

bool supportsPropertyScaling() const

This Function returns true if property scaling is supported for factor-of-safety calculations

void scaleProperties(const double &,const std::vector<int> &)

This function will be used when “solve fos” is being called to scale the properties for factor of
safety calculation. Please note that, this function is still under development and changing it will
not have any effect.

bool isPropertyReadOnly(int index) const

Return True if property of index should be considered read only, and not allowed to be set by the

user.

State Indicators of Zones

Each gauss point in the element has a member variable that maintains its current state indicator.
The member variable has integer value that can be used to represent a maximum of 11 distinct
states (starting from 0). The state indicators are used by built-in constitutive models to denote
plastic failure of a zone. See list below for integer assignment and the corresponding failure state
for built-in constitutive models.

/I 0:Elastic
/I 1:ShearNow
/I 2:ShearPast
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/I 3:TensionNow

/I 4:TensionPast

/I 5:VolumeNow

/I 6:VolumePast

/I 7:JointShearNow

/I 8:JointShearPast

/I 9:JointTensionNow
/I 10:JointTensionPast

Pre-requisite

All the header files included in the UDCM folder must be included in the dll to compile.
(conmodel_global.h, constitutivemodel.h, ctable.h and stressstate.h). The dll also needs to be
linked with the libconmodel.lib (for 32-bit version). Note: The static library files were compiled with

the release configuration. If you compile with the debug configuration, you may not get the correct

values for debugging.

Creating User-Defined Model DLLs

ADONIS is built using Qt Creator, a cross platform development environment, which is part of
the SDK for the Qt GUI application development. Constitutive model plug-in DLLs need to link
against the Qt runtime library to be compatible at runtime. Qt is a free and open-source widget
toolkit for creating graphical user interface (GUI) as well as cross-platform applications that run
on various software and hardware platforms. Qt is currently being developed by The Qt Company,
a publicly listed company, and the Qt Project under open-source governance, involving individual
developers and organizations working to advance Qt. Qt is available under both commercial
licenses and open source GPL 2.0, GPL 3.0, and LGPL 3.0 licenses. If you haven't installed the
Qt already, please go ahead and follow the steps mentioned in the Appendix A and install it then
follow the following steps to create user-defined model DLL:

1) Unzip all files in the udem_example_mingw32.zip (located at PluginFiles folder) to a
desired location. The zip file includes all the necessary files. All the header files and static
library links have been created for this example file. In case you want to change the name
of the model or header file please follow the sequences below.

2) Open Qt Creator. Go to File->Open File or Project...
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Window Help

318 Edit  Build Debug Analyze Tools
| Mew File or Project... Ctrl+M
& .Open File or Project... Ctrl+0

. Open File With...

Recent Files

Recent Projects
Sessions

Session Manager...

Figure 1- Open File or Project from menu

, mf Qt Creator
[y

’ Getting Started

3) Then navigate to the project you wish to open and click on the .profile
(i.e., udecm_example.pro).

(i Open File X
« S » ThisPC » Desktop » ADONIS_UDCM_Ct5_13.1.V2.55 » udem_example_mingw32 » ~ | O Search udem_example_ming... 2
Organize Mew folder =2 - ] 0

[ This PC ~ Name ” Date modified Type Size
_J 3D Objects includes 2/201911:43 ... Filefolder
I Desktop libs /201911:43 .. Filefolder
] Documents i udem_example.pro 11/12/201910:45 ... Ot Project file 1KB
& Downloads
D Music
&=/ Pictures
B Vvideos

5 118U5-GE325KPS (C:)

= HP Port Rep (D:)

Jobs (\ENSFOCIFSOT) ()
marketing (\EMNSFOCIFS0T) (M:)
pheommon (Nnyea) (M)

office (MENSFOCIFSDT) (O:)

== dizcinline NFNSFOCIFSDY (001

HHHH

File name:

v | All Projects (*.gmiproject CMak v

Figure 2- Select project from
4) Select “MinGW 32-bit” compiler and press “Configure Project”
m Configure Project
L The following kits can be used for project wdem_example_mingw32:

The project udem_example is not yet configured.

Qt Creator uses the kit Desktop Qt 5.13.0 MinGW 3 2-bit to parse the project.

|T'-r'pe to filter kits by name...

[m] select all kits
] Desktop Qt 5.13.0 MinGW 32-bit Details ¥
[] @ Desktop Qt 5.13.0 MinGW 64-bit Details ¥
Import Build From... Details >

Configure Project|
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Figure 3- Configure project. Make sure to select MinGW 32-bit compiler.
5) To rename the files (i.e. .h or .cpp), right-click on each file and select “Rename...” and

type in your desired name.

¥ | @ udcm_example
| @ udem_sxample.pro
¥ | n Headers

includes

=y
M udermn_gxg—-"'- "

% o Sources Open File

I&IT udem_exz Show in Explorer
Open Command Prompt Here

Open Command Prompt With L4
Open With 4
Find in This Directory...

Properties...

Remove... Del
Duplicate File

Rename...

Diff Against Current File

Build

Collapse All
Expand All

Figure 4- Rename existing files.
6) To rename the output dil file name double click on project file (i.e. .pro) and modify the

target name (i.e. TARGET = ucdm_example).

¥ | @ udecm_example
I_—.;; udcm_example.pro #
~ . Headers |* Project created by QtCreator 2819-11-12T20:17:53

includes

udem_mohr.h

v e .
o Sources QT -= aui

ARGET = udcm_example|

TEMPLATE = 14b

udem_mohr.cpp

(-]

DEFINES += UDCH_LIBRARY
INCLUDEPATH += dincludes

SOURCES += %

udem_mohr.cpp

HEADERS += includes)\constitutivemodel.h
includes)\conmodel_global.h
includesystressstate.h
includesyctable.h
udem_mohr.h

unix {
target.path = fusr/lib
INSTALLS += target

win32:CONFIG(release, z|release): LIBS += -LS5$PWD/1libs/ -lconmodel
elseiwin32:CONFIG(debug, debug|release): LIBS += -LS$3PWD/1libs/ -lconmodeld
elselunix: LIBS += -LSSPWD/libs/ -lconmodel

INCLUDEPATH += SSPWD/
DEPENDPATH += SSPWD/

Figure 5- Modify project file.
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7) In case you want to rename the class name, make sure you rename the “UDCM_Example”

to “UDCM_Mohr” in both header and source file (i.e. udcm_mohr.h and udcm_mohr.cpp).
¥ |m udem_example b AR AR R AR A AR AR RAR AR AR AR AR AR AR AR AR AR AR AR AR R AR AR AR AR AR AR AR AR AR AR R A AT =)

[ udem_example.pro
~ | n Headers #1fndef UDCM_EXAMPLE_H
includes #define UDCH_EXAMPLE_H
[ udem_mohr.h

V¥ lcx Sources

#include <string>
#include "constitutivemodel.h"
-

[ udem_mohr.cpp #include "stressstate.h”

#ifndef PI
#define PI 3.14159265358979323846264338327950288419716939937510
#endif
#ifndef radians
#define radians(deg) ((deg) = PI / 180
#endif
#ifndef degrees
#define degrees(rad) ((rad) = 180 / PI)
#endif

41|~ class UDCM_Example : public ConstitutiveModel {
public:

| UDCH_Example() ;

Figure 6- Modify class name based on new selected name.
8) To change the project's name, close the Qt Creator and rename the project file (i.e.
udcm_example.pro). Remove the “udecm_example.pro.user” file if exists then reopen the

renamed project and configure again after opening the project (like step 4).

Compilation

After modifying the library functions make sure that you select the “Release” mode as build type.
Now go to Build->Build Project and build the project. Assuming that you have included the linker,
you should now be able to compile the program. The result will be a file with extension .dll. As

mentioned above, the program may not work properly if you compile in debug mode.

‘roject: udem_example
sktop Qt 5.13.0 MinGW 32-bit
oy: Deploy Configuration
Run: Custom Executable

udem...mple  Build

I:,l y Debug

Release Profile
> Release

D ps Type to locate (Ctrl+ K) 1 Issues E)

Figure 7- Select release mode and build the project.

Running
Copy the generated dll file from the location provided at “Build Setting” page (shown in the Figure

8) then put your dll file in the plugins folder which is in the installation folder (i.e.
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\ADONIS\exe32\plugins). ADONIS will automatically recognize the user defined constitutive

model in the restart. You should see all of the materials that you included in the material list.

[ udcm_mohr - Gt Creator
File Edit Build Debug Analyze Tools Window Help

unn o -
] Manage Kis... )& Build Settings
== Editbuld configuration: |Release ~| | Add  ¥| | Remove Rename... Clore...
-~ Active Project General
udem_mohr ~
" H
Import Existing Build. .. Shadow buid:
Buid drectory: [IECHEIE e Browse...
-
~ Build & Ri
ull un
Dewy Build Steps
y 3 Desktop Qt 5.13.0 MinGW 32-bit
. 2 Build gmake: qmake. exe udem_mohr.pro -spec win32-g-++ "CONFIG +=qtauickcompier” Details ¥
- ui
e P Run Make: mingw32-make.exe 54 in C:\Jsers\USRG673600\Desktop\ADONIS_UDCM_QE5_13_1_V2_5_5\build-udam_mohr-Desktop Details ¥
Help o
Add Build Step ™
Project Settings
) 9 Clean Steps
Editor
Code Style Make: mingw32-make.exe dean 4 in C:Jsers\USRGE73600 \Desktop | ADONIS_UDCM_QE5_13_1_¥2_5_S5\buid-udem_mohr-Desktop_Qi Details +
Dy df
ependencies Add Clean Step~
Clang Code Medel
Clang Tools Build Environment
Use System Environment Details ¥

Figure 8- Find the location of the generated dll file from Projects page.
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APPENDIX A

Download Qt and Qt Creator

To get started with the non-commercial version for free, go to htip://at-project.org/downloads to

see something like what the following screenshot then select “Go open source”:

Design  Develop  Deploy  Product  WhyQt?  Resources Q @

QEL LI UL EXPETIEILE WILT d ILeNSITE Pidll UESIBHEU L0 SUPPUFL your NEW LU L diTU WallL LU LTY DEIUTE YOU DUYS DUWIIUEU & 1TEE Uil D1 LE u1e

s for desktop and embedded development, plus other

al Qt Support Helpdesk and a close Qt framev

th The Qt Company. enterprise adi

Downloads for existing Downloads for open source users
CUStomerS Find out how you can use Qt under the (LJGPL and contribute to the Qt

Find them in the Qt account licensing portal or through the Maintenance

tool in your Qt installation directory.

Hil | can help you get the right Qt
download for your development

Figure A1- Go to Qt Project web page.
At the bottom of the page click on “Download the Qt Online Installer’

Or T yoU Need nerp, the community
not only contributes to Qt, but also
to the Qt Wiki where you can learn

Find more information on Qt how to get started.

licensing and open source
obligations here.

Learn what's involved when
contributing to the Qt project here.

Looking for Qt binaries?

em in the Qt Online Installer. It will steer you to the right do

and help you install tools and add-o 5 that are availa

Hil I can help you get the right Qt
download for your development
project and, if you are ready,
help you with your purchase
Please give me a click to start
now.

The Qt Download Resources Professiona | Services Developers Company
L.t J' Company

Figure A2- Click on “Download the Qt online Installer”
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Next click on “Download”. Your download should start automatically.

Design Develop Deploy Product Why Qt? Resources Q @ Download. Try. Buy.

Your download

Woe detected your operating systam

Recommended download: Qt On

Not the installer you need? View other options

vill ask you to optionally sign in using your Qt account

vill ensure you get the right access to the right

components, such as those under a commercial license.
Please note:

If you requested a 30-day commercial trial extension or an additional

we will contact you shortly. In the

If you are installing under a Qt open source license, please be sure you are

in full compliance with the legal abligations of the 2/3 befare

installation. For a brief overview visit the main download page or for more X

details see the FAQ. Hil I can help you get the right Qt
download for your development

roject and. if you are ready,
P — proj ¥ ly
help you with your purchase.
Please give me a click to start
now.

Figure A3- Download the online installer file.

Install/Setup Qt Creator

In general, the default settings have been used when installing Qt Creator. Please note that a Qt
account is required when installing Qt Creator as shown in Figure A4. Choose an existing account

or create a new account. There is no cost associated with a Qt account.

< Ot Setup

Qt Account — Your unified login to everything Qt

Please log in to Qt Account

o |

Meed a Qt Account?

Sign-up

I accept the service terms.

Settings Cancel

Figure A4- Qt account is required for installation.
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The default components to install were selected as shown in Figure A5. Please make sure the

MinGW 32-bit and MinGW 64-bit are selected. If you plan to choose other components select

these at this step. Please note that some components may only be available when using a

commercial version of Qt.

«

Ot setup

Select Components

Please select the components you want to install.

Qt 5.12.6 Prebuilt Companents for MinGW 7.3.0 32-bit

Show package categeries Default Select All Deselect Al
[ Archive Voo
v (W ots126
v LTS
[ MSVC 2015 64-bit
[ Latestreleases [ MSVE 2017 32-bit
O Preview [J MSVC 2017 64-bit
MinGW 7.3.0 32-bit
Refresh MinGW 7.3.0 64-bit

[C] UWP ARMVT (MSVC 2015)
[ UWP x84 (MSVC 2015)
[ UWP ARMVT (MSVC 2017)
[ UWP x84 (MSVC 2017)
[ WP x86 (MSVEC2017)
[ Android x86
[ Android ARM64-vE5
[] Android ARMNT
[ Sources
Qt Charts
Ot Data Visualization
[ at Purchasing
[ ot Virtual Keyboard
Ot WebEngine
Gt Network Authorization
Ot WebGL Streaming Plugin
Gt Script (Deprecated)
Gt Debug Information Files
[ otsi24
[ arsaz23
[ atsazz2
[ atsos
[W] Developer and Designer Tools

This component will occupy approximately 4.71 GB on your hard disk drive.

Figure A5- Select the installation components. Make sure MinGW-32bit compiler is selected.

When Qt Creator has been installed select to launch it and click the “Finish” button and then start

building your constitutive model.

12



