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1.1 General Description

The program is aimed at the solution under static loading of two classes of problems encountered
in structural engineering: a soil-supported mat or a structural slab. The mat or structural slab is modeled
with linear finite elements. The shape may be rectangular, round, or irregular and the thickness may vary.

For the soil-supported mat, soil is assumed to have a linear response, defined as the subgrade
modulus, and is characterized by a set of springs which can vary in stiffness at points under the mat. The
springs can reflect horizontal and vertical resistance. The solution follows the classical Winkler model.
This method of modeling soil has been widely used in the analysis of flexible beams and mats on elastic
materials. Since the Winkler model, often referred to as a “one-parameter model”, cannot represent a
continuous medium well, the modified Vlasov model by Vallabhan and Das (1988) was also introduced in
GeoMat for solving the soil-structure interaction in continuous medium. The modified Vlasov model
accounts for the effect of the neglected shear strain energy in the soil and shear forces that come from
surrounding soil by introducing an arbitrary parameter, y, to characterize the distribution of the vertical
displacement in an elastic foundation using an iterative procedure. The modified Vlasov model has
improved the accuracy of the solution computed based on the Winkler soil model.

When a structural slab is analyzed, the supports can be assumed to exist at the edges, or along the
interior of the slab, as for beams. The edges of the slab are assumed to be simply supported or subjected to
amoment. The supports for the slab may be assumed to be unyielding or set of deflections may be specified.
Iteration may be done externally to get agreement between deflection of the slab and that of the supporting
beams. This program has the ability to compute deformation and stresses of isotropic or orthotropic plates
based on the first order Mindlin thick plate theory. The orthotropic plates include uniform plates with
orthotropic reinforcements, plate with orthotropic enhanced ribs, and plate with one way box section. The
program also allows the user to define the orthotropic plates/slab with the user-specified properties.

GeoMat allows the user to specify loadings on the surface of the mat or slab as uniform, or
distributed, or concentrated as from columns. Horizontal loads may be applied as well as vertical. The
finite-element method employed by this program can take into account the variety of loadings as well as
the properties of the material in a structure. With modern methods of characterizing material in the mat or
slab and with the capability of desktop computers, solutions to finite-element arrays proceed rapidly and
with a degree of accuracy in the control of the user.

The program does not set a limit on the number of finite-element meshes for modeling. Only the
size of RAM in the user's computer will limit the available meshes. The element types include 4-node
linear elements, 8-node quadratic elements, and 9-node Lagrangian elements. The soil is assumed to behave
in the linear range, but the user may assign different values of subgrade stiffness at desired locations of the
foundation.

1.2 Method of Analyses

The engineer must make several initial steps in performing the analysis and design of a soil-
supported mat or a structural slab: 1. estimate the allowable bearing capacity of the mat or the resistance
provided by the structural members supporting the slab; 2. estimate settlement and differential movement
of the mat or slab; and 3. estimate the moments and shears for the structural design of the mat or slab.
Assuming that a geotechnical engineer has provided information on the soil, leading to an estimate of the
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bearing capacity of the mat, the experience of the structural engineer will allow for the sizing of the mat or
slab for the initial analyses.

With regard to the soil-supported mat, the initial data provided by the geotechnical engineer may
show a range of values because settlement and differential movement are difficult to estimate because the
settlement is dependent on the stiffness of the soil and on the rigidity of the mat.

Loadings on a mat or a slab can vary widely in nature and magnitude. The finite-element method
has been the best tool to take into account the variety of loadings as well as the properties of the material
in a structure. With modern methods of characterizing material in the mat or slab and with the capability
of desktop computers, solutions to finite-element arrays proceed rapidly and with a degree of accuracy in
the control of the user.

For a given set of loadings, deformations and movements within the mat and slab can be computed,
along with bending moment and shear stress at any point with the material. These results provide the
engineer with information used for the design of the system. The method can be applied to a mat or slab
that is circular, rectangular, or an irregular shape, leading to a powerful analytical tool interpreted
comparably. Furthermore, in only a few instances have measurements been made, using the necessary
instrumentation, that reveal the detailed manner in which the foundation interacts with the supporting soil.

For the mat on foundation, information is available in technical literature on subgrade modulus.
Plainly, the reaction of soil against the base of a foundation is dependent on the deflection of the foundation;
therefore, the value of the subgrade modulus is not constant. For many problems of a mat on foundation,
however, a constant value of subgrade modulus will lead to acceptable solutions because deflections in
most cases are relatively small. The ability to compute the settlement of the mat at all points will allow the
engineer to use judgment about the value of modulus being used and adjustment in the value can be made
where indicated. The ability to study the influence of the various parameters that entered in the problem
gives the engineer powerful tools for analysis and design.

1.3 Program Features and Change Log

1.3.1 GeoMat 1.0 (2004)

The initial version was able to consider the soil-structure-interaction by using a generalized Finite-
element thick-plate model, and then analyze the behavior of slab or mat supported by soil springs as
subgrade. The first version of Program GeoMat has the following features that are designed to enhance
the ability of the engineer to obtain usable results.

e  The program employs well-established analytical solutions for soil-structure interaction under
static loading.

e  The program does not set a limit on the number of finite-element meshes for modeling. Only
the size of RAM in the user's computer will limit the available meshes. The element types
include 4-node linear elements, 8-node quadratic elements, and 9-node Lagrangian elements.

e  The soil is assumed to behave in the linear range, but the user may assign different values of
subgrade stiffness at desired locations of the foundation.

e  The user may input various concentrated loads at nodal points, distributed loads at any
element, and uniform loads for an entire mat or slab.
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e  The user may specify a mat or slab with any shape. The program has the capability to
generate automatically finite meshes for mats or slabs with rectangular shapes or circular
shapes.

e  The program will display the layout of finite-element meshes with nodal numbers and element
numbers.

e  The program will generate contour graphics of slab deformation and stress distribution.

A Windows GUI (Graphic User Interface) was used for input screens and file operation. All
variables have on-line text description or graphical symbols for definition. Also, all input data can be saved
and retrieved from disk. Finally, graphical output of pressure distribution, deflection moment, and shear
could be printed.

1.3.2 GeoMat 2.0 (2014)
The second version was developed in 2014 with several significant upgraded features and is fully
compatible with the latest operation systems including Microsoft Windows 7 and 8.

e  The program does not set a limit on the number of finite element meshes for modeling. Only
the size of RAM in the user's computer will limit the available meshes. The element types
include 4-node linear elements, 8-node quadratic elements, and 9-node Lagrangian elements.

e  The program enhances the contour graphics of slab deformation and stress distribution.

e  The program adds the function for “Section Cut” which is a useful tool to plot deflection,
bending moment, or stress components along one or more straight cut lines.

e  This version has the ability to compute deformation and stresses of space orthotropic plates.
Three common types covered in this version are: uniform plates with orthotropic
reinforcements, plate with orthotropic enhanced ribs, and plate with one way box section.

e  This software also provides the option for inputting user-defined orthotropic properties.

1.3.3 GeoMat 3.0 (2022)

The third version was developed in 2021 and 2022 with several significant upgraded features and
is fully compatible with the latest operation systems including Microsoft Windows 10 and 11.

e  The program includes the modified Vlasov model by Vallabhan and Das (1988) for solving
the soil-structure interaction in continuous medium. The modified Vlasov model has
improved the accuracy of the solution computed based on the Winkler soil model.

e  The program enhances the performance of 4-node linear elements in addition to the available
choices on a high-order quadratic elements (8-node) and Lagrangian elements (9-node).

e  The program adds a template to generate automatically finite meshes for wind-turbine
gravity foundations using octagon or circular shapes with various concrete thickness.

e  The program adds a practical example which is a useful reference for modeling the mat
foundation supported by piles (pile-raft foundations).

e  This version has the ability to assign the external loads from anchor bolts, which may be
arranged in circular rings, directly onto the associated nodes as inputted concentrated loads.
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1.4 Technical Support

Although computer program GeoMat was designed to be distinguished by its ease of use and by its
accompanying User’s Manual, some users may still have questions. The technical staff at ENSOFT
strongly supports all registered users with questions related to the installation or use of GeoMat, according
to the stipulations presented below. The software is provided with free maintenance service for the first
year. After the first year the user is encouraged to purchase the yearly maintenance services. The yearly
maintenance includes free download of the latest version/update and free technical support for installation
and usage issues as described below.

1.4.1 Preferred Methods of Software Support

Software support is given, in order of preference, by the following methods:
) FElectronic mail to: support@ensoftinc.com
e Faxto: (512) 244-6067
e  Telephone call to: (512) 244-6464, extension 2

Users are encouraged to utilize electronic means of support via email. In all technical support requests via
email, please include the following information:

e  full software version/release/update (obtained from the Help > About dialog),
e adescription of the user’s problem or concern,

e attach a copy of the input-data file that is associated with the issue/concern (files with
name/extension of the type filename.slb), and

e name and telephone number of the contact person and of the licensed user (or name and office
location of the licensed company site and/or serial number of the USB Key).

Although immediate answers are offered on most technical support requests, please allow up to two
business days for a resolution in case of difficulties or schedule conflicts.

Technical help by means of direct calls to our local telephone number, (512) 244-6464, is available, but is
limited to the business hours of 9 a.m. to 5 p.m. (US central time zone, UTC —6:00). The current policy of
Ensoft is that all telephone calls for software support will be answered free of charge if the user has a valid
maintenance contract.

1.4.2 Upgrade Verification and Internet Site

Starting from GeoMat v2022 the software provides options for the user to check the most recent
maintenance release through an internet connection by selecting Help > Check for Updates. This
command starts the default internet browser and will display the user’s maintenance expiration date, the
user’s software release number and the most recent release number that is available for downloading.

If the user’s version is not the latest version and the maintenance has not been expired, the user can
download the latest version from our web server directly (www.ensoftinc.com). Users may also consult

our internet site for additional information on software updates, demos, and new applications; technical
news; and company information.
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1.4.3 Renewal of Program Maintenance

The cost to renew program maintenance will depend on the length of time for which the program
maintenance has been expired. There are small price increases with time after expiration. The pricing
policy for renewing a program maintenance that has not expired can be found on the Ensoft website at
https://www.ensoftinc.com/order_form

1.4.4 Changes of Support Policy

The software support policy and associated expenses are subject to change at ENSOFT’s discretion and
without specific mailed notices to the users. However, any change of rules will be verbally provided during
telephone calls for software support.

User’s Manual (Rel. Aug/2022) GeoMat v2022


https://www.ensoftinc.com/order_form

CHAPTER 2. Installation and Getting
Started



CHAPTER 2 - Installation & Getting Started — 2-2

2.1 Installation Procedures

Program GeoMat is distributed with an associated USB key (hardware key or dongle). The
hardware key consists of a device that is attached to an empty USB port (or USB hub) of the computer in
use (or in the designated software server in the case of local network licenses). This method of software
protection has been found to provide compatibility with existing operating systems, better stability than
other alternatives, and allows users to obtain software updates or replacements via downloads from the
internet.

Before installing, your computer should be equipped with the following:
e Anopen USB port
e  Atleast 30MB of free space
e  Windows 7,8,10,11

The file, contained in the distribution media, is a Windows-based program which will assist the
user in installing all program modules into a user-selected directory with the proper settings used for the
Windows environment. The user is assumed to have basic knowledge in running applications under MS
Windows. The following steps are recommended for a successful installation.

2.1.1 Installation of Single-User Version

This version of GeoMat has been tested to be compatible with the following versions of the Microsoft
Windows® operating systems: Win 11, 10, Windows 8.1, 8, 7, Vista, XP, 2000 in either 32 and 64-bit
releases.

The following guidelines are recommended during the installation process of GeoMat for single-user
licenses.

1. Plug the supplied USB Key into one of the available USB ports in your computer. The USB Key is
plug-and-play compatible so the operating system will recognize the USB Key automatically and a
small solid green light should appear at the end of the USB Key (a flickering green light or no light
indicate problems with the standard windows driver or with the USB Key).

2. Ifthe user installs from a distribution USB Memory Stick and the main installation program does not
start automatically upon insertion of the Memory Stick then click on the Windows Start Menu button
and select Run. On the command line, type d:\setup.exe or e:\setup.exe, where d: or e: represents the
drive that contains the distribution Memory Stick. Click OK to execute the command and start the
main installation program for ENSOFT’s software. A screen similar to the one in Figure 2.1 should
appear.

If the user installs from a downloaded file, then please run the downloaded file (double click) and go
to instruction #4.

3. Click anywhere on the GeoMat 2022 icon and then click on the Install Standard button to start the
installation of GeoMat.

4. The user should read the license agreement shown in Figure 2.2. Users can review the License
Agreement online in the following link:

https://www.ensoftinc.com/doc/Ensoft%20License%20and%20Disclaimer.pdf
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The installer will place the same file (Ensoft License and Disclaimer.pdf) in the installation
directory. Please click Yes if you agree and would like to proceed.

5. Select Single-User License in Figure 2.3 then click Next. For network installations please contact
Ensoft support (support@ensoftinc.com).

6. The user will be provided with an option to select a drive and directory for the installation of example
files (see Figure 2.4). Default installation directory is the following:
(Root Drive)\Ensoft\GeoMat2022-Examples
7. The user will also be asked to select a drive and directory for the installation of GeoMat (see Figure

2.5). Default installation directory (varies according to the Windows release where it is installed) is
one of the following:

(Root Drive):\Program Files (x86)\Ensoft\GeoMat2022
(Root Drive):\Program Files\Ensoft\GeoMat2022

If the desired directory does not exist, the installation program will automatically create a new
directory in the chosen hard drive.

Ensoft, Inc. - Software Installations

Flease selectthe program wou wish to install
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Flease selectthe type of installation
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G
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Inztall Standard | Inztall Dema | Inztall W etwark,

r'ou must hawve the appropriate hardware lock to install full versions of our software

Figure 2.1 Main installation screen for ENSOFT software (may change with time)
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8. During the installation the user will be asked to set the file extension association for opening GeoMat
v2022 input data files (see Figure 2.6). If the user agrees (leaves the default check mark) then double
clicking (or running) any input data file with extensions of the type filename.slb will start the installed
GeoMat v2022 software.

9. The user will be prompted to confirm the shortcut directory name that will be created in the Windows

Start Menu (See Figure 2.7). The default is Start Menu/Programs/Ensoft/GeoMat2022. Windows
11, 10 and 8 will automatically create an Ensoft tile with the same shortcuts.

After the installation is finished, it is usually not necessary to reboot Windows for the program to run. The
user may run the program by selecting GeoMat v2022 from the standard links installed in the Microsoft
Windows® Start Menu: Start Menu > All Programs > Ensoft > GeoMat2022

License Agreement

License Agreement

Please read the following license agreement carefully.
Press the PAGE DOWM key to see the rest of the agreement.

PROGRAM LICEMSE AGREEMENT & DISCLAIMER "

IMPORTAMT MOTICE: The software you are about to install or previously
have installed from Ensoft Incorporated ("ENSOFT") is licensed only on the
condition that you agree to the terms and conditions set forth below.,
Please read the terms of this License Agreement & Disclaimer {"LICEMSE™)
carefully.

If you agree to be bound by the terms of this LICEMSE, please chedk mark
the box labeled ™YES — I Accept the terms of this License Agreement!” during
software installation so it can be installed on your computer,

W
(®) YES - I Accept the terme of the License Agreement!
(_JNO -1 DO NOT Accept the terms of the License Agreement!
www.ensoftine.com < Back Next = Cancel

Figure 2.2 Installation Screen with License Agreement (may change with time)
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Type of License

i

Please select the type of license purchased from Ensoft:

@ Single-User License
71 Metwork License

") Demo Version (Free)

www. ensoftine. com ’ < Back " Hext = ] ’ Cancel ]

Figure 2.3 Selection of Single-User License (may change with time)

Examples Directory

Please select the directory for Example files:

Setup will install the Examples in the following directory.
To install to this directory, didk Mext,

To install to a different directory, dick Browse and select another directory.

Browse

C:\Ensoft\GeoMat2022-Examples

wyww, ensofting, com < Back Cancel

Figure 2.4 Default Installation Directory for Example Files (may change with time)
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Choose Destination Location

Choose Destination Location

Setup will install GeoMat v2022 in the following directory.

To install to this directory, did: Next.
To install to a different directory, dick Browse and select another directory,

Destination Directory
Browse,..

C:'Program Files (x36)\Ensoft\GeoMat2022

Space reguired on drive: 43.4MB
Space available on drive: 657249, 3 MB

wyww, ensofting, com < Back Cancel

Figure 2.5 Default Installation Directory for Program Files (may change with time)

Set File Association

Set File Association

Setup will assodate some file types with GeoMat w2022,
Select the file types you want to assodate, dear the file types you do not want

to assodate.

File Types:
b sl GeoMat v2022 Data File

www, ensoftinc, com < Back Carnicel

Figure 2.6 File Extension Association for GeoMat Data Files (may change with time)
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Set Program Shortcuts

Set Program Shortcuts

Setup will add Shortcut to the Start/Program menu,

Start/Program Menu
|Ensnf‘t‘|,GenMat2022

Shortcuts are available for - All Users e |

wyww, ensofting, com < Back Cancel

Figure 2.7 Default Shortcut Folder in Windows Start Menu (may change with time)

2.1.2 Introduction of Network Version

Special network licenses and USB hardware keys (network keys) are available for users that want to operate
GeoMat on a Windows network. A network version is licensed for employees of one or more specific
office sites that are within white listed subnets. Discounted rates apply for purchases of multiple network
seats.

Network versions of GeoMat have special subroutines written for installations in “license manager” and
for installations of “individual clients”. The “license manager” is known as the computer that will be
carrying the network key provided by ENSOFT, INC. The license manager is not necessarily the same as
the existing network server but rather just a computer carrying the network key and managing the license.
Any computer in the existing Windows network may be designated license manager for GeoMat as long as
the network key is attached to an available USB port (or through an USB hub) and the “server” version of
the software (or of the Ensoft Utilities) is installed on its hard drive. Software “clients” may be all other
computers of the network that have the program installed as client. Client computers do not need any
hardware key attached to their local system. The program installed in “client computers” will be allowed
to run as long as the computer designated as “license manager” is accessible on the network with the proper
operating system and with its network key secured in place.

2.1.2.1 Installation of Network Version

Installers of network licenses should refer to a separate booklet with installation instructions for the
Network version of this product. The document can be downloaded from the Ensoft web site:

https://www.ensoftinc.com/doc/Ensoft Network License Installation Booklet.pdf

User’s Manual (Rel. Aug/2022) GeoMat v2022


https://www.ensoftinc.com/doc/Ensoft_Network_License_Installation_Booklet.pdf

CHAPTER 2 - Installation & Getting Started — 2-8

Alternatively, the document can be requested via email to support@ensoftinc.com

2.1.2.2 Silent Installations on Client Computers

For installation of network licenses on local client computers there is an option for command-based
installations that are completely silent (performed without other user input). Instructions for silent
installations on client computers can be downloaded from the Ensoft web site using the following link:

https://www.ensoftinc.com/doc/Silent%20Install%200n%20Client%20Computers.pdf

Alternatively, the document can be requested via email to support@ensoftinc.com

2.1.3 Backup of Original Software

The distributed software may be copied for backup purposes. The program may be installed in several
computers at the same time. However, unless network licenses are purchased, the program will only operate
in the computer that carries the appropriate USB Key.

2.1.4 Software Updates on the Internet

Occasionally, ENSOFT will produce software improvements and/or fixes and place the latest software
programs on ENSOFT’s internet site. Software users may download the latest program update from the
PRODUCTS > Downloads link in the following site: Attp.//www.ensoftinc.com

2.2 Getting Started

A first windows screen showing the menu choices, speed buttons, and operational controls of
program GeoMat is presented in Figure 2.8. The following paragraphs provide a short description of the
operational features of GeoMat and should quickly enable the user to get started with the program.

Several additional files are created in every new GeoMat run. A general description of these files
is presented in Table 2.1. Every run of GeoMat thus generates four text files in the same drive and directory
where the input-data file was saved or opened. Any of these files may be opened with standard text editors
or word-processing programs.

File Name Extension Usage Description File Format Example Files
*.slb Input data file GeoMat file examplel.slb
*.sin Input data file Text file examplel.sin
*.sou Output data file Text file examplel.sou
*.sms Message file Text file examplel.sms
*.sds Timestep data file Text file examplel.sds

Table 2.1 Files created in GeoMat runs

2.21 Starting the program

The program is started by double clicking the left mouse button anywhere in the GeoMat icon. A
new window will appear on the screen, with the following top-menu choices: File, Edit, View, Input Data,
Assign Data, Computation, Transform, Results, Options, Selection, Window, Help. As a standard
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Windows feature, all underlined letters of top menu operations indicate that choices may also be accessed
by keyboard combinations of ALT + [letter] (where [letter] represents the desired underlined letter).

* GeoMat 2022.3.1 - [GMat2]

Eile Edit View InputData Computations Transform Results Options  Selection  Window Help - &8 %

N+ =8 &2 [¢yse FEFR EFENEEEEEREEERE

n

=

For Help, press F1 I_IWI_ A
Figure 2.8 Default starting screen for GeoMat

A list of recently opened files is displayed in between Save As... and Exit.

2.2.2 File Management

The File menu contains several commands for file management and to create new models. A sample is
shown in Figure 2.9. Brief descriptions for each entry are as follows:

New ..., to create a new data file.

New from Template ... to create a new mesh data file with the template.
Oopen* ..., to open an existing data file.

Close... ...cccocvvvvvrveennnn. to close an existing data file.

Save ..., to save input data under the current file name.
Save AS... eeeeiiiiiiinn, to save input data under a different file name.
Print .....ccoovieeeii, to print the current graphics.

Print Preview... .......... to view the graphic layout before sending to the printer.
Print Setup ................... to setup printer configuration.

Page Setup ......ccceeennnnnn. to setup page border and configuration.

Save As Bitmap ............ to save graphics using Bitmap format.

EXit** to exit Program GeoMat.
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* Open...: If a partially completed GeoMat input file, or an invalid data file is opened, an information
window reporting that an “invalid or incomplete” file is being opened. Clicking OK dismisses the
message, and the previously saved data should be available. If a complete input file is loaded, an
information window reporting that “Data File: (name of file), has been read by GeoMat” should
appear, and the user should click OK.

** Exit: If the input file was modified but unsaved, a prompt will appear asking if the user would like
to save changes.

 GeoMat 2022.3.1 - [GMat2]

Eile Edit View |nputData Cemputations Transform  Results

T New aeN  p| 9| @] 2|5
Mew from template Ctrl+T
Open... Ctrl+0
Close
Save Ctrl+5
Save As..,
Print... Ctrl+P

Print Preview
Print Setup...
Page Setup

Save as Bitmap

1 examplel.slb
2 examplef.slb
3 CAEnsoft\..\exampled.slb
4 CAEnsoft\..\exampled.slb

Exit

Figure 2.9 Sample File Menu

2.2.3 View Management of Program Window

The View menu contains several toolbar options, as shown in Figure 2.10. By default, these options are
turned on when the program is launched. The choices are listed below, along with a general description of
their use.

File Toolbar ............. this option displays the toolbar associated with the options contained in the File and
Help menus.
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View Toolbar .......... this option displays the toolbar associated with the options contained in the Transform
menu.

Select Toolbar ......... this option displays the toolbar associated with the options contained in the Selection
menu.

Actions Toolbar ...... this option displays the toolbar associated with the options contained in the Input Data
menu.

Status Bar ............... this option displays the status bar at the bottom of the screen.

* GeoMat 2022.3.7 - [GMat2]

Eile Edit = Wiew |nputData Computations Transform  Besu

O = «  File Toolbar |+ ol e|e| &
~  View Toolbar
" Select Toolbar
~  Actions Toolbar
"  Results Toolbar
" Status Bar

Figure 2.10 View Menu

2.2.4 Data Input for Program Operation

The Input Data menu is provided for the control of program variables and preferences. The listing of menu

options is shown in Figure 2.11 and the different submenu choices are briefly described below. The user

may select any of the options without concern for the sequential order.

Title .o, this option allows the user to title the current evaluation. It is displayed in the Input File
and Output File.

Material Properties .. asadefault, the program considers the cross-section of the slab to be uniform. Young’s
modulus, Poisson’s ratio, and slab thickness may be modified as needed. This version
has the ability to compute deformation and stresses of space orthotropic plates. Four
types are covered in this version: uniform plates with orthotropic reinforcements, plate
with orthotropic enhanced ribs, plate with one way box section and general orthotropic
plate.

Node Coordinates .... the user should input in this box the coordinates of the mesh to be drawn on the slab.
This action is already performed for the user if the problem was designed using the
New from template... option in the File menu.

Time Stepping .......... the user should input in this box the coordinates of the mesh to be drawn on the slab.

Soil Stiffness ............ this option allows the user to solve soil-slab interaction using Mindlin’s Equation or
Vlasov approach.
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Element Type

Element Connectivity .

Integration Points

Nodal Constraints
Nodal Loads
Nodal Stiffness

Distributed Loads

Distributed Stiffness

Concentrated Loads

three element types are available for use in the analysis: Linear 4-noded, Quadratic 8-
noded, and Lagrangian 9-noded.

this window allows the user to specify the connecting edges of the elements. This
action is already performed for the user if the problem was designed using the New
from template... option in the File menu.

this option allows the user to select the number of integration points to be used in the
analysis: 1x1, 2x2, or 3x3.

this box allows the user to apply constraints at nodal points.
this option allows the user to apply loads at nodal points.
this option allows the user to apply stiffnesses at nodal points.

this option allows the user to select the element location and intensity of distributed
loads.

this option allows the user to select the element location and intensity of distributed
stiffnesses.

this option allows the user to place a concentrated load at any location on the slab.

Equivalent Concentrated Loads .. this option allows the user to place concentrated loads from anchor

Concentrated Stiffness
Edge Loads
Edge Stiffness

Element Sets

Section Cut

bolts of the mounting plate to the top of the foundation. The program will calculate
the location of each anchor bolts arranged in a circular pattern and the distributed load
on each anchor bolt based on the user-specified data.

this option allows the user to place a concentrated stiffness at any location on the slab.
this option allows the user to place a load along an edge.
this option allows the user to place a stiffness along an edge.

this option allows the user to create node sets in order to facilitate the ease of defining
nodal loads, stiffnesses, and constraints.

this option allows the user to create node sets in order to facilitate the ease of defining
distributed loads, distributed stiffnesses, and material properties.

this option allows the user to create node sets in order to facilitate the ease of defining
edge loads and stiffness

This option allows users to define cut lines for XY curve plot.
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* GeoMat 2022.3.1 - [example2.slb]

File Edit View InputData Computations Transform  Results  Options

O = Title |&ppq

Material Properties

Mode Coordinates
Time Stepping
Soil Stiffness

Element Type ¥
Element Connectivity

Integration Points -]

" Modal Constraints
+  Modal Loads
Modal Stiffness

Distributed Loads
Distributed Stiffness

Concentrated Loads
Equivalent Concentrated Loads

Concentrated Stiffness

Edge Loads
Edge Stiffness

»  Mode Sets
+  Element Sets
~*  Edge Sets

Section Cut

| |
Figure 2.11 Sample Input Data Menu

2.2.5 Computation Options

The Computations menu is provided to run the analytical computations after all data are entered and saved.

After the computation is executed successfully, this menu also provides options for the reviews of plain-

text input data, notes produced during computation, and output data. Submenu choices, shown in Figure

2.12, are briefly described below.

Run Analysis ............. this option is chosen to run the analytical computations. This option should be selected
after all data have been entered and saved.

View Input File ......... this option calls Microsoft Notepad to observe and/or edit the analytical input data in
plain-text format. The option becomes available after the input data has been saved
to disk, or when opening an existing input-data file.
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View Output File ...... this option calls Microsoft Notepad to observe, format, and/or print the analytical-
output data. The option becomes available only after a successful run has been made.
Certain output files may be too large for the Microsoft Notepad editor, so other text
editors would have to be used (Microsoft WordPad should be able to open most text
files).

View Message File .... this option calls Microsoft Notepad to observe the processor run notes which may
include error messages.

* GeoMat 2022.3.1 - [example7.slb]

File Edit View InputData Computations Transform  Results  Options  Selection Wind:
O = =R Run Analysis E’,|w|ﬁ n°|

View Input File
Wiew Output File

View Message File

Figure 2.12 Computations Menu

2.2.6 Manipulating the Slab Model

The Transform menu is used to manipulate and transform the slab model displayed in the program window.
The user may also access these operations via the View Toolbar shortcuts. Submenu choices, shown in
Figure 2.13, are briefly described below.

Panning .................. this function allows the slab model to be moved in the window.
Rotate .................... this function allows the slab model to be rotated around the origin.
Zoom In/Out .......... this function zooms in and out on the slab model.

Restart ................... this function resets the view to the original YZ plane view.

YZ View (Top) ......... this orients the slab in the YZ plane, looking at the top of the slab.

YZ View (Bottom) ... this orients the slab in the YZ plane, looking at the bottom of the slab.
XY View (Front) ...... this orients the slab in the XY plane, looking at the front of the slab
XZ View (Side) ......... this orients the slab in the XZ plane, looking at the top of the slab.
XYZ View (3Dview) .. this orients the slab in an orthographic 3D view.

Rotation Angles ....... this option allows the user to specify the desired rotation angle.
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* (GeoMat 2022.3.7 - [example?.slb]
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Figure 2.13 Sample Transform Menu

The Results menu provides additional options for viewing the slab after an analysis has been completed.
The submenu options, shown in Figure 2.14, are described below.

Select Step ........
Deformed Mesh

..... this option allows the user to choose the number of steps used in the solution.

this option displays the deformed shape of the slab, based on the user’s specified shape
deformation factor. The undeformed shape may also be displayed alongside the
deformed shape.

Contour Plot .......... this option creates a contour plot of various output information, such as deflection,

rotation, shear, moment, and stress.

Section Cut Plot ..... this option creates xy plots of various output information along the user-selected

Node Results .....

User’s Manual (R

cutting lines, such as deflection, rotation, moment, and stress.

this option displays deformation, plate forces, reactions, and plate stresses of one
specific node.
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* GeoMat 2022.3.1 - [example.slb]

File Edit View InputData Computations Transform | Results Options  Selection  Window Help

D& 3 2R | 4[Y @ sdase | EERIEEIE R
+  Deformed Mesh
Contour Plot

Section Cut Plot

~  MNode Results

Figure 2.14 Sample Results Menu

2.2.8 Option Menu

The Options menu provides various options for displaying data about the slab on-screen. Submenu options,
shown in Figure 2.15, are briefly described below.

Mark Nodes ........... this option marks the nodal points.

Node Numbers ........ this option displays the node numbers.

Element Numbers ... this option displays the element number.

Boundary Only ........ this option shows the slab and its edge boundary.

Local Axes ............... this option displays the axes associated with the slab.

Global Axes ............. this option displays the global axes of the workspace.

Solid Face ................ this option shows the elements as solid units.

Show Thickness ...... this option displays the thickness of the slab.

Nodal Constraint ..... this option displays the location of the user input nodal constraints
Nodal Loads ............. this option displays the location of the user input nodal loads.
Nodal Stiffness ........ this option displays the location of the user input nodal stiffnesses.

Concentrated Loads this option displays the location of the user input concentrated loads.
Concentrated Stiffness this option displays the location of the user input concentrated stiffnesses.
Concentrated Total Stiffness this option displays the nodal, concentrated, and distributed stiffnesses.
Distributed Loads ..... this option displays the user input distributed loads.

Distributed Stiffness . this option displays the user input distributed stiffness.

Edge Loads ............... this option displays the user input edge loads.
Edge Stiffness .......... this option displays the user input edge stiffnesses.
Font and Color .......... this option lets users control fonts and colors used for node/element number.
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5& GeoMat 2022.0 - [example7 slb] — O X
m File Edit View Input Data Computations Transform Results Options Selection Window Help - 8 x
Ded +Be(g R Y [[F&ee FER[EH Mark Nodss 3 [ ra] =[]

Node Numbers
Element Numbers
Boundary Only
Local Axes

Global Axes

Solid Face

Show Thickness

Nodal Constraint

Nodal Loads

Nodal Stiffness
Concentrated Loads
Equivalent Concentrated Loads
Concentrated Stiffness
Concentrated Total Stiffness
Distributed Loads
Distributed Stiffness

Edge Loads

Edge Stiffness

Font and Color

NUL

Figure 2.15 Available items contained in the Options menu

2.2.9 Selection Menu

The Selection menu provides options for selecting different members of the slab. Submenu options, shown
in Figure 2.16, are briefly described below.

Select Node ............. this option allows the user to select a node using the mouse button.
Selection Element ... this option allows the user to select an element using the mouse button.
Select Edge .............. this option allows the user to select an edge using the mouse button.
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3@ GeoMat 2022.0 - [example7 slb] — [l X

T;‘File Edit View Input Data Computations Transform Results Options Selection Window Help - 8 x

W & & 2w [[¢@lelel mt|elele|x] @] Select Node ml=s| 0| | e|=[+|E
Select Element

Select Edge

NUI

Figure 2.16 Options contained in the Selection menu

2.2.10 Window Menu

The Window menu provides the user with various ways to view the active documents. Submenu options,
shown in Figure 2.17, are briefly described below. The open windows are listed at the bottom of the menu,
after the divide line.

New Window .......... this option launches a copy of the current open window.
Cascade .................. this option stacks the open windows on top of one another.
Tile Horizontal ........ this option tiles the open windows horizontally.

Tile Vertical ............ this option tiles the open windows vertically.

Arrange Icons ........ this arranges the minimized windows

User’s Manual (Rel. Aug/2022) GeoMat v2022



CHAPTER 2 - Installation & Getting Started — 2-19

3@ GeoMat 2022.0 - [example7 slb] — [l X

D File Edit View InputData Computations Transform Results Options Selection Window Help - 8 x

D& & 2w [T elele PEEEe« 8 BEE =L NewWindow || = [
Cascade

Tile Horizontal
Tile Vertical

Arrange Icons

v 1 example7.slb

NUI

Figure 2.17 Options contained in the Window menu

2.2.11 Help Menu

The Help menu provides an online help reference on topics such as: using the program, entering data,

information about variables used in the program, and methods of analyses. The Help menu may be accessed

at any time while in GeoMat. Submenu options, shown in Figure 2.18, are briefly described below.

Help Topics ............. the main reference files for help are accessed through this submenu option. Clicking
on this option provides a screen with reference help for the following topics: File Menu,
Edit Menu, View Menu, Input Data Menu, Computations Menu, Transform Menu,
Results Menu, Options Menu, Selection Menu, Window Menu, and Help Menu. Under
each topic are additional subtitles that corresponds to data-entry headings. If the user
selects one of those, a help screen on the topic is displayed.

User’s Manual .......... this option is used to access a digital copy of the user’s manual
Technical Manual .... this option is used to access a digital copy of the technical manual
About ...................... this displays a screen describing the program version, date, and methods for accessing

technical support.
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3@ GeoMat 2022.0 - [example7.slb]

— O X
T;‘File Edit View Input Data Computations Transform Results Options Selection Window  Help - 8 x
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User's Manual
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Figure 2.18 Options contained in the Help Menu
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3.1 File Menu

This menu, shown in Figure 3.1, contains options related to the management of input data files and
to exit the program. Input data files created for GeoMat are provided with a standard file-name extension
in the form of *.s/b (where * represents any allowable file name). All input-data files are standard text files
and may be edited with any text editor or word-processing program.

£ GeoMat 2022.0 - [GMat4)] - ] X
File Edit View InputData Computations Transform Results Options Selection  Window Help - 8 x
T New cen |9 || BE|RRE x| B |[HEEx L5 sl x| E] o
o New from template Ctrl+T
= Open.. Ctrl+Q

Close

Save Ctrl+S

Save As...

Print... Ctrl+P

Print Preview

Print Setup...

Page Setup

Save as Bitmap

1 Chprojectst...\example?.slb ¥
2 C\projects\...\examplebn.slb
3 Ch\projectsh...\example6.slb

4 Chprojectsh..\example3.slb

Exit

[ wm[

Figure 3.1 Window screen for the File menu

3.1.1 File — New

Once the program is started, default values are used for certain operating parameters and a blank,
input data file is created. Selecting New under the File menu resets all GeoMat variables to either default
or blank values, as appropriate. This option should be selected when a new data file is desired to be
created from a blank form. This menu option may also be accessed with the Ctrl+N keyboard combination

3.1.2 File — New from template

To assist the user in creating an input file, the New from template option may be selected.
GeoMat provides three templates: conventional rectangular or circular plate, octagonal wind turbine
foundation, or circular wind turbine foundation (Figure 3.2). Later two options are specifically used for
soil-slab interaction of wind turbine foundations by means of Vlasov or Mindlin approach.
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Slab Type >

Select Slab type
¢ Circular or Rectangular Conventional

" Octagon Wind Turbine Foundation

"~ Circular Wind Turbine Foundation

Figure 3.2 Options for various template

The first option is used for a conventional circular or a rectangular plate (Figure 3.3). A new template
dialog box prompts the user for the geometric and computational properties of the slab. The shape,
number of nodes for computation, dimensions, and number of grid divisions may be easily entered with
this interface. This automatically fills the Node Coordinate, Element Type, and Element Connectivity data
in the Input Data menu.

There are three types of shapes to choose from: Circular, Rectangular - Equally Spaced, and Rectangular -
General Spacing. With each option, the bottom portion of the window reflects the needed input to draw
the slab model. Examples of each screen associated with these choices are shown in Figure 3.3 to Figure
3.5. The Rectangular General Spacing allows users to input the grid locations, an example is shown in
Figure 3.6. The user may also select the element type to be used in the analysis. Three types are available:
Linear 4 noded, Quadratic 8 noded, and Quadratic 9 noded.

Mew Project from Template x
Shape Element Type
0K
% Circular " Linear 4 noded
" Rectangular - Equally Spaced {* Quadratic 8 noded
" Rectangular - General Spacing (" Quadratic 9 noded
Circular
Diameter

Dismeter

1
Mumber of divisions 5

W

Figure 3.3 Input screen for the Circular option
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Mew Project from Template *
Shape Element Type
QK |
" Circular " Linear 4 noded
¥ Rectangular - Equally Spaced {* Quadratic 8 noded
" Rectangular - General Spacing ™ Quadratic 9 noded

— Rectangular - Equally Spaced

Length |1
‘f-direction - Length
Mumber of divisions |5
=
Width I— E . * *
[ 1
Z-direction
Mumber of divisions |5

W

Figure 3.4 Input screen for the Rectangular option — Equally Spaced option

Mew Project from Template x
Shape Element Type
QK |
" Circular ™ Linear 4 noded
" Rectangular - Equally Spaced & Quadratic 8 noded
¥ Rectangular - General Spacing " Quadratic 9 noded

— Rectangular - General Spacing
Length
Grid *-direction |

Length
%

Mumber of divisions

Width

Width

Grid Z-direction |

T

Mumber of divisions

Figure 3.5 Input screen for the Rectangular option — Generally Spaced option
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Grid X direction x|
MNumber Span Total $
Divisions Lenght Lenght Cancel
1] 1 5 | 5
2[ 2 | 3 | 8
3 | 3 | n | 3 Add Span
4 | 4 | 5 | 12 Insert Span
Number
of Spans

'

Figure 3.6 Grid Y direction input screen for the Rectangular option — Generally Spaced option

If option 2 in Figure 3.2 is selected, a new template for octagon wind turbine foundation(WTB) is shown
as in Figure 3.7. Ly, L, are plane dimensions for this octagon WTB. D is the diameter for the circular
pedestal. D;~D5 are step sizes in the thickness direction. In this template, loads P,V and M are optional.
P is the vertical thrust force from tower weight, instrument weight or vertical component of wind loads.
V is the shear force applied to the top of the foundation. Note that if the shear force V is non-zero,
appropriate nodal constraints should be defined to avoid rigid body motion of the foundation. Non-zero
loads P,V and M will be discretized to equivalent nodal loads by GeoMat automatically. The default finite
element is set to quadratic eight-noded element with 2x2 integration rule.

Element refinement is determined by typical element size. Majority of elements will be generated in the
square shape and each edge will follow this size approximately. The default element size is estimated by
GeoMat. Users can override it to generate a coarser mesh or a finer mesh by inputting a new size. Angle
a is the angle between load plane of V, M and horizontal y axis. Positive angle is in the clockwise
direction. As an example, entering 90 will define a wind load in the downward direction.
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Template of Octagen Shape

T T+

rPlane Dimension
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L2 17.0
D |14.0

Angle(deg) = Ig
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“ —Section Dimension —————————————
Di=
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D2= I 5.0
P D3= I 3.5
M
v 8
& = 500.0
V= 0.0
M= |sonno.n
Finite Element Option —Integration Rule
" Linear 4 noded R
#* Quadratic 8 noded S
" Quadratic 9 noded ~
Typical FE Size |0.88
OK I Cancel |

Figure 3.7 Template for octagon wind turbine foundation

The third option for the new template is also a wind turbine foundation in circular shape (Figure 3.8). R;
is the radius of the pedestal. R, is the radius of the second circle. R; is the radius at the foundation
bottom. Other parameters have the same meanings as the octagon wind turbine foundation.
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Template of Octagen Shape *
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"
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/’L'\_\] ¥ Load
—i

P = 500.0
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M= 50000.0
Finite Element Option Integration Rule
" Linear 4 noded ~
{* Quadratic 8 noded & no
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OK | Cancel |

Figure 3.8 Template for circular wind turbine foundation

3.1.3 File — Open

This option is used to open a file that has been previously prepared and saved to disk. The File -
>0pen window dialog, shown in Figure 3.9, is used to search for an existing input-data file. By default,
the file is initially searched in the directory where GeoMat was installed. Standard, windows-navigation
procedures may be used to locate the name and directory of the desired project file. This menu option
may be accessed with the Ctrl+0O keyboard combination.

Every analytical run of GeoMat produces several additional files, as described in Error! Reference
source not found.. The name of the input-data file indicates the names of all related files produced by a
successful execution (output, graphics, and processor-text files). All the additional program files will be
created in the same directory as the input file. Input-data files that are partially completed may be saved
and later opened for completion, run, and view of results.

Opening partially completed, input files or invalid data files may produce an information window
reporting that an “invalid or incomplete” file is being opened. The user should click the OK button and all
partial-input data that was previously prepared should become available.
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Figure 3.9 Window screen for the File — Open dialog

3.1.4 File — Save

This option is used to save input data under the current file name. With this method of storing
data to disk, any input data that was previously saved with the same file name is replaced with the current
parameters. Input-data files should be saved every time before proceeding with runs for analytical
computation. This menu option may also be accessed with the Ctrl+S keyboard combination.

3.1.5 File — Save As

This option allows the user to save any opened or new input data file under a different file name
or different directory. Any input data file saved under an existing file name will replace the contents of
the existing file.

3.1.6 File — Exit
This is selected to exit GeoMat. Any input-data file that was modified and not yet saved to disk
will produce a confirmation window before exiting the program (see Figure 3.10).
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Figure 3.10 Message window advising that changes were not saved to disk

3.2 Input Data Menu

The input of specific parameters for an application is controlled under options contained within
this menu, shown in Figure 3.11. It is recommended that the user chooses each submenu and enter
parameters in a consecutive manner starting from the top option.

Selecting or clicking any of the submenu choices contained in the Data menu produces various
types of windows. As a reminder of standard commands of Microsoft Windows, open windows may be
closed by all or some of the following methods:

e clicking the OK button (if available), or

e clicking the “ box on the upper-right corner of the window, or
e double-clicking the GeoMat icon on the upper-left corner of the window, or
e using the Ctrl + 0 keyboard combination, or

e clicking once on the GeoMat icon on the upper-left corner of the window and then choosing Close.

Open windows may optionally be left open on the screen. The selection of other menu options
will then produce new windows on top of those that were left open.
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Many sub-windows of the Data menu will show an Add Row, Insert Row and/or Delete Row
buttons. The Add Row button always adds new rows at the end after all existing rows. The Insert Row
button always inserts a new row right after an existing row highlighted by the mouse. Clicking on the
Delete Row button deletes the row where the cursor is located.

3.2.1 Numeric Data Entries and Sign Conventions

Cells that require numeric data only accept simple numeric entries. Entering a mathematical
expression works similarly to normal numeric data. If a non-valid number is inputted, the program will
display an error message.

The user is reminded to keep consistent units since units are not explicitly defined in the program.
The sign conventions in this program are based on the right-hand rule, which use X direction for the load
or displacement perpendicular to the plate and the plate planar dimension is defined in Y and Z directions.

Scientific notation (i.e. 1.65e8 or 1.65e-8) may be used to input very large or very small numbers.
After an expression is calculated, very large or very small numbers will be displayed using scientific

notation.
3& GeoMat 2022.0 - [example7.slb] — O X
D File Edit View Input Data Computations Transform Results Options Selection Window Help - 8 x
D e ¢ Tite g [ o] x| =] mfm x|=] aofas] o] oe]=]+]E]

Material Properties

Node Coordinates

Time Stepping
Soil Stiffness

Element Type >

Element Connectivity

Integration Points >
Nodal Constraints

~ Nodal Loads
Nodal Stiffness

Distributed Loads
~  Distributed Stiffness

Concentrated Loads 4

Equivalent Concentrated Loads

Concentrated Stiffness

Edge Loads
Edge Stiffness

~  Node Sets

S

Element Sets
v Edge Sets

Section Cut
| \ \

NU

Figure 3.11 Options contained in the Input Data menu
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3.2.2 Input Data -Title

This option activates the window shown in Figure 3.12, where the user can enter a line of text
containing a general description for the application problem. Any combination of characters may be
entered in the text box in order to describe a particular application. The user input will be restrained
automatically once the maximum length of text is reached. This is done to prevent the user from going
beyond the maximum permissible length of characters allowed for the title line.

Title x|

Erter project title:

Example 2

QK Cancel

Figure 3.12 Window screen for sample Data — Title

3.2.3 Input Data — Material Properties

This menu option launches the window shown in Figure 3.13, where the user can specify the type
of materials. The current version of GeoMat allows the user to select Isotropic plate/slab and Orthotropic
plate/slab with various configuration. The properties may be varied across different sections by using the
Add Material function. The program will ask the user to select proper representation from the following
five different categories: Isotropic, Orthotropic Reinforcement, Orthotropic Enhances Stiffener,
Orthotropic One Way Box Section, and User Defined Property.

Isotropic Properties
Enter the Element Number/Set and after the material selection click the Define button, the screen

for material properties will be shown for data entry (Figure 3.14), including the location of the material
properties of the slab. The input requested is the Young’s Modulus, Poisson’s Ratio, and Slab Thickness.
If the New from template option is used, the material properties are set to the default values of ALL for
the Element Sets, 3000 for Young’s Modulus, 0.3 for Poisson’s Ratio, and 1 for Slab Thickness.
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Material Data

% [=Ema Material Type Edit Properties K
Number/Set
1 ALL - Define Cancel

P
Orthotropic Reinforcement Apply

Orthotropic Enhanced Stiffener
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Delete Material

il el

Number of
Materials

q

Figure 3.13 Window screen for material selection under Input Data Menu — Material Properties

Material Properties X

OK

Element Number/Set  |ALL

Cancel
Young Modulus 2000

Poisson's Ratio 03

Slab Thickness 1| %

Figure 3.14 Window screen for material data Under Material Properties

Orthotropic Properties
This version can compute deformation and stresses of space orthotropic plates. Three types of orthotropic

plates/slabs available in this version are: uniform plates with orthotropic reinforcements, plate with
orthotropic enhanced ribs, and plate with one way box section. This version also provides the option for
inputting user-defined orthotropic properties.

Type 1: Uniform plate with orthotropic reinforcement
The input interface is shown in Figure 3.15. As1 and As2 are areas of reinforcement above or below the

plate neutral axis. X1 and x2 are distances from the center of reinforcement to the neutral axis.

Type 2: Plates with orthotropic enhanced stiffener
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The input interface is shown in Figure 3.16. The dimension and location of each component on the
orthotropic plate are sketched and shown in the input screen for the user to follow.

Type 3: Plates with one-way box section

The input interface is shown in Figure 3.17. The dimension and location of each component on the
orthotropic plate are sketched and shown in the input screen for the user to follow, where t1=thickness
of top plate, t2=thickness of vertical plates, t3=thickness of bottom plates.

Type 4: User defined orthotropic plates

This option allows the user to define orthotropic plates. There are six input parameters that are needed
for defining the orthotropic properties as shown in Figure 3.18. The flexural and shear rigidities are
defined in the technical manual. (Note the x, y and z coordinate axes are defined differently than those
used in user input GUL.)

Orthotropic Reinforcement >
asl g [ o
1 xl
0 ¥
[y J— - L &
X
asi —a L L
= I x3
*. T
s xd
asd — i e .
x
Element Set Young's Modulus Young's Modulus Poizson's Ratio Thickness
of Concrete of Reinforcement
ALL [pooo] 2000 03 [1
Rebar parallel to z axis Rebar parallel to y axis
Reinforcement As1= |0 Reinforcement As3= |0
x1= |0 x3=|0
Reinforcement As2= [0 Reinforcement As4= (0
x2= [0 x4= |0
ok | cancel |

Figure 3.15 Window screen for material data Under Material Properties using uniform plate with
orthotropic reinforcement
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Orthotropic Enhanced Stiffener *
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hl
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Stiffener Parallel toyaxis ——— Stiffener Parallel to z axis
Stiffener Web Height h1= lu— Stiffener Web Height h2= lu—
Stiffener Web Width b1= lu— Stiffener Web Width b2= lu—
Effective Width c1= lu— Effective Width c2= lu—

Torsional Stiffness Reduction = I-I—
ok | Cancel |

Figure 3.16 Window screen for material data Under Material Properties using orthotropic plate with
enhanced stiffener

Orthotropic One Way Box Section X

Element Set = IALL “Young's Modulus of Concrete = Im
Poisson's Ratio = Iu._g Thickness = |-|

Width of One Section b= Iu Height of Section h= Iu
MNumber of Section n= Iu.
Ok | Cancel |

Figure 3.17 Window screen for material data Under Material Properties using orthotropic plate with
one-way box section
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Thickness  [q

Flexural Rigidity Dyy = [p

Dzz = ,1]7

O

O
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Cancel

Figure 3.18 Window screen for material data Under Material Properties using user-defined section

3.2.4 Input Data — Node Coordinates

This submenu allows the user to manually input the locations of each nodal point. If the New
from template option is used, the coordinates are automatically determined and entered here for the
user. For a mat that is neither rectangular nor circular, the user may enter the node coordinates one by
one. The user may also modify the automatically generated node coordinates by adding new node
coordinates or revising the existing coordinates.

3.2.5 Input Data — Time Stepping

If the user chooses to ask the program to estimate the soil subgrade stiffness based on the Young’s
modulus of the foundation soil, the program will estimate the soil stiffness using iterative procedures until
the compatibility between the mat movement and soil stiffness converges. The process uses non-linear
iteration for achieving the convergence and the user needs to specify the parameters associated with the
iteration process shown in Figure 3.19.

If the user enters the soil stiffness and support externally, “Time Stepping” is not needed and may
leave default values for this option.
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Figure 3.19 Window screen for Input Data Menu — Time Stepping

3.2.6 Input Data — Soil Stiffness

This submenu is disabled as a default but may be enabled if the user chooses to ask the
program to estimate the soil subgrade stiffness based on the Young’s modulus of the foundation soil.
The program will estimate the soil stiffness using iterative procedures until the compatibility between
the mat movement and soil stiffness converges. The associated screen is shown in Figure 3.20. Option
1 does not consider soil stiffness. This is the default option. Users may also select option 2 to estimate
soil stiffness using Vlasov approach. Corresponding input window is shown as in Figure 3.21. The Young's
modulus at top and bottom can be different. The default initial gamma=1 works well for most cases. If
soil depth is significantly high, the initial gamma can be greater than 1 and smaller than 5. Option 3 uses
Mindlin equation to estimate soil stiffness (Figure 3.22). Mindlin’s equations are also used to calculate
the stress-strain behavior in the soil. The detailed iteration procedures are discussed in the Technical
Manual.
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Soil Stiffness X
® Do not consider Soil Stiffness
" Estimate Soil Stiffness using Vlasov Approach Cancel |

(" Estimate Soil Stiffness using Mindlin Equation
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Poisson's Ratio 03

1’

Initial Stiffness 500

W

Figure 3.20 Window screen for Input Data Menu — Default option

Soil Stiffness X
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@ Estimate Soil Stiffness using Vlasov Approach Cancel |
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Young Modulus at Top 1000
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W

Figure 3.21 Window screen for Input Data Menu — Vlasov approach
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:
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Figure 3.22 Window screen for Input Data Menu — Mindlin equation

3.2.7 Input Data — Element Type

This option allows the user to choose the type of element to be used in the analysis. There are
three options: Linear 4-noded, Quadratic 8-noded, and Lagrangian 9-noded. If the New from template
option is used, this choice is automatically made for the user.

3.2.8 Input Data — Element Connectivity

This selection launches the Element Connectivity window. This allows the user to define the
nodes for each element number. If the New from template option is used, these values are automatically
filled in for the user. The user can modify the data if an irregular shape is required for the meshes.

3.2.9 Input Data — Integration Points

This submenu allows the user to select either a reduced or normal integration procedure to be
used for the analysis. For linear 4-noded elements, only one integration point in each element is available.
Otherwise, the user can select 2x2 or 3x3 for the integration points.

3.2.10 Input Data — Nodal Constrains

This submenu item opens the Nodal Constraints dialog box, as shown in Figure 3.23. Here, the
user inputs the node(s) where the restraint is located. Both translational and rotational restraints at nodal
points may be restricted using this feature.

User’s Manual (Rel. Aug/2022) GeoMat v2022



CHAPTER 4 - Finite Element Mesh — 3-19
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Figure 3.23 Window screen for Input Data Menu — Nodal Constraints

3.2.11 Input Data — Nodal Loads
This window allows the user to specify the location of a point load applied at a nodal point. A
sample screen of this box is shown in Figure 3.24. The units for nodal loads are F.

Modal Loads x|
oK |

Node Force Force Force Moment Moment Moment
Number X Y hd X Y z Close |

L i 0| f 0 Cf o 0 0

Apply

.

Sort
Add Row
Inset Row

Delete Row

Hil

Mumber of
WS

&

Figure 3.24 Window screen for Input Data Menu — Nodal Loads

3.2.12 Input Data — Nodal Stiffness
This window allows the user to specify the location of a concentrated stiffness applied at a nodal
point. A sample screen of this box is shown in Figure 3.25. The units of nodal stiffness are F/L.
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Figure 3.25 Window screen for Input Data Menu — Nodal Stiffness

3.2.13 Input Data — Distributed Loads

This option displays the window shown in Figure 3.26. The user may enter pressures which are
distributed over an element or elements. Both distributed force (the units are F/L?) and distributed
moment (the units of are F-L/L?) can be specified.

Distributed Loads

\—m

K
Element D. Force D. Force D. Force D. Mom D. Mom D. Mom
Number X Y il X Y Fd Cancel

1 K 2 T o ] | 0 | | 0

P!
So
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il

Delete Row

Number of
W3

&

Figure 3.26 Window screen for Input Data Menu - Distributed Loads

3.2.14 Input Data — Distributed Stiffness
This option displays the Distributed Stiffness input box, shown in Figure 3.27. The user may enter
here stiffnesses which are distributed over an element or elements. Both rotational and translational

stiffnesses can be specified. The units for distributed translational stiffness are F/L3. The units for

distributed rotational stiffness are F—L/Rad./LZ.
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Figure 3.27 Window screen for Input Data Menu - Distributed Stiffness

3.2.15 Input Data — Concentrated Loads

This option displays the window shown in Figure 3.28. The user may specify the exact coordinates
of a point load which is not located at a nodal point. The units for concentrated force are F. The units for
concentrated moment are F-L.

Concentrated Loads
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=
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3 0| 76 | 39 | 134 | 0 | 0| 0 | o | 0
4| o s | as | | 0 | 0| 0| 0 | 0 Add Row
Insert Row
Delete Row
Number of
Rows
B

Figure 3.28 Window screen for Input Data Menu — Concentrated Loads

3.2.16 Input Data — Equivalent Concentrated Loads

This option displays the window shown in Figure 3.29. This option allows the user to place
concentrated loads from anchor bolts of the mounting plate to the top of the foundation. The user can
specify the number of circular rings for anchor bolt arrangement and the diameters of each ring. The user
also needs to specify the loads (six-degree of loading) applied on the foundation through the anchor bolts.

The program will calculate the location of each anchor bolt arranged in a circular pattern and the
distributed load on each anchor bolt based on the user-specified data.
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Figure 3.29 Window screen for Input Data Menu — Equivalent Concentrated Loads

3.2.17 Input Data — Concentrated Stiffness

This option displays the Concentrated Stiffness input box, shown in Figure 3.30. The user may
specify the exact location of a concentrated stiffness which is not located at a nodal point. The units of
concentrated translation stiffness are F/L. The units of concentrated rotational stiffness are F-L/Radian.

Concentrated Stiffnesses
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Figure 3.30 Window screen for Input Data Menu — Concentrated Stiffness

3.2.18 Input Data — Edge Load
This option displays the Edge Load input box, shown in Figure 3.31. The user may enter a line load
to be evenly distributed along an edge.
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Element: the user can select a single element or a group of elements with the same edge stiffness (see
Input Data - Element Set).

Side No.: each element may have 3 sides or 4 sides. The user needs to specify which side with the edge
stiffness.

DOF Index: there are 6 degrees of freedom on each edge node. The degree freedom index is 1 for
translation in X direction, 2 for translation in Y direction, 3 for translation in Z direction, 4 for rotation
about X axis (not available in this program), 5 for rotation about Y axis, and 6 for rotation about Z axis.

Load Node 1: each side of an element usually has either 2 nodes or 3 nodes. Load Node 1 is for one of the
edge nodes. Enter the load (based on the DEF index) on this nodal point.

Load Node 2: each side of an element usually has either 2 nodes or 3 nodes. Load Node 2 is for the other
one of the edge nodes. Enter the load (based on the DOF index) on this nodal point.

Load Node 3: each side of an element usually has either 2 nodes or 3 nodes. Stiff Node 3 is for the middle
node if a quadratic element is used. Enter the load (based on the DEF index) on this nodal point.

The units for edge translation load are F/L. The units for edge bending moment are F-L/ L.

Edge Loads

@ Blement Side DOF  load  Load Load
MNode 1 MNode 2 Mode 3 Close

1] WALL | 0| 1] os| o8| 08

So
Add Row

Insert Row

I

Delete Row

MNumber of
ows

j‘m

Figure 3.31 Window screen for Input Data Menu — Edge Load

3.2.19 Input Data — Edge Stiffnesses
This option displays the Edge Stiffnesses input box, shown in Figure 3.32. The user may enter
stiffnesses which are distributed along an element edge.

Element: the user can select a single element or a group of element with the same edge stiffness (see
3.2.21 Input Data — Edge Sets).

Side No.: each element may have 3 sides or 4 sides. The user needs to specify which side with the edge
stiffness.
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DOF Index: there are 6 degrees of freedom on each edge node. The degree freedom index is 1 for
translation in X direction, 2 for translation in Y direction, 3 for translation in Z direction, 4 for rotation
about X axis (not available in this program), 5 for rotation about Y axis, and 6 for rotation about Z axis.

Stiff Node 1: each side of an element usually has either 2 nodes or 3 nodes. Stiff Node 1 is for one of the
edge nodes. Enter the translation or rotational stiffness (based on the DEF index) on this nodal point.

Stiff Node 2: each side of an element usually has either 2 nodes or 3 nodes. Stiff Node 2 is for the other
one of the edge nodes. Enter the translation or rotational stiffness (based on the DEF index) on this nodal
point.

Stiff Node 3: each side of an element usually has either 2 nodes or 3 nodes. Stiff Node 3 is for the middle
node if quadratic element is used. Enter the translation or rotational stiffness (based on the DEF index)
on this nodal point.

The units for edge translation stiffness are F/LZ. The units for edge rotational stiffness are F-L/Rad./L.

Edge Stiffnesses
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Figure 3.32 Window screen for Input Data Menu — Edge Stiffnesses

3.2.20 Input Data — Node Sets

This window, shown in Figure 3.33, allows the user to define groups of nodes. This option
facilitates the assignment of nodal properties by grouping nodes together into node sets. The user enters
an alpha-numeric name for the set, then selects the nodes to be placed in that group. To use a defined
node set, the name of the node set is entered in lieu of the node number. By default, the set ALL is defined
as the node set containing all of the nodes in the slab.

To select the nodes to be included in a named group, click the Define button. This opens the
screen shown in Figure 3.34. Using the Add Row button, enter the range of nodes to be added to the set.
For greater ease in selecting nodes, use the Selection - Select Node function to “point and click” on the
desired nodes.
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Figure 3.33 Window screen for Input Data Menu — Node Sets
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Figure 3.34 Window screen for selecting nodal points under Input Data Menu — Node Sets

3.2.21 Input Data - Element Set

This window, shown in Figure 3.35, allows the user to define groups of elements. This option

facilitates the assignment of element properties by grouping elements together into element sets. The

user enters an alpha-numeric name for the set, then selects the elements to be placed in that group. To

use a defined element set, the name of the element set is entered in lieu of the element number. By

default, the set ALL is defined as the element set containing all of the elements in the slab.
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To select the elements to be included in the group, click the Define button. This launches a
window similar to that seen in Figure 3.36. For greater ease in selecting elements, use the Selection -
Select Element function to “point and click” on the desired elements.

Element Set

OK
Set Action

1 |ALL
2 |Line| Define Apply

Cancel

I

w
=}
=

Add Row

Insert Row

i

Delete Row

Number of
Rows

q

&

Figure 3.35 Window screen for Input Data Menu — Element Sets

Element Set - sd

o

Element Final Increment
Number/Set Cancel

b

il

g

P

[+
S
=
=1
w
=]
=

Add Row

Insert Row

Hll

Delete Row

Number of
Rows

@,q

Figure 3.36 Window screen for selecting nodal points under Input Data Menu — Element Sets

3.2.22 Input Data — Edge Sets

This window, shown in Figure 3.37, allows the user to define groups of element edges. This option
facilitates the assignment of edge properties by grouping edges together into edge sets. The user enters
an alpha-numeric name for the set, then selects the edges to be placed in that group. To use a defined
edge set, the name of the edge set is entered in lieu of the element and edge number. By default, the set
ALL is defined as the set containing all of the edges in the slab.

User’s Manual (Rel. Aug/2022) GeoMat v2022



CHAPTER 4 - Finite Element Mesh — 3-27

Edge Set

e}
Set Action

1 (ALL Define
2 [waLL Define | Apply

Close

iy

Add Row

Insert Row

Delete Row

Ele:

Number of
Rows

q

&

Figure 3.37 Window screen for sample Input Data Menu — Edge Sets

To select the edges to be included in a named group, click the Define button. This opens the
screen shown in Figure 3.38. Using the Add Row button, enter the edges to be added to the set. For
greater ease in selecting edges, use the Selection — Select Edge function to “point and click” on the desired

edges.
Edge Set - WALL X
OK |
Elem. Final Increment Side
Edge Set Close |
1| bg | 29 | 1 | 2
2 19 | 19 | 1 2 &l
3| 29 | 29 | 1 | 3 Sort |
4| 28 | 28 | 1 3 Jr— |
5| 27 | 27 | 1 | 2
Insert Row |
ﬁl 17 | 17 | 1 | 2
Delete Row |
Number of
Rows

@F:‘

Figure 3.38 Window screen for selecting edges for Input Data — Edge Sets

3.2.23 Input Data — Section Cut
Section cut is a useful tool to plot stress components along one or more straight cut lines. The
input interface is shown as in Figure 3.39.

1. Number of sample division of each segment.
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When one cut line passes through the region of a mesh element, it will be divided into several
line segments by intersected elements. The default segment division is 4 with equal spaces.
Outputs are given at 5 points: two locate on finite element edges, three locate inside this
element. The default division number can be modified by user.

2. Source of stress points:
Two options are available to select the stress source for interpolation. Option one use stresses
from Gaussian integration points. Another option uses stresses at the nodal position.
Generally, stresses are accurate at Gaussian integration points. The nodal values are averaged
from adjacent elements and are less accurate. But at region with sharp deformation gradient,
stresses are often not continuous from one element to another. Using the nodal value option is
helpful to smooth the curve plot.

3. Define cut lines
The user inputs the end coordinates to define one cut line. Two default cut lines are defined
automatically: one horizontal and one vertical. Both default cut lines pass through the origin
point (0, 0). Note that the coordinates of end nodes of one cut line shall locate outside of the
plate.

Section Cut

Ol

X
Interpolation Option @ Segment division
@ @ Integration Point ”4 ﬂ EEnEE
" Node
Add Cut Line
Start Point End Point
@ Del Cut Line
coordinate y coordinate z coordinate y coordinate z
1 o 55 o
2 o [55 o 55
3 |55 |55 55 55

Figure 3.39 Window screen for sample Input Data Menu — Section Cut

The cut line can be horizontal, vertical or in an arbitrary angle. Section cut results can be found
from the output file *.sou. One sample is shown in Figure 3.40:
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Section cut output

Cut line= 1 Start at point: v= =5.1000 == 0.0000 End at point: w= §.1000 =z= 0.o0000
Element =1 Def lecton Theta_v Theta_z W Mz vz Q =y Q0 _mz
181 0.0000E+00 0. 0000E+00 0.1343E-20 —-0.1430E-04 -0.1018E+01  —0.2250E+01 0.1340E+00  —0.2062E+02 0.9410E+01
181 0.1250E+00 0.1799E-05 0.1187E-20 —-0.1428E-04  -0.1156E+01 —-0.2321E+01 0.1217E+00  -0.202BE+02 0.6337E+01
181 0.2500E+00 0. 359BE-05 0.1031E-20 -0.1426E-04  -0.1295E+01  —-0.2392E+01 0.1095E+00  —0.1993E+02 0.3263E+01
181 0.3750E+00 0. 5398E-05 0.8753E-21 —-0.1424E-04  -0.1433E+01  —0.2462E+01 0.9728E-01  —0.1959E+02 0.1890E+00
181 0.5000E+00 0.7197E-05 0.7195E-21 -0.1422E-04  -0.1572E+01  —-0.2533E+01 0.8505E-01  -0.1925E+02  —0.2885E+01
182 0.5000E+00 0.7197E-0% 0.7195E-21 -0.1422E-04  -0.1572E+01  —-0.2533E+01 0.8505E-01  -0.1925E+02  —0.2885E+01
182 0.6250E+00 0.9216E-05 0.1152E-20 -0.1413E-04 -0.1901E+01 -0.2916E+01 0.860lE-01  -0.1871E+02 —0.1420E+01
182 0.7500E+00 0.1123E-04 0.1585E-20 -0.1404E-04  -0.2230E+01  -0.3299E+01 0.9097E-01  -0.1817E+02 0.4531E-01
182 0.8750E+00 0. 1325E-04 0.2018E-20 —-0.1395E-04  -0.2559E+01  —0.3682E+01 0.9392E-01  —0.1764E+02 0.1510E+01
182 0.1000E+01 0.1527E-04 0.2451E-20 —-0.1386E-04  -0.2888E+01  —0.4064E+01 0.9688E-01  -0.1710E+02 0.2975E+01
183 0.1000E+01 0. 1527E-04 0.2451E-20 -0.13896E-04  -0.2888E+01  —-0.4064E+01 0.9688E-01  -0.1710E+02 0.2975E+01
183 0.1125E+01 0. 1671E-04 0.2585E-20 —-0.1374E-04  -0.3139E+01  —0.4536E+01 0.9802E-01  —0.1747E+02 0.1302E+01
183 0.1250E+01 0.1914E-04 0.2720E-20 -0.1363E-04 -0.3389E+01  —-0.5007E+01 0.9916E-01  -0.1784E+02  —0.3709E+00
183 0.1375E+01 0. 1958E-04 0.2854E-20 -0.1352E-04  -0.3639E+01  —0.54739E+01 0.1003E+00  -0.1821E+02  —-0.2044E+01
183 0.1500E+01 0.2102E-04 0.2988E-20 -0.1341E-04 -0.3890E+01  —-0.5950E+01 0.1014E+00  -0.1859E+02  —0.3717E+01
184 0.1500E+01 0.2102E-04 0.2988E-20 -0.1341E-04  -0.3890E+01  -0.5950E+01 0.1014E+00  -0.1859E+02  —-0.3717E+01
184 0.1625E+01 0. 2322E-04 0.2377E-20 —-0.1326E-04 -0 4187E+01  —0.6457E+01 0.1022E+00  -0.1921E+02  —0.1880E+01
184 0.1750E+01 0. 2543E-04 0.1766E-20 -0.1311E-04  -0.448SE+01  —-0.6965E+01 0.1029E+00  -0.1984E+02  —-0.4263E-01
184 0.1875E+01 0. 2764E-04 0.1154E-20 -0.1297E-04  —0.4783E+01  —-0.7472E+01 0.1037E+00  —0.2047E+02 0.1795E+01

where “S” is the distance to the most left or top mesh edge.

Figure 3.40 Sample of output data from Edge Sets option

Default color for the cut lines is blue. The cut line that is selected will be highlighted in red as in
Figure 3.41. Users can edit the coordinates of the start/end point of a cut line. Then click Apply to
make it effective.

Default two cut lines can not be edited or deleted.

Section Cut X

Interpolation Option Segment division

{* Integration Point Id - Cancel
{” Node

Add Cut Line

Start Point End Point
Del Cit Line |
coordinate y coordinate z coordinate y coordinate z
1 [EE [o [55 o
2 [5.5 o |5.5
3 |55 | 5.5 5.5 [55

Figure 3.41 Window screen showing cutting sections by using Input Data Menu - Section Cut
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4.1 Introduction

Capability of mesh adjustment is added into version GeoMat 2022. Users may refine current mesh
for better convergence performance or make mesh coarser to reduce computing time. However, this
operation may delete previously defined materials, loads, constrains or stiffnesses. Users shall check
consistency before the new analysis.

4.2 Mesh Refinement

The mesh refinement option is incorporated into the Edit menu as shown in Figure 4.1. Based on
the template used to build previous mesh, a different interface window will prompt. If previous
mesh is built from conventional circular/rectangular plate template, the mesh refinement window
will look like that Figure 4.2. The default refinement factor for both y and z directions are set to 2
which means element number in y and z directions will be doubled. Refinement factor should be
aninteger. Any float number will be round up to an integer. If the refinement factor is smaller than
1, no new mesh is regenerated. If users set the division in one direction to be 1, there will be no
mesh refinement in that direction.

Note this refinement approach is also applicable to unequally spaced mesh.

5&‘ GeoMat 2022.0 - [example5.slb] — O X
D File Edit View InputData Computations Transform Results Options Selection Window Help - 8 x
D@FH  yndo culez Rl ) B] [EEE] [ 2% wfz 2|5 ols] o] ¢ eu] [
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Refine Mesh
Change Element Type >
X
z
NUM

Figure 4.1 Mesh adjustment options contained in the Edit menu

Click button OK to close mesh refinement window. A message window will pop up to remind users to
check consistency because previous boundary conditions or materials may be not available (Figure 4.3).
If Yes is clicked, new mesh will be generated as shown in Figure 4.4.
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@ GeoMat 2022.0 - [example5.slb] O X

m File Edit View Input Data Computations Transform Results Options Selection Window Help
DEMEls®R& T ¢ oo BEE2]0] ] [ 2 E]| mlm x|z || o] A= E

Refine Mesh X
Number of divisions
Y-direction 2 %‘
Z-direction 2
Cancel
_ Gl | oK .

For Help, press F1 NUM _/

Figure 4.2 Mesh adjustment for conventional circular/rectangular plate

GeoMat

'o Current Finite Element Mesh will be refined. Please check
A model for consistency afterwards. Are you sure to refine the
mesh?

Figure 4.3 Information message before mesh adjustment is processed

If previous mesh is built from the template of octagon/circular wind turbine foundation, the mesh
refinement input window will look like that in Figure 4.5. Users may change the typical finite element
size to a new value for the new mesh. Previous geometry data and load data will be kept and convert
to new mesh. Users still should check consistency of materials, node constrains or other boundary
conditions defined in previous mesh.
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@ GeoMat 2022.0 - [example5.slb] — O X

m File Edit View Input Data Computations Transform Results Options Selection Window Help
DE@| 2R & T [[¢vele BES]2]0:] ] [ 2 E]| mlm x|z || o] A= E

For Help, press F1 NUM _/

Figure 4.4 Refined mesh in both y and z directions

&1 GeoMat 2022.0 - [GMat2.slb] — O X

m File Edit View Input Data Computations Transform Results Options Selection Window Help
DMl s ®R&E TR [+ oo BGE2e] W] [ 25| mfm x| =] o] || =]Em

Refine Mesh X

Typical FE size

]

|

Cancel 0K

For Help, press F1 NUM _/

Figure 4.5 Refine mesh for wind turbine foundation
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4.3 Change of Element Type
It is recommended in GeoMat to use quadratic eight-node element combined with 2x2 integration
rule. This element type provides good accuracy and efficiency so that it is appropriate for most
cases. If another element type is desired, users may click menu Edit->Change Element Type and
select another one. If quadratic eight-node is the current element type, only conversion to linear
four-node or Lagrangian nine-node element type is available. A message window will pop up to
remind users to check consistency after conversion (Figure 5.7). Since converting to a new element
type will regenerate the mesh, all previously defined boundaries/materials may be invalid. After a
successful conversion, nodes will be highlighted in red as in Figure 4.8. Click Options->Mark Nodes

to disable node mark.

k&1 GeoMat 2022.0 - [GMat2.slb]

D= Undo

Cut

Copy
Paste

Refine Mesh
Change Element Type

Ctrl+Z
Cirl+X
Ctrl+C
Ctrl+V

>

m File Edit View Input Data Computations Transform Results Options Selection Window Help

I T T 5T T R S P N

To Linear 4-noded
To Quadratic 8-noded
To Lagrangian 9-noded

NUM

Figure 4.6 Change element type from Edit menu

GeoMat

'0' Current Element Type will be change to Linear 4 noded. Please
Y’ check check model for consistency afterwards. Are you sure to
change the element type?

Figure 4.7 Information message before change of element type is processed
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k&t GeoMat 2022.0 - [GMat2.slb] — O X

m File Edit View Input Data Computations Transform Results Options Selection Window Help
DE@| 2R & T [[¢vele BES]2]0:] e = I T N e I e s e I e T e =

- F X

__[Num

For Help, press F1

Figure 4.8 Mesh after change of element type from 8-node to 4-node

4.4 Change of Integration Rule

Default integration rules in GeoMat are defined as following:

e 1x1 or 2x2 are available to four-node element. 2x2 is recommended
e 2x2 or 3x3 are available to eight-node element. 2x2 is recommended
e 3x3 is available to nine-node Lagrangian element. It is the only integration rule for

this element type.

Users may change integration rule by clicking menu Edit->Input Data->Integration Points then select

one rule (Figure 5.9). Changing integration does not regenerate the mesh. Previously defined

material, boundaries, various sets can be kept.
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DSE| L™ ed

k&t GeoMat 2022.0 - [GMat2.slb]

Title

Material Properties
Node Coordinates
Time Stepping

Soil Stiffness
Element Type
Element Connectivity

Integration Points

Nodal Constraints
Nodal Loads
Nodal Stiffness

Distributed Loads

Distributed Stiffness
Concentrated Loads
Equivalent Concentrated Loads
Concentrated Stiffness

Edge Loads

Edge Stiffness

v MNode Sets

~/ Flamant Satc

>

m File Edit View Input Data Computations Transform Results Options Selection Window Help

Figure 4.9 Change integration rule from Edit menu
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5.1 Introduction

Chapter 4 presents options related to execution of the program and includes methods of
addressing run-time errors. This chapter also includes suggestions for reviewing input, output, and
processor text files. The final section of this chapter includes descriptions about the slab properties
that may be observed in graphical form. The commands covered in this chapter are contained in the
top menu, under the Computation and the Results titles.

5.2 Computation Menu

This menu is used to execute the program with the parameters that were saved in the input-data
file. Within the options contained under this menu, shown in Figure 5.1, there are commands that
facilitate the reviews of the text files produced for storing input data, output results, and processor notes.
Detailed description of the submenu options contained under the Computation menu is explained in the
following sections.

5& GeoMat 2022.0 - [example8.slb] — [l x

@File Edit View Input Data Computations Transform Results Options Selection Window Help -8 0=

D & g ew || Run Analysis a8 == ’Iﬂﬂ Elg i@ ’Eﬂ ﬂ || = [=[F
View Input File

View Output File

View Message File

NUM

Figure 5.1 Options contained in the Computation menu

5.2.1 Computation- Run Analysis
An input file, after preparation or modification, must be saved to disk before selecting the
Computation -Run Analysis submenu option, which executes the analytical portion of program GeoMat.

|II

The module, a stand-alone program routine, is called for execution by the “shell” process of the

o
environment in Microsoft Windows .
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The user should remember to save the input data under a user-specified name before executing
the analytical module. When saving data to disk, GeoMat will automatically add an extension of the type
*.slb to the name of the input file. A sub-window is usually produced during the execution of the module.
A finished execution of the module is determined when the sub-window closes.

At the beginning of the run, the analytical module will read the saved input data progressively,
showing the line number which is being read. If an input-data format is incorrect during reading, the
analytical module will stop immediately and in many cases, it saves an error message and a status report
in a file with the extension *.sms. This file may be accessed by selecting View Message File in the
Computation menu.

Within the processor-run notes, if all input data was read correctly, the analytical module will
show the ending time of the analysis. The analytical module automatically creates an output file with the
same name as the input and with the extension *.sou. Once a successful run is produced, the user may
proceed to the next items for observation of results.

5.2.2 Computation- View Input File

This submenu option is used to edit the input-data file in plain text mode. This command becomes
active after new data files have been saved to disk or when opening existing data files. The command is
helpful for experienced users who may just want to change one or two parameters quickly using the text
editor, or for those users wishing to observe the prepared input data in text mode. This submenu
automatically invokes a text editor. The default setting is to use the utility program named notepad.exe

©
provided by Microsoft Windows . Input-data text files are automatically saved to disk with the extension
of *.sin by program GeoMat. Use of the notepad for editing the input data for Example Problem 1 is shown
in Figure 5.2.

5.2.3 Computation- View Output File

This submenu option is used to edit the output-text file that is automatically produced during
each analytical run. This command becomes active after new data files have been saved to disk and
successfully executed, or when opening previously-executed data files.

The submenu automatically invokes a text editor. The default setting is to use the utility program
©
named notepad.exe provided by Microsoft Windows . Output files are automatically saved to disk with

©
the same file name as the input-data file but with the extension*.sou. Use of Microsoft Notepad for
editing the output file for Example Problem 1 is shown in Figure 5.3.
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j examplel slb - Notepad

File Edit
TITLE

Format

Ezample 1
UHIT_DATA

*

0
END_UNIT_DATA

HODE_DATA

*

LI

*

END_NODE_DATA
MATERIAL _DATA
ALL

*

1
2
3
4
5
6
7
a

cooooooo

0

END_MATERIAL DATA

ELEMENT_DATA
QUADS

*

END_ELEMENT_DATA

1

View

Help

1po0n

20000

REDUCED INTEGRATION

HODZI_CONSTRAINT DATA

*

LRI

END_NODAL_CONSTRAIN
HODAL LOAD DATA

*
*
*

END_NODAL_LOAD _DATA
TIME_STEPFING DATA

1

END_TIME STEFPING DATA
NODESET_DATA
ALL

*

]

00 =] T O L0

1
2
3

i

HHEHRODODOO

e

coo |

coooooo

1]
1]
1]
1]
1]
1]
0
T

1]
1]
0

i e el

T_DATA

[=F=Y=)

1

HHEHRODODOO

i e el

10

0.3

cCoooooo

0.o1
0.04
0.o1

0.oo01

coooooo

[=F=Y=)

m

Figure 5.2 Sample use of Microsoft Notepad for editing input text of Example Problem 1.

5.2.4 Computation- View Message File
This submenu option is used to edit an intermediate text file that is automatically produced during

each analytical run. This file only includes notes produced during the processing of the input data. This

submenu option becomes active after new-data files have been saved to disk and executed, or when

opening previously executed data files. This submenu automatically invokes a text editor. The default

©
setting is to use the utility program named notepad.exe provided by Microsoft Windows .

Files containing processor-run notes are automatically saved to disk with the same file name as

©
the input-data file but with the extension *.sms. Using of the Microsoft Notepad for editing the

processor-run notes for Example Problem 1 is shown in Figure 5.4. Observation of the notes produced

during a processor run may become helpful to debug a data file that did not produce a successful run. A

successful run usually produces a file of processor-run notes containing similar lines of text as those in

Figure 5.4.
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j examplel .sou - Notepad [= =[]
File Edit Format View Help
Ezample 1 -
npoin = 8 nelem = 1 nvfix = 7 ncasze = 1 ntype = 1] nnode = 8 ndofn = 6
nmats = 1 nprop = 3 ngaus = 2 ngausi= 2 ndine = 3 n=tre = 8 nevab = 48
nnlod = 3 nnsti = 1] ndlod = 1] ndsti = 1] nclod = 1] ncsti = 0 nctsti = 1] 3
dt = 1.0000 tini = 0.ooo0n tend = 1.0000 dtmin = 1.0000 naxiter = 10
elenent mnaterial node numbers | 4
1 2 3 4 5 6 7 g
1 1 1 3 g & 2 5 7 4

nodal point coordinates

node = v =
1 o.o0oo0 —5.0000 5.0000
2 o.oooo 0.0oo0 5.0000
3 o.o0oo0 5.0000 5.0000
4 o.o0oo0 —5.0000 0.oo00
5 o.o0oo0 5.0000 0.0000
6 o.o0oo0 —5.0000 —5.0000
7 o.o0oo0 0.0000 —5.0000
g o.oo0oo 5.0000 —5.0000
restrained nodes
nodf  codf fized walues
1 000101 0.00000E+00 O.0000CE+00 O.00000E+00 O.00000E+00 O0O.00000E+00 O.00000E+00
3 000101 0.00000E+00 O.0000CE+00 O.00000E+00 O.00000E+00 O.00000E+00 O.00000E+00
4 000101 0.00000E+00 O.0000CE+00 O.00000E+00 O.00000E+00 O.00000E+00 O.00000E+00
5 000101 0.00000E+00 O.00000CE+00 O.00000E+00 O.00000E+00 O.00000E+00 O.00000E+00
6 100111 0.00000E+00 O.0000CE+00 O.00000E+00 O.00000E+00 O0O.00000E+00 O.00000E+00
7 100111 0.00000E+00 O.0000CE+00 O.00000E+00 0O.00000E+00 O.00000E+00 O.00000E+00
§ 100111 0.00000E+00 O.0000CE+00 O.00000E+00 O.00000E+00 O.00000E+00 O.00000E+00
naterial properties il
] 1 ¢

Figure 5.3 Sample use of Microsoft Notepad for view output text of Example Problem 1.

5.3 Results Menu

This menu option is selected to observe the different graphical representations of the program
results contained in the output file. Submenu options contained under this menu are shown in Figure 5.5.
All the graphical representation of output data that may be produced by the program are contained in
the following commands of the Results menu:

Select Step
Deformed Mesh

Contour Plot

Selection Cut Plot

The observation of any of the above-listed options will activate the graphics mode of GeoMat.
Several changes occur during use of the graphics mode: new mouse commands are enabled and a new
top-menu option becomes available.
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| examplel.sms - Notepad [o =)=
File Edit Format View Help
4-15-2014 -
16:44:40:98
=tep 1 tocur = 1.0000 dt = 1.0000
iter = 1 errl = 0.1000E+01 4 = 0.4882E+00 u = 0.4882E+00 rhs = 0.4243E-01

err? = 0.1000E4+01 r = 0.8317E-01 ru= 0.8317E-01 rrh=s= O0.0000E+00
iter = 2 errl = 0.1097E-11 d = 0.5357E-12 u = 0. 4882E+00 rh=s = 0.4243E-01

err? = 0.1181E-11 r = 0.9826E-13 ru= 0.8317E-01 rrhs= 0.4347E+00
Execution time 0.2370000 seconds .

This includes 0.2370000 szeconds of user time and
0.0000000E+00 seconds of system time.

4-15-2014
16:44:41:19

Figure 5.4 Sample use of Microsoft Notepad for view message file of Example Problem 1.

@ GeoMat 2022.0 - [exampleB.slb] — O X

x

D File Edit View Input Data Computations Transform Results Options Selection Window Help - &
B & 2% [[+oele| F&[r|ra Select Step wfm x| E| [ | 0| w]=|+E|
Deformed Mesh

Contour Plot
Section Cut Plot
Node Results
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Figure 5.5 Command options contained in Result menu
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5.3.1 Results — Select Step

The user may select this command option to observe a graphical representation of the time
steps used to compute the solution. A sample screen of the Select Step command option is shown in
Figure 5.6. This is ideally used in conjunction with the other two available menu options, Deformed
Mesh and Contour Plot.

Select Step

oK

Step Mumber |1 - I
Cancel

i3

Apply

it

Figure 5.6 Sample screen of the Select Step command option

5.3.2 Results — Deformed Mesh

The user may select this command option to observe a graphical representation of the deformed
shape for the modeled slab. A sample screen of the Deformed Mesh command option is shown in Figure
5.7. The shape factor for the amount of deformation may be varied by the user. The user also may choose
to display undeformed shapes together with the deformed shape, as seen in Figure 5.8

Deformed Shape

v Show Deformed Shape oK

[~ Show Undeformed Maodel
Cancel

bl

Deformed Shape Factor
[ = Aoply

Figure 5.7 Sample screen of the Deformed Mesh command option
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5& GeoMat 2022.0 - [example8.slb] - O X

@File Edit View Input Data Computations Transform Results Options Selection Window Help - 8 x
DS 2i(S 2w [ $ele o 2|6 [EEE] [ 25 =z 2|5 [= =] o] ~Ju =]+]=]
Deformed Shape X

[ Show Deformed Shape

v Show Undeformed Model

Deformed Shape Factor

100 ﬂ

W

For Help, press F1 NUM _4

Figure 5.8 Combined display of deformed and undeformed configuration

5.3.3 Results — Contour Plot
The user may select this command option to observe a contour plot of the output on the surface

of the slab model. A sample screen of the Contour Plot command option is shown in Figure 5.9. The user
may choose from a variety of contour distributions: displacement, rotation, moment, shear, and stress.
The user may select the default contour limits or modify them. Contour types available are shading, lines,
and shading and lines together. Figure 5.10 demonstrates the appearance of the line contour option, and
Figure 5.11 the shading contour option for vertical displacement. Figure 5.12 and Figure 5.13 demonstrate
the shading contour option for moment and stress distributions, respectively.
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Contour Plot Options X

[v" Show Contour Plot [v" Show Contour Legend
[v" Show Mesh

—Vanable Type——
@ Displacements Contour Variable: Cancel |

(" Reaclions Disp.X - I Apply

(" Plate Forces

(" Plate Stresses

- Contour Type————————
® Shading

(" Lines

(" Shading and Lines

. Contour Limits

[v" Minimum Wﬂ %
[v" Maximum Wﬂ
[¢" Divisions lmiil
[¢" Increment 0.001634 il

Default Limits

i

Figure 5.9 Sample screen of the Contour Plot command option

5&5 GeoMat 2022.0 - [example5.slb] — [l X
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z
—
e
For Help, press F1 NUM _/ﬂ

Figure 5.10 Line contour option for vertical displacement in Contour Plot
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5@ GeoMat 2022.0 - [example5.slb] — O s
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Figure 5.11 Shading contour option for vertical displacement in Contour Plot
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Figure 5.12 Shading contour option for moment distribution in Contour Plot
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5& GeoMat 2022.0 - [example5.slb] — O X
r‘ File Edit View Input Data Computations Transform Results Options Selection Window Help x
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For Help, press F1 NUM 7

Figure 5.13 Shading contour option for stress distribution in Contour Plot

5.3.4 Results — Section Cut Plot

The user may select this command to plot plate forces along one pre-defined cut line as shown
in Figure 5.14. Different cut lines can be selected from the box under Cut Line Selection. Variables can
be selected from variable box locating on the right side. Users can also change line color or line width.

B ' Section Cut X-Y Plot - O X

Cut Line Selection Field Variables

Cutline 1 LI IDlsp_X LI

CutLine 1: Deflection w

3.657e-002

3.566e-002

X-Y Plot Option
Line Color Line Width 3.4542-002
I ~ 2 =] 33530002

[ Show X Grid 3.251e-002

>
5 |
v
| St @i o 31500002
2
3.0495-002 e
2 947e-002
2 846e-002
2 744e-002
2 6436-002
0.00 1.60 3.20 4.80 6.40 8.00 9.60 1.2 12.8 14.4 16.0
EXIT Location along cut line

Figure 5.14 X-Y plot for plate forces along one cut line
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5.3.5 Results — Nodal Result

The user may select this command to plot deformation, reaction, plate forces or plate stresses
for one specific node (Figure 5.15). Node number can be changed by clicking the small arrow or input a
new node number directly. Select variable type button can switch between various output types.

Results at nodes X
Node Number Disp. X Disp. Y Disp. Z
1 - [0-03152 o o
Variable Type
® Displacements Rot. X Rot. Y Rot. 7
(" Reactions ‘0 ‘0.0001781 ‘—0.0002708
" Plate Forces
(" Plate Stresses %

Figure 5.15 Nodal output

5.4 Speed Buttons in Graphics Mode

The user is provided with a set of speed buttons available in the View toolbar, which is associated
with the commands in the Transform menu. Submenu choices, in order of their appearance in the speed
button toolbar (Figure 5.16), are briefly described below.

Panning ................... this function allows the slab model to be moved in the window.

Rotate ..........ccceeeeeen. this function allows the slab model to be rotated around the origin.

Zoom In/Out ........... this function zooms in and out on the slab model.

Restart ................... this function resets the view to the original YZ plane view.

YZ View (Top) ......... this orients the slab in the YZ plane, looking at the top of the slab. This is demonstrated
in Figure 5.17.

YZ View (Bottom) ..... this orients the slab in the YZ plane, looking at the bottom of the slab. This is

demonstrated in Figure 5.18.

XY View (Front) ........ this orients the slab in the XY plane, looking at the front of the slab. This is
demonstrated in Figure 5.19.

XZ View (Side) .......... this orients the slab in the XZ plan, looking at the side of the slab. This is demonstrated
in Figure 5.20.

XYZ View (3D View) . this orients the slab in an orthographic 3D view. This is demonstrated in Figure 5.21.

Rotation Angles ....... this option allows the user to specify the desired rotation angle. The input window is
shown in Figure 5.22.
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Figure 5.16 Speed Buttons for graphics manipulation
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For Help, press F1 ’7 NUN Z
Figure 5.17 Slab model displayed using the YZ View (Top) speed button
GeoMat v2022
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@ GeoMat 2022.0 - [example5.slb] - Od X
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Figure 5.18 Slab model displayed using the ZY View (Bottom) speed button
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Figure 5.19 Slab model displayed using the XY View (Front) speed button
GeoMat v2022
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Figure 5.20 Slab model displayed using the XZ View (Side) speed button
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Figure 5.21 Slab model displayed using the XYZ View (3D View) speed button
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Rotation Menu

— Rotation Angle (degrees)
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Figure 5.22 Sample screen of the Rotation Angles command option
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6.1 Introduction

The chapter presents several examples studied by using GeoMat. In order to assure accuracy
from the computer results, some examples have been compared with the results from close-form
solutions or calculated by other analytical tools presented in the technical literature. Although examples
presented in this chapter validate the output generated by this software, no warranty, expressed or
implied, is offered as to the accuracy of results from the program. The program should not be used for
design unless caution is exercised in interpreting the results and independent calculations are helpful to
verify the general correctness of the results.

There are three types of output data provided by the computer. The first type is the output file
giving the formatted text that consists of an echo-print of the input data, nodal coordinates, boundary
constrains, load distributions, deflection at each nodal point, and, most of all, the bending moment and
stress distribution at the integration points of each element.

The second type of output presents the data for a graphics file that allows the code to produce
plots. All of the data are saved with ASCIl format and mainly for internal use to present the graphics and
contour plots based on the user’s selection. The third type of output presents the status of execution
with the user’s data. It contains information about the iteration number, convergence condition, and the
information about unsuccessful computation.

Example problems provide the user information on input and output of various cases and present
a quick tutorial for real-world applications. The user is encouraged to study these examples and, with
modifications, may even use them to solve similar problems. However, by no means can these limited
examples explore the full functions and features provided by GeoMat.

6.2 Example 1: Cantilevered square plate simulated by single
quadratic element

6.2.1 Problem Description

A square cantilever plate is modeled by a single 8-node isotropic plate element. Rotational
restraints in the z direction are applied to nodes 1, 3, 4, and 5. Along the restrained edge, nodes 6, 7, and
8, translations in the x direction as well as rotational restraints in the y and z directions are applied. The
length in the y and z direction is 10 in. and the thickness of the plate is 0.2 in. Young’s modulus is taken as

10,000 kip/in2 (ksi) and Poisson’s ratio as 0.3. To model a uniform edge load, concentrated loads of P, 4P,
and P are applied in the x direction at nodes 1, 2, and 3, where P = 0.01kip.

6.2.2 Modeling Instruction

To model this slab in GeoMat, first go to File -> New from template. In the Slab Type dialog box
select “Circular or Rectangular Conventional” and click Next. In the Template dialog box, choose
“Rectangular — Equally Spaced” for the Shape and “Quadratic 8 Noded” for the Element Type. Enter the
“Length” and “Width” as 10, and the “Number of Divisions” as 1. Click OK to draw the slab on the screen
(Figure 6.1).
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Go to Input Data -> Title and enter a name for the current project. The name used here is Example
1. Click OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
modify the parameters to those given in the problem statement and then click OK to save the changes
and close the dialog box. In the Material Data Dialog box click OK to return to the main screen.

Before setting the nodal constraints and loads, it is recommended that the node numbers and
marks are turned on. To do so, go to menu Options -> Mark Nodes and Options -> Node Numbers. Now
that the nodes are marked, return to the Input Data menu, and select Nodal Constraints. Use the Add
Row button to create a new line. In the Node Number column, enter the first node, 1. Check the box in
the “Rotation Z” column to restrain the rotations in the z direction. Repeat for nodes 3, 4, and 5. For
nodes 6, 7, and 8, check the “Displac. X”, “Rotation Y”, and “Rotation Z” columns. Click Apply and then
OK. Next, proceed to the Input Data menu and select Nodal Loads. To set the load of 0.01kip to node 1,
click Add Row, check the box next to the “Force X” column to activate the input box, and enter 0.01 in
the Input box. For node 2, enter 0.04 in the “Force X” column and for node 3 enter 0. 01. Click Apply
and then OK. Figure 6.2 shows the slab with applied load and the nodal constraints, which can be obtained
by going to the Options menu and select Nodal Constraint and Nodal Loads.

@ GeoMat 2022.0 - [example1.slb] - Od K
m File Edit View Input Data Computations Transform Results Options Selection Window Help -
D 82 [[T%]ole| BElwlRlt]x] @] [Eluls] [T sln| 2= ol o] =]

7

4 XY 5

z

2
For Help, press F1 NUN

Figure 6.1 Example 1 slab, shown with marked and labeled nodal points
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3& GeoMat 2022.0 - [example1.slb] — [l X
D File Edit View Input Data Computations Transform Results Options Selection Window Help - & x
D= 2w [+ olele FEERE eI I R R B R =

For Help, press F1 NU

Figure 6.2 Example 1 slab shown with nodal constrains and nodal loads

Before executing the file, go to File -> Save As... and save the file as examplel.slb. Once this is
completed, go to menu Computations -> Run Analysis to launch the analysis. When the analysis is
completed, go to menu Computations -> View Output File.

6.2.3 Output Results Review

When the analysis is completed, go to menu Computations -> View Output File. Figure 6.3 shows
part of the result file. This output compares well to the results given in the text Finite Elements for
Structural Analysis for this problem.

Displacements

Node Disp X Disp Y Disp Z Rot. X Rot. Y Rot. Z
1l ©.273094E+00 0. +0@ ©o. +00 ©. +00 ©.40950PE-01 ©.000000E+00
2 ©.273094E+00 ©.000000E+00 0©0.00000OE+00 ©.000PGPE+0® ©0.409500E-01 ©.110496E-13
3 ©.273094E+00 ©.000000E+00 ©.00000PE+B0 ©.0P00GOE+00 ©.409500E-01 ©.000000E+00
4 ©.853593E-01 0. +0@ ©o. +00 ©. +00 ©.307125E-01 ©.000000E+00
5 ©.853593E-01 o. +006 9. +68 0. +00 0.307125E-861 ©.000000E+00
6 ©.0000DBE+00 ©.0C0COOE+DE ©.0C00COOE+GO ©.0COOGRE+80 ©.00OGOPE+GE ©.00B0LBE+Ee
7 ©.0000BRE+Ge 0. +0@ 9. +00 0. +00 0. +00 9. +00
8 ©.00PBROBE+00 ©. +006 9. +68 0. +60 0. +60 0. +00

Reactions

Node Force X Force Y Force Z Moment X Moment Y Moment Z
1l ©.00P0PRE+00 ©.000000E+P0 ©O.00P00OE+00 ©.OPOCPOE+E0 ©O.000000E+00 -0.176148E-12
3 ©.000000E+00 ©. +00 o. +6e © +00 ©.000000E+00 -0,293655E-12
4 ©.000000E+00 ©. +0@ ©o. +6e ©. +00 0. +ée o. -e1
5 ©.000000E+00 ©.0POPOOE+O0 ©.000000E+E0 ©.0P000BE+00 ©.00000PE+00 -0.600000E-01
6 -0.100000E-01 ©. +00 o. +6e © +00 -8.1 +6e 0. -e1
7 -©.400000E-01 0. +0@ ©o. +00 ©. +00 -0.40000PE+0@ ©.642866E-12
8 -0.100000E-01 ©.000000E+D0 ©.0000PRE+0O ©.000PGOE+00 -0.10000OE+00 -0.300000E-01
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Figure 6.3 Review output file examplel.sou for displacement results

Figure 6.4 shows the deformed shape of the slab. This graphicis produced using the Results -> Deformed
Mesh option. In the Deformed Shape dialog box check the “Show Deformed Shape” and “Show
Undeformed Model” boxes then, set the “Deformed Shape Factor” to 5 and click Apply. To display the
contour plot, open the Results -> Contour Plot window. Under “Contour Variable” select “Disp X,” and
then click Apply. This output compares well to the results given in the text Finite Elements for Structural
Analysis for this problem.

5&‘ GeoMat 2022.0 - [example1.slb] — O X

[Z] File Edit View Input Data Computations Transform Results Options Selection Window Help - 8 x
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0.0000E+000
2.7310E-002
5.4620E-002
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1.0924E-001
1.3655E-001
1.6386E-001
1.9117E-001
2.1848E-001
2.4579E-001
2.7310E-001

For Help, press F1 NU A

Figure 6.4 Example 1 slab shown with nodal constrains and nodal loads

6.3 Example 2: Fixed square plate subject to concentrated force at
center

6.3.1 Problem Description

This example models a fixed, square plate using eight-node isotropic plate elements with a
concentrated load P applied at the center. Taking advantage of symmetry, only a quarter of the plate will
be modeled in this example.

Due to symmetry, restraints against rotations in the z direction are taken along an edge parallel
to the z axis, and restraints against rotations in the y direction are taken along an edge parallel to the y
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axis. The fixed boundary is restrained against all translations and rotations. The length of the quarter
plate is 8 in. in both the y and z direction, with a thickness of 0.25 in., and is divided into a 4x4 network.
Young’s modulus is 30,000 ksi and Poisson’s ratio is 0.3. The center load, P, is 1 kip; however, due to
symmetry, the load applied to the edge node will be 0.25 kip. Figure 6.5 shows the configuration of the
nodal constraints on the slab.

5& GeoMat 2022.0 - [example2.slb] — O X

D File Edit View Input Data Computations Transform Results Options Selection Window Help -8 %

b & R LR Ve e = I I o B e S 0 A B e
_k2 53 54 5
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e

For Help, press F1 NU

Figure 6.5 Quarter model of fixed edge slab with center load

6.3.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular — Equally Spaced” for the Shape and “Quadratic 8 Noded” for the Element
Type. Enter the “Length” and “Width” as 8, and the “Number of Divisions” as 4. Click OK to draw the slab
on the screen.

Go to menu Input Data -> Title and enter a name for the current project; here it is Example 2.
Click OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
modify the parameters to those given in the problem statement and then click OK to save the changes
and close the dialog box. In the Material Data dialog box click OK to return to the main screen.
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Before setting the nodal constraints and loads, it is recommended that the node numbers and
marks are turned on. To do so, go to menu Options -> Mark Nodes and Options -> Node Numbers.

In addition, it is helpful to define node sets to aid in the assigning of restraints and loads. For this
problem, four nodal sets were created using the Input Data -> Node Sets dialog. To create the first node
set, click on the Add Row button. Enter the name BOTTOM into the edit box and click the Define button
to launch the Node Set dialog. Using the Add Row button, enter 1 under “Node Number/Set,” 8 under
“Final” and 1 under “Increment” to select the nodes to be defined in this nodal set (nodes 1 through 8).
For nodal set LEFT, nodes 1, 10, 15, 24, 29, 38, 43, and 52 are defined. One way to input this data is by
adding 2 rows. For the first row, enter 1 under “Node Number/Set,” 43 under “Final” and 14 under
“Increment.” For the second row, enter 10 under “Node Number/Set,” 52 under “Final” and 14 under
“Increment.” For nodal set TOP, nodes 57 through 65 are defined. For nodal set RIGHT, nodes, 9, 14,
23, 28,37,42,51, and 56 are defined. Click OK to save these settings, as shown in Figure 6.6.

Now that the nodes are marked and node sets defined, return to the Input Data menu, and select
Nodal Constraints. Use the Add Row button to create a new line. In the Node Number column, enter the
name of one of the nodal sets. As seen in Figure 6.5, nodal set BOTTOM corresponds to a rotational
restraint in the y direction. Check the box in the “Rotation Y” column to restrain the rotations in the y
direction. The nodal set LEFT corresponds to a rotational restraint in the z direction. Check the box in
the “Rotation Z” column to restrain the rotations in the z direction. The nodal sets TOP and RIGHT are
fixed in all directions. Check all the boxes to restrain displacements and rotations in all direction. Use
Figure 6.5 as a guide. Click Apply and then OK. Next, proceed to menu Input Data -> Nodal Loads. To
set the load of 0.25 kip to node 1, the center node, click Add Row, enter 1 under “Node Number,” check
the box next to the “Force X” column to activate the input box, and enter 0. 25 in the input box. Click
Apply and then OK.

Before executing the file, go to menu File -> Save As... and save the file as example2.slb. Once
this is completed, go to Computations -> Run Analysis to launch the analysis.
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Figure 6.6 Defining edge nodes (BOTTOM edge nodes highlighted)

6.3.3 Output Results Review

When the analysis is completed, go to menu Computations -> View Output File. The deflection
at node 1, the center deflection for the fixed square plate, is 0.0335379. Figure 6.7 shows the contour
plot for the slab deflection. To view this, go to Results -> Contour Plot, in the Contour Plot Options check
“Show Contour Plot” and under “Contour Variable” select “Disp X” and then click Apply. This result
corresponds exactly to the computer generated numerical result for a 4x4 network as reported in Finite
Elements for Structural Analysis, which is within 0.4% of the classical solution, 0.033397 in.
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Figure 6.7 Contour plot of displacement in X for slab in Example 2

6.4 Example 3: Square slab on soil - distributed stiffness method

6.4.1 Problem Description

This example is included to model a square concrete slab resting on soil using 8-node isotropic
plate elements. The slab is 24 ft x 24 ft and 10 in. thick. Young’s modulus is taken as 3,000,000 psi and
Poisson’s modulusis 0.2. The subgrade modulus of the soil is assumed to be 200 psi per inch of deflection.
A concentrated load of 10 kips is applied at the center of the slab.

6.4.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular — Equally Spaced” for the Shape and Quadratic 8 Noded” for the Element
Type. Enter the “Length” and “Width” as 288, and the “Number of Divisions” as 4, as shown in Figure 6.8.
Click OK to draw the slab on the screen.
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Figure 6.8 New Project from Template dialog screen for Example 3

Go to Input Data —> Title and enter a name for the current project; this one is Example 3. Click
OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
modify the parameters to those given in the problem statement and then click OK to save the changes
and close the dialog box. In the Material Data dialog box click OK to return to the main screen.

To set the soil stiffness, go to menu Input Data -> Distributed Stiffness. Add a row using the Add
Row button. Under the “Element Number” heading, enter ALL in the edit box, so the soil stiffness is
distributed evenly beneath all of the slab elements. Next, check the box under the “D. Tr. K X” column
and enter 200 in the associated edit box. Click Apply and then the OK button.

Next, go to menu Input Data -> Nodal Loads. Add a row and enter the number of the middle
node, 33. Check off the “Force X” box and enter 10000 for the load. Click Apply and then OK. Figure
6.9 shows the slab with the point load applied at the center and the distributed soil stiffness. To set this
view go to Options -> Nodal Loads and Options -> Distributed Stiffness.

Before executing the file, go to File -> Save As... and save the file as example3.slb. Once this is
completed, go to Computations -Run Analysis to launch the analysis.

6.4.3 Output Results Review

When the analysis is completed, go to menu Computations -> View Output File. The center
deflection at node 33is 0.00586678. This resultis very close to the Westergaard solution for this problem,
0.0057 in., as reported in the text Discontinuous Orthotropic Plates and Pavement Slabs.
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Now let us consider a different case using the same slab. This time, the 10 kip point load is applied
along the edge of the slab. Save a copy of example3.slb as example3b.slb. Change the project title to
Example 3b. Move the nodal load from node 33 to node 5, positioning the load at the middle of the
lower edge of the slab. Save the file and run the analysis. The maximum deflection under the edge load
is 0.0220390. The Westergaard closed form solution for this case is 0.019 in., as reported in the text
Discontinuous Orthotropic Plates and Pavement Slabs.
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DEdl ) e8] 1R 5o BhrRex] B [HEE [~ 5 oo 2= =] o] [ u=[HE|

For Help, press F1 NUN 74

Figure 6.9 Slab of Example 3 shown with soil stiffness and center point load

6.5 Example 4: Square slab on soil - Mindlin method

6.5.1 Problem Description

This example uses the same slab and loading condition as Example 3 to estimate the deformation
of the slab based on Young’s modulus of the soil which is entered externally. Instead of using the given

soil subgrade modulus as soil springs, Young’s modulus of soil is used to derive the soil stiffness beneath
each nodal point.

6.5.2 Modeling Instruction
To solve this problem using GeoMat, use the New from template option in the File menu. In the
Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template dialog

User’s Manual (Rel. Aug/2022) GeoMat v2022



CHAPTER 6 — Examples — 6-12

box, choose “Rectangular — Equally Spaced” for the Shape and “Linear 4 Noded” the Element Type. Enter
the “Length” and “Width” as 288, and the “Number of Divisions” as 8. Click OK to draw the slab on the
screen.

Go to Input Data —> Title and enter a name for the current project; this one is Example 4. Click
OK to save this as the project title. In this model a reduced integration 4 node element will be used, to
apply this go to Input Data -> Integration Points and select “1 x 1 (reduced).” Return to the Input Data
menu and proceed to Material Properties. Leave the default “Element Number/Set” value as ALL, select
Isotropic under “Material Type” and click Define to open the Material Properties dialog box. In the
Material Properties dialog box modify the parameters to those given in the problem statement from
example 3 and then click OK to save the changes and close the dialog box. In the Material Data dialog box
click OK to return to the main screen.

The nodal edges must be restrained since there is no nodal stiffness applied for this case.
Following the procedure described in Example 2, create a node set named EDGE and set the edge nodes
to it. Go to Input Data -> Node Set then Add Row and enter the name EDGE into the edit box and click
the Define button to launch the Node Set dialog. Using the Add Row button, enter 1 under “Node
Number/Set,” 9 under “Final” and 1 under “Increment” to select the nodes to be defined in the bottom
edge (nodes 1 through 9). Add a second row using the Add Row button, enter 73 under “Node
Number/Set,” 81 under “Final” and 1 under “Increment” to select the nodes to be defined in the top edge
(nodes 73 through 81). Add a third row, enter 10 under “Node Number/Set,” 64 under “Final” and 9 under
“Increment” to select the nodes to be defined in the left edge (nodes 10, 19, 28, 37, 46, 55, 64). Add a
fourth row, enter 18 under “Node Number/Set,” 72 under “Final” and 9 under “Increment” to select the
nodes to be defined in the right edge (nodes 18, 27, 36, 45, 54, 63, 72). Click Ok to go back to the Node
Set dialog box, and then click Ok to return to the main screen. Next, go to Input Data -> Nodal Constraints
and restrain the EDGE set in the y and z directions. Click on Add Row, enter EDGE under “Node Number”,
and check “DisplacY,” “Displac Z” and “Rotation X.” Click Apply and then OK.

To input the center load, go to Input Data -> Nodal Loads. Add a row and enter the number of
the middle node, 41. Check off the “Force X” box and enter 10000 for the load. Click Apply and then
OK. Figure 6.10 shows the slab with the point load applied at the center and the edge restraints. Next,
go to Input Data -> Soil Stiffness. Select “Estimate Soil Stiffness using Mindlin Equation. For this
example, a Young’s modulus of 17000, a Poisson’s ratio of 0.4, and an initial stiffness of 700 are
assumed, click OK to return to the main screen. Go to Input Data -> Time Stepping, under “Max.
Iterations/Step” enter 500, and under “Error Tolerance” enter 0.001, click Ok to return to the main screen.

Before executing the file, go to File -> Save As... and save the file as example4.slb. Once this is completed,
go to Computations -Run Analysis to launch the analysis.
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Figure 6.10 Slab of Example 4 shown with center load and edge restrains

6.5.3 Output Results Review

Execute the file and view the output data. To view the deformed shape, go to Results ->
Deformed Mesh and check both options “Show Deformed Shape” and “Show Undeformed Model”. The
graphic shown in Figure 6.11 was produced using a deformation factor of 500. The center deflection is
reported to be 0.0061 inch. The Young’s modulus and initial stiffness values will need to be varied until
the output deflection approaches that of the known value. A Young’s modulus of 17000 and an initial
stiffness of 700 were used in this example.
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Figure 6.11 Deformed shape of slab of Example 4 shown with center load and edge restrains

6.6 Example 5: Slab on soil to support four columns (no rotation
restraint)

6.6.1 Problem Description

This problem models a square concrete slab resting on soil using 8-node isotropic plate elements.
The slab is 10 ft. square and 2 ft. thick. Young’s modulus is taken as 468,000 kip/ft? (ksf) and Poisson’s
modulus is 0.15. The subgrade modulus of the soil is assumed to be 100 kcf. A concentrated load of 125
kips is applied to four nodes around the plate center.

6.6.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular — Equally Spaced” for the Shape and “Quadratic 8 Noded” for the
Element Type. Enter the “Length” and “Width” as 10, and the “Number of Divisions” as 5. Click OK to
draw the slab on the screen.

Go to menu Input Data -> Title and enter a name for the current project; this one is Example 5.
Click OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
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Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
modify the parameters to those given in the problem statement and then click OK to save the changes
and close the dialog box. In the Material Data dialog box click OK to return to the main screen.

To set the soil stiffness, go to menu Input Data -> Distributed Stiffness. Add a row using the Add
Row button. Under the “Element Number” heading, enter ALL in the edit box, so the soil stiffness is
distributed evenly beneath all of the slab elements. Next, check the box under the “D. Tr. K X” column
and enter 100 in the associated edit box. Click Apply and then OK button.

Next, go to Input Data -> Nodal Loads. Because the load is applied in the center, and no node
exists at that location, the load will be evenly divided among the four nodes of element 13 (39, 41, 56,
and 58). Add four rows and enter a load of 125 for each node. Click Apply and then OK.

Before executing the file, go to File -> Save As... and save the file as example5.slb. Once this is
completed, go to Computations -> Run Analysis to launch the analysis.

6.6.3 Output Results Review

When the analysis is completed, go to menu Computations -> View Output File. The deflection
at node 39is 0.0508956 ft. Moments M,, at corner node of element 13, are 50.344 kip*ft/ft. These results
are close to the solution reported in the text Foundation Analysis and Design for this slab. To view the
how the slab deforms, go to Results -> Deformed Mesh, or to view the moment distribution, go to Results
-> Contour Plot and select the desired moment.

Figure 6.12 shows the deformed slab with a deformation shape factor of 5 with the undeformed outline.
Figure 6.13 shows the contour plot of the moment in the y direction. Figure 6.14 shows moment M,, of
node 39 using nodal output option.
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Figure 6.12 Deformed shape of slab of Example 5
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Figure 6.13 Contour plot of moment distribution in the y direction of Example 5
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Figure 6.14 Nodal output for moment My at node 39 in Example 5

6.7 Example 6: Slab on soil to support four concentrated forces
(restrained nodal rotation)

6.7.1 Problem Description

This example uses the slab of Example 5, but this time assumes that nodes 39, 41, 56, and 58 are
held against rotation in both y and z directions, simulating the presence of a fixed concrete column. Go to
Input Data -> Nodal Constraints and add 4 rows. Under the “Node Number” column input 39 for row 1,
41 for row 2, 56 for row 3, and 58 for row 4, and check off “Rotation Y” and “Rotation Z” for each row.
The deformation at node 39 drops to 0.0507750 ft., and the moment under the column becomes 44.19
kip*ft/ft. The deformed shape and the contour plot of the moment in the y direction are shown in Figure
6.15 and Figure 6.16, respectively.
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Figure 6.15 Apply node rotation constrains to simulate non-rotation at column foot in Example 6
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Figure 6.16 Contour plot of moment distribution in the y direction of Example 6
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Figure 6.17 Moment My at node 39 in Example 6

6.8 Example 7: Rectangular slab on soil subject to column loads

6.8.1 Problem Description
This example considers a rectangular concrete raft supporting four columns. The slab is 16m by
12 m, and is 0.8m thick. The concrete has a Young’s modulus of 30 GPa (30000 MPa) and a Poisson’s ratio

of 0.2. The subgrade modulus of the soil is 4 MN/ms. The columns provide a concentrated load of 5MN,
3MN, 6MN, and 8MN, respectively. The column locations are shown in Figure 6.18.

6.8.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular — Equally Spaced” for the Shape and “Quadratic 8 Noded” for the Element
Type. In the Y-direction enter the “Length” as 16 and “Number of divisions” as 16, In the Z-direction
enter the “Width” as 12 and “Number of divisions” as 12. Click OK to draw the slab on the screen.

Go to Input Data -> Title and enter a name for the current project; this one is Example 7. Click OK
to save this as the project title. Next, return to the Input Data menu and proceed to Material Properties.
Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material Type” and
click Define to open the Material Properties dialog box. In the Material Properties dialog box modify the
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parameters to those given in the problem statement and then click OK to save the changes and close the
dialog box. In the Material Data dialog box click OK to return to the main screen.

To set the soil stiffness, go to Input Data -> Distributed Stiffness. Add a row using the Add Row
button. Under the Element Number heading, enter ALL in the edit box, so the soil stiffness is distributed
evenly beneath all of the slab elements. Next, check the box under the “D. Tr. K X” column and enter 4 in
the associated edit box. Click Apply and then the OK button.

Next, go to Input Data -> Nodal Loads. The columns are located at nodes 109, 129, 409, and 429.
At node 109, enter a load of 5SMN in the x direction; at node 129, a load of 3 MN; at node 409 a load of
8MN; and at node 429 a load of 6 MN.

Before executing the file, go to File -> Save As... and save the file as example7.slb. Once this is
completed, go to Computations -> Run Analysis to launch the analysis.
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Figure 6.18 Location of columns on raft of Example 7

6.8.3 Output Results Review

When the analysis is completed, go to Computations —> View Output File. To view how the slab
deforms, go to Results —> Deformed Mesh. Figure 6.19 shows the deformed slab with a deformation
shape factor of 10 together with the undeformed outline. To view the moment, go to Results —> Contour
Plot and select the desired moment axis. The maximum moment in the y direction is 1767.2 m-kN at the
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8 MN column. The maximum moment in the x direction also occurs at the 8 MN column and is 1778.1 m-
kN. Figure 6.20 shows the moment distribution of the raft along the y axis.

For viewing the section-cut plot, the user should click Section Cut item under Input Data menu
and then select the cutting lines by default or by the user-specified. To view the deflection along the
cutting line, go to Results —> Section Cut Plot and select the desired cutting line and deflection as shown
in Figure 6.21 for required display.
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Figure 6.19 Deformed shape of slab with column loads of Example 7
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Figure 6.20 Moment distribution of the slab in the y direction of Example 7

B! Section Cut X-Y Plot - O X
Cut Line Selection Field Variables B -
CutLine 1: Deflection w

Cutline 1 LI IDISpﬁX LI

3.65Te-002

3.556e-002
X-Y Plot Option
@ Line Width 34546002
_]' 2 :l' 3.3536-002
¥ ShowX Grd 32516002

by
V" Show Y Grid %I 3.150e-002
2
3.049.002 T
/

2.9476.002

28462002

2744002 \

2643¢.002 .

000 160 320 480 640 500 960 112 128 144 160
Location along cut line
Figure 6.21 Deflection of the slab along the cutting line of Example 7
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6.9 Example 8: Rectangular raft on soil to support columns and walls

6.9.1 Problem Description
This example considers a rectangular concrete raft supporting 10 columns and three wall sections.
The slab is 16m by 8 m and is 0.8m thick. The concrete has a Young’s modulus of 30000 MPa and a

Poisson’s ratio of 0.2. The subgrade modulus of the soil is 30 MN/mg. The location of the walls and
columns and the mesh size are shown in Figure 6.22.
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Figure 6.22 Location of walls and columns in Example 8

6.9.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular — Equally Spaced” for the Shape and “Quadratic 8 Noded” for the Element
Type. In the Y-direction enter the “Length” as 16 and “Number of divisions” as 10, In the Z-direction
enter the “Width” as 8 and “Number of divisions” as 8. Click OK to draw the slab on the screen.

To set the soil stiffness, go to Input Data -> Distributed Stiffness. Add a row using the Add Row
button. Under the Element Number heading, enter ALL in the edit box, so the soil stiffness is distributed
evenly beneath all of the slab elements. Next, check the box under the “D. Tr. K X” column and enter 30
in the associated edit box. Click Apply and then the OK button.
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Next, go to Input Data -> Nodal Loads. The columns are located at nodes 1, 11, 21, 163, 169, 175,
257,267,271, 277,107, 103. And the loads are 1.1, 1.22, 1.09, 0.29, 0.15, 0.83, 1.11, 1.05, 0.5, 1.34, 0.31,
0.44 (MN), respectively. The U-shape wall load is entered as follows. Go to Input Data —> Edge Sets.
Create a new edge set named WALL (Click Add Row and enter WALL under the “Set” column). Then select
Define and add six rows as shown in Figure 6.23. Once all the values are entered, click Apply and OK to
return to the Edge Set dialog box, then click OK to return to the main screen. To assign the load to the
wall, go to Input Data —> Edge Loads. Set the Edge column to WALL, under “DOF” enter 1 and place the
0.600 MN load in the Load Node 1, 2 and 3 columns, click Apply and OK to return to the main screen.

Before executing the file, go to File -> Save As... and save the file as example8.slb. Once this is completed,
go to Computations -> Run Analysis to launch the analysis.

5& GeoMat 2022.0 - [example8.slb] — Od X
@File Edit View Input Data Computations Transform Results Options Selection Window Help -8 %
DEu ) Be 8t e [[Folslel SEEEve Bl e [~ ol s @] o] =
Edge WALL X
OK ‘
Elem. Final Increment Side
Edge Set Close
1] 29 | 29 | 1 2
2| 19 | 19 | 1 2 Q
3| 2 | 29 | 1 3 Sort
4 [ 2 | 1 3 Add Row
5| 27 | 27 | 1 2
Insert Row
6 17 17 | 1| 2
Delete Row
Number of
Rows
6
For Help, press F1 NL

Figure 6.23 Location of edge set for U-shape wall in Example 8

6.9.3 Output Results Review

When the analysis is completed, go to Computations —> View Output File. To view how the slab
deforms, go to Results —> Deformed Mesh. The deformed shape of the slab is shown in Figure 6.24.
Moment distributions in the y and z directions are shown in Figure 6.25 and Figure 6.26. Note the
locations of positive and negative bending
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For Help, press F1

Figure 6.24 Deformation of slab in Example 8

— | X

- a x

@ GeoMat 2022.0 - [example8.slb]

D File Edit View Input Data Computations Transform Results Options Selection Window Help
D s 2e(8 2w [+ofee FAtRleer B (HEE [ rE sfo x| o SJul= E]
Mz

-7.1580E-002
-2.9320E-003
6.5616E-002
1.3421E-001
2.0281E-001
2.7141E-001
3.4001E-001
4,0861E-001
4,7720E-001
5.4580E-001
6.1440E-001

NUL 4

For Help, press F1

Figure 6.25 Contour of bending moment Mz
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@ GeoMat 2022.0 - [example8.slb] - O X
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Figure 6.26 Contour of bending moment My

6.10 Example 9: Wind turbine foundation supported by drilled shafts

6.10.1 Problem Description

A foundation design utilizing drilled shafts, hereafter referred to as a drilled shaft foundation, for
a wind turbine generator would conceptually consist of a circular or square array of drilled shafts
connected to a reinforced concrete cap (Figure 6.27). The wind turbine tower would then be attached
to the cap with the use of post-tensioned anchor bolts anchored to an embedment plate within the cap,
or an embedded portion of the wind turbine tower, commonly referred to as an Embedded Stub or
Foundation Mounting Part (FMP) as shown in Figure 6.28. Drilled shafts would extend to a sufficient
depth to resist design loads from overturning, torsion, and horizontal shear, as well as gravity loads from
the wind turbine and associated components.

The unique requirements of structural design on a pile cap for a wind-turbine foundation include:
(1) integrating the drilled shafts and the pier cap together so that the pile cap may reliably distribute the
loads to each drilled shaft; and (2) integrating the base cap and the embedded mounting plate of the
wind turbine tower to substantially reduce or eliminate the risk of pullout failure of the embedded
mounting plate. The punching-shear failure near the heavily loaded shaft as well as the surface
reinforcement for delivering the required bending capacity of the pile cap should also be evaluated in the

pile-cap design.
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Wind

Medum Stiff Clay

Detse Sand

Figure 6.27 Conceptual sketch of drilled-shaft foundation supporting a wind turbine

The diameter of the concrete pile cap is 6.835 m and the thickness of the pile cap is 1.5 m. The
loads on the pile cap include (1) vertical load of 1108 kN, horizontal load of 550 kN, and bending moment
of 21373.4 kN-m. The embedded mounting plate hosts a total of 96 anchor bolts which are arranged in
two circular rings (Figure 6.28). The diameter of the outer ring is 1.959 m and the diameter of the inner
ring is 1.839 m.
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Figure 6.28 Dimension of pile cap and the embedded mounting plate with two rings of anchor bolts

6.10.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In
the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Circular” for the Shape and “Linear 4 Noded” for the Element Type. Enter the
diameter as 6.835 m, and the “Number of Divisions” as 64, as shown in Figure 6.29. Click OK to draw

the slab on the screen.

Go to Input Data —> Title and enter a name for the current project; this one is Example 9. Click
OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
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modify the parameters to as Young’s modulus of 21, 000, 000 kN/m?, Poisson’s ratio of 0. 3, and the
thickness of 1.5 m. Click OK to save the changes and close the dialog box. In the Material Data dialog

box click OK to return to the main screen.

New Project from Template

Shape Element Type

@ Circular @ Linear 4 noded

X
OK
" Rectangular - Equally Spaced " Quadratic 8 noded

(" Rectangular - General Spacing (" Quadratic 9 noded

Circular

Diameter 6.835
Number of divisions 64 =

L2

Figure 6.29 New Project from Template dialog screen for Example 9

It can be assumed that the pile cap is restrained completely (not allowing any translations) at the
top of drilled shafts. The drilled shafts are assigned as node sets P1, P2, P3, P4, P5, P6, P7, and P8 based

on the location.

To define the nodal sets (P1, P2, P3, P4, P5, P6, P7, and P8) to be used later for Nodal Constraints,
click Node Set under Input Data Menu, and bring a dialog box as shown in Figure 6.30. Add 8 new rows
and assign the names P1, P2, P3, P4, P5, P6, P7, and P8. Click the Define button under “Action” for
each set name. As shown in Figure 6.31 to Figure 6.34, the nodal points which are covered by the contact
area were entered with some convenient arrays. Those nodal points can be easily identified on the mesh

plot by the Zone tool (Figure 6.35).
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Figure 6.30 Node Set screen for Example 9

Node Set - P1 X Node Set - P2 X
ox
Node Final Increment Node Final Increment
Number/Set Close Number/Set
1| | 2546 | 1 1| | 3470 | 1
Appl Appl
2 2607 2612 1 w 2 3529 3536 1 HE
3 2671 2677 1 Sort 3 3593 3601 1 Sort
4 2738 | 2742 | 1 Add Row 4 3657 | 3666 | 1 Add Row
5| 2800 | 2807 | 1 5| 3722 | 3731 | 1
Insert Row Insert Row
6 2865 2872 1 6 3787 3795 1
7 2930 2037 1 MI 7 3852 3850 1 MI
8| 2005 [ 3001 | 1 Number of 8| 3017 [ 3922 | 1 Number of
Rows Rows
g| 3060 | 3065 | 1 l—m l—g
m| 3125 | 3129 | 1 % %
Figure 6.31 Definition of Node Sets P1 and P2 for Example 9
Node Set - P3 X Node Set - P4 X
Node Final Increment Node Final Increment
Number/Set Number/Set
1| | 3491| 1 1| | 2593| 1
Appl Appl
2| 3550 | 3557 | 1 w 2| 2654 | 2659 | 1 oY
3| 3615 | 3623 | 1 Sort 3| 2719 | 2725 | 1 Sort
1 3680 3689 1 Add Row 1 2784 2790 1 Add Row
5 3745 3754 1 5 2849 2856 1
Insert Row Insert Row
ﬁ| 3811 | 3819 | 1 ﬁ| 2914 | 2921 | 1
7] 3877 | 3884 | 1 M 7] 2079 | 2986 | 1 M
8| 3044 [ 3040 | 1 Number of 8 3045 3051 1 Number of
Rows Rows
8 9 3111 3116 1 l—m
% 1u| 3177 | 3181 | 1 %

Figure 6.32 Definition of Node Sets P3 and P4 for Example 9
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Node Set - P5 X Node Set - P6 X
Node Final Increment Node Final Increment
1 | 1683 1 1 | 761 1
Appl Appl
2 1614 1619 1 &I 2 590 697 1 PRV
3 1549 1555 1 Sort 3 625 633 1 Sort
4 1484 1490 1 Add Row 4 560 569 1 Add Row
5 1419 1426 1 5 495 504 1
Insert Row Insert Row
6 1354 1361 1 6 431 439 1
7 1289 1296 1 el 7 367 374 1 et
8 1225 1231 1 Number of 8 304 309 1 Number of
Rows Rows
9 1161 1166 1 l—m I—B
10 1097 | 1101 | 1 % %
Figure 6.33 Definition of Node Sets P5 and P6 for Example 9
Node Set - P7 X Node Set - P8 X
Node Final Increment Node Final Increment
1 | | 740 1 1 | | 1636 1
Appl App
2 669 676 1 w 2 1567 1572 1 G
3 603 611 1 Sort 3 1501 1507 1 Sort
4 537 546 1 Add Row 4 1436 1442 1 Add Row
5 472 481 1 5 1370 1377 1
Insert Row Insert Row
6 407 4715 1 6 1305 1312 1
7 342 349 1 ool oy 7 1240 1247 1 poktoion
8 277 282 1 Number of 8| nzs [ | 1 Number of
Rows Rows.
I—g 9| 1110 | 1115 | 1 l—w
@ 10| 1045 [ 1049 | 1 @

Figure 6.34 Definition of Node Sets P7 and P8 for Example 9
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eoMat 2022.0 - [example9.slb] — O X

Computations Transform Results Options Selection Window Help

- L x
+[olefe EIGHe|nls| @] [ HEE  x|T 2] omlm| x5 ol o] | A=+

To set the nodal constraints, go to Input Data —> Nodal Constraints. Add one row for each drilled shaft
location using the Add Row button. Under the Nodal Number heading, enter (P1, P2, P3, P4, P5, P6, P7,

and P8) in the edit box, so the each represent the nodal points within the cont

act area of drilled shaft.

Next, check the box under “Displac. X”, “Displac. Y”, and “Displac. Z” columns and enter 0 in the associated
edit box (Figure 6.36). Click Apply and then the OK button.
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Specified Nodal Displacements >
Node Displac. Displac. Displac. Rotation Rotation Rotation L
Number X Y z X Y z Close

1 3 0| 0| 0| o] 0| 0
2\ P2 |7\ ov| 0|7| 0|7| or| o|—| 0 Q
3\ P3 |7\ ov| 0|7| 0|7| or| o|—| 0 Sort
4| P4 |7 0| 0| 0| 0| 0| 0 Add Row
5 P5 v | 0| 0| 0| o 0 0

Insert Row
6‘ P6 |7\ nv| 0|7| 0|7| nr| 0|—| 0
ARG 0| o[ o o] 0[] 0 Delete Row
s[ P [ o[ o[ o[ o[ o[ o Nghere

8

Figure 6.36 Nodal constraints dialog screen for Example 9

Next, go to Input Data —> Equivalent Concentrated Loads. The user can specify two circular rings
for hosting 48 anchors at each ring and enter the diameters of each ring. The user also needs to specify
the loads (Fx = 1108 kN, and My = 21373.4 kN) applied on the pile cap through the anchor bolts. Note that
for this example the horizontal load was not applied since only actions out of plane were analyzed.

The program will calculate the location of each anchor bolt arranged in a circular pattern and the
concentrated loads on each anchor bolt based on the anchor-bolt location and loading data as shown in
Figure 6.37.
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Figure 6.37 Equivalent concentrated loads screen for Example 9

Before executing the file, go to File —> Save As... and save the file as example9.slb. Once this is

completed, go to Computations —> Run Analysis to launch the analysis.

6.10.3 Output Results Review

When the analysis is completed, go to Computations —> View Output File. The maximum vertical
displacement is approximately 0.113 mm under compression and 0.097 mm under tension as shown in

Figure 6.38. The contour of bending moment along the Y-axis is shown in Figure 6.39. The contour of
shear along the XY-planes is shown in Figure 6.40.

For viewing the section-cut plot, the user should click Section Cut item under Input Data menu

and then select the cutting lines by default or by the user-specified. To view the deflection along the
cutting line, go to Results —> Section Cut Plot and select the desired cutting line and deflection as shown
in Figure 6.41 for required display.
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5& GeoMat 2022.0 - [example9.slb]
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Figure 6.38 Contour of deflection of Example 9
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Figure 6.39 Contour of bending moment (My) of Example 9
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Figure 6.40 Contour of shear on XY plane of Example 9
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Figure 6.41 Bending moment (Mz) along a cutting line of Example 9
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6.11 Example 10: Square slab on soil - Vlasov method

6.11.1 Problem Description

This example considers a square concrete slab resting on the soil. A concentrated force P =
56 kip is applied at the center of the slab (Figure 6.42). The slab is 33 ft by 33 ft, and is 0.851ft thick. The
Young’s modulus and the Poisson’s ratio of the slab and soil are listed in Table 6-1. Assume the
compressible thickness of the soil is 30 ft. Bottom boundary of the soil is assumed to be fixed in x,y,z
directions.

slab
Ep=43200 ksf 2z

v, =0.15 " P =56 kip

soil

y

30 ft

E, = 190 ksf
% =0.3

Figure 6.42 Configuration of slab resting on soil of example 10

Table 6-1: Parameters of slab and soil in example 10

Young’s modulus E(ksf) | Poisson’s ratio v Thickness (ft)
slab 432000 0.15 0.851
soil 190 0.3 30

6.11.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In

Ill

the Slab Type dialog box select “Circular or Rectangular Conventional” and click Next. In the Template
dialog box, choose “Rectangular —Equally Spaced” for the Shape and “Quadratic 8 Noded” for the Element
Type. Enter 33 for both “Length” and “Width”, and the “Number of Divisions” as 24. Here a fine mesh is
desired because coarse mesh can’t capture the peak forces near the concentrated load. Click OK to draw

the slab on the screen.

Go to Input Data - Title and enter a name for the current project; this one is Example 10. Click
OK to save this as the project title. Next, return to the Input Data menu and proceed to Material
Properties. Leave the default “Element Number/Set” value as ALL, select Isotropic under “Material
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Type” and click Define to open the Material Properties dialog box. In the Material Properties dialog box
modify the parameters to as Young’s modulus of 432000000 psf (432000 ksf), Poisson’s ratioof 0. 15,
and the thickness of 0.851 m. Click OK to save the changes and close the dialog box. In the Material
Data dialog box click OK to return to the main screen. To set the soil stiffness, go to Input Data —> Soil
Stiffness. Select the second option “Estimate Soil Stiffness using Vlasov Approach”. Input soil properties
as shown in Figure 6.43. Keep the initial Gamma as 1.0. This default value works well for most cases.
Click OK to return to the main screen.

Soil Stiffness

Cancel

X
" Do not consider Soil Stiffness

(@ Estimate Soil Stiffness using Vlasov Approach

(" Estimate Soil Stiffness using Mindlin Equation

Young Modulus at Top 190000
Young Modulus at Bottom 190000

Poisson's Ratio

0.3
Soil Depth 30
1

Initial Gamma

2

Figure 6.43 Input soil properties in Vlasov approach

Next, go to Input Data —> Nodal Loads. The concentrated load is applied at the middle node (913). Click
Add Row to add one new row, input 913 as the node number. Then check the option for Force X and
input 56000 Ibs (56 kip) as shown in Figure 6.44. Display of node number can be controlled by menu
Options —> Node Numbers.
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Number X Y z X Y z Close
1 913 | 56000|:|| OD‘ DD‘ OD‘ OD‘ 0

Ul

Sort
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il

Delete Row

Number of
Rows

.

Figure 6.44 Define concentrated load at slab center

Before executing the file, go to File —> Save As... and save the file as example10.slb. Once this is
completed, go to Computations —> Run Analysis to launch the analysis.

6.11.3 Output Results Review

When the analysis is completed, go to Computations —> View Output File. All deformation and
internal forces are plotted into this file. Since the number of nodes in this example is large, it is not
convenient to look for the output for one specific node. Go to Results —> Node Results, then input node
number 913 which is loaded. Check the deflection at this node is 0.01174 ft (Figure 6.45).

1
Results at nodes X

Node Disp. X Disp. Y Disp. Z
913 ]
= ‘ 0.01174 ‘ 0 ‘ 0

Variable Type

(¢ Displacements Rot. X Rot. Y Rot. Z
(" Reactions ‘ 0 ‘ 2.517e-016 ‘ -5.42e-017

(" Plate Forces

(" Plate Stresses
Close

Figure 6.45 View node output for one specific node

A

Go to Results —> Section Cut Plot, select “My” as the field variables. The distribution of moment “My”
along the center line of the plate is plotted as shown in Figure 6.46. Change field variable to “Qxy” to
plot the shear force along the same cut line as in Figure 6.47. Since a fine mesh is defined, the peak
moment and shear force can be observed in these cut line plots.
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Figure 6.46 Distribution of moment My along cut line 1 in example 10
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Figure 6.47 Distribution of shear force Qxy along cut line 1 in example 10

In the Vlasov approach, parameters y, k and 2t are iterated until convergence of displacements is
reached. The initial value of y is set to 1 and the final y increases to 1.81 as shown in Figure 6.48.
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step 1  tcur = 1.0000 dt = 1.0000
gamma = 1.000000, k = ©0.8684E+04, 2t = 0.6456E+06
iter = 1 errl = 0.1000E+01 d 0.1999E+00 u = 0.1999E+00 rhs = 0.5600E+05

err2 = 0.1000E+01 r 0.2104E-01 ru= 0.2104E-01 rrhs= ©.0000E+00
gamma =  1.730552, k = ©.9564E+04, 2t = 0.5278E+06

iter = 2 errl = 0.2800E-01 d = 0.5605E-02 u = 0.2002E+00 rhs = 0.4982E+03
err2 = 0.4621E-01 r = 0.1018E-02 ru= 0.2204E-01 rrhs= 0.2091E+03

gamma = 1.800223, k = 0.9700E+04, 2t = 0.5165E+06

0.9196E-03 u = 0.1996E+00 rhs = 0.4885E+02
0.6839E-04 ru= 0.2210E-01 rrhs= ©0.1998E+02

iter = 3 errl = 0.4607E-02 d =
err2 = 0.3094E-02 r =

gamma = 1.809304, k = 0.9719E+04, 2t = 0.5151E+06

0.1263E-03 u = 0.1995E+00 rhs = 0.6346E+01
0.8439E-05 ru= 0.2211E-01 rrhs= ©0.2586E+01

iter = 4 errl = 0.6331E-03 d =
err2 = 0.3817E-03 r =

gamma = 1.810514, k = ©0.9721E+04, 2t = 0.5149E+06

0.1694E-04 u = 0.1995E+00 rhs = 0.8452E+00
0.1116E-05 ru= 0.2211E-01 rrhs= 0.3442E+00

iter = 5 errl = 0.8493E-04 d
err2 = 0.5049E-04 r

Figure 6.48 Output of y, k and 2t in example 10

The concentrated load of 56 k is applied at Node 913, which is approximately at the center of the
slab. The shear force at the cutting line clearly indicates the change of shear force from negative to
positive before and after Node 913 with the concentrate load as shown in Figure 6.47. The total change
of shear force should yield the theoretical value of 56 k. However, the accuracy of numerical solution will
depend mostly on the element sizes used near the concentrated load as indicated in Figure 6.49. When
the element sizes are finer enough, the change of shear force gets closer to the theoretical value. The
result from finer meshes is also in agreement with those computed based a three-dimensional model
using ABAQUS from Dassault Systems.

shear force

3.00E+04
2.00E+04 ‘

1.00E+04

0.00E+00
0.00E+00 5.00E+00 1.00E+01 1.50E+

1" 700E+01 2.50E+01 3.00E+01 3.50E+01

shear force Qxy

-1.00E+04
-2.00E+04 ,

-3.00E+04
distance (ft)

--------- GeoMat(L=1.65) = — = ABAQUS

Geomat(L=0.55)

geomat(L=0.367)

Figure 6.49 Influence of mesh size to shear stress in example 10
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6.12 Example 11: Circular wind turbine foundation — Vlasov method

6.12.1 Problem Description

This example considers a wind turbine foundation with circular shape (Figure 6.50). The
parameters of soil are listed in Table 6-2. The depth of compressible soil is 30 ft. Dimensions of the
concrete foundation are also listed in Table 6-2. Applied loads include vertical thrust force P =
696 kip,V = 81.6 kip,and M = 25250 kip - ft. The loads are applied in xy plane in GeoMat. Units used
in this example are kip, ft.

P =696 kip
-V =816kip
E =5.8e5 ksf I w M =25250 kip*ft B
v=0.15 v
Fio
\_ /J—\ e

E =1320ksf
v=0.2
H=30ft

Figure 6.50 WTB foundation resting on soil of example 11

Table 6-2: Parameters of slab and soil in example 11

Young's Poisson’s | Thickness | R1 | R2 R3 D1 | D2 D3
modulus ratiov (ft) (ft) | (Ft) | (Ft) | (ft) | (ft) | (ft)
E(ksf)
foundation | 5.8e5 0.15 9 135|129 |1 6.33 | 4
soil 1320 0.2 30

6.12.2 Modeling Instruction

To compute this problem using GeoMat, use the New from template option in the File menu. In the
foundation type selection dialog, select “Circular wind turbine foundation.” In the following template,
input foundation dimensions and loads as shown in Figure 6.51. Keep the default division of 40. Keep the
default “Quadratic 8-noded” element type and “2x2” integration rule. Click OK to generate the mesh.
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R3

R2"

Finite Element Option
" Linear 4 noded
¢ Quadratic 8 noded
" Quadratic 9 noded
Division of 2¥Pi*R3

Typical FE Size

—

Template of Circular Wind Turbine Foundation

Plane Dimension

R1 9
R2 13.5
R3 29

Angle(deg) = |o

Section Dimension

D1 = 1
D2 = 6.33
D3 = 4
Load
P = 696
= 81.6
= 25250
Integration Rule
@
® 2X2
" 3X3

OK Cancel

Figure 6.51 Template for circular wind turbine foundation in example 11

Now define material parameters for the concrete foundation.

Click menu Input Data —> Material

Properties. The foundation is divided into four sets based on different thicknesses. Click the name under

“Element Number/Set” will highlight selected element set in cyan color (Figure 6.52).

Click button Define to change Young’s modulus E and Poisson’s ratioto 5. 8e5 and 0. 15 respectively for

each element set. Click OK to exit from the material property window.

The next step is to define soil parameters. Soil in the Vlasov approach is assumed to have one layer. Click

menu Input Data->Soil Stiffness and select the second option “Estimate Soil Stiffness using Vlasov

Approach.” Change Young’s both modulus at top and bottom to be 1320 as shown in Figure 6.54. Change

Poisson ratio to 0. 2. Click OK to exit.

Click menu Input Data->Nodal Loads to check equivalent nodal loads calculated by GeoMat (Figure 6.55).

Nodal loads are concentrated point forces in green color. Click OK to exit.
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Material Data

% Element Material Type Edit Properties OK

Number/Set

1 | set 1 [isotropic ~| '
2 sel_2 [isolropic -] Defi Apply | '
3 set 3 [isolropic ~| Define

a| [Isotropic El T Add Material

Insert Material
Delete Material

Figure 6.52 main window for material definition in example 11

Material Data

% Element Material Type Edit Properties
Number/Set
1 | set 1 [isotropic ~] Define
2 set 2 [isolropic ~] Define
3 set 3 [isotropic ~] Define
4 I [1satropic ~] Define

Figure 6.52 main window for material definition in example 11
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Material Properties

Element Number/Set  |sel_1

Young Modulus 5.8e5
Poisson's Ratio 0.15]
Slab Thickness 11.33

Cancel

e [

Figure 6.53 Define Young’s modulus and Poisson ratio for each slab sets in example 11

Soil Stiffness

(" Do not consider Soil Stiffness OK

X
L ox |
Cancel

@ Estimate Soil Stiffness using Vlasov Approach

(" Estimate Soil Stiffness using Mindlin Equation

‘Young Modulus at Top 1320
‘Young Modulus at Bottom 1320

Poisson's Ratio

.2
Soil Depth 0
Initial Gamma 1

0
3

e

Figure 6.54 Define soil property using Vlasov approach in example 11

Nodal Loads X
oK
Node Force Force Force Moment Moment Moment
Number X Y z X Y z Close
1| |7| 579404 |T|c.6793m |7| 0 |—| 0 |—| 0 |—| 0 ﬂ
Appl
2 21 [+ 542654 [v [0679301 [& o o o 0 w
3 22 || 536686 [v [0679301 [ o o o[- 0 Sort
4 23 || 518983 [v[0679301 & o o o[- 0 Add Row
5 24 || 489823 [v [0679301 [* o o o[- 0
Insert Row
6 25 [v | 450082 [v [0679301 [v o o o[- 0
7 26 v | 400685 [v [0679301 [ o o o 0 M
8 27 || 342848 [+ [0679301 & 0 0 0 0 N“F'{"Obgﬂf
9 28 v | 277996 [v [0679301 v o o 0 0 ,—gu
10 29 |7| 20.7725 |T|c.6793m |7| 0 |—| 0 |—| 0 |—| 0 - %

Figure 6.55 Check equivalent nodal loads in example 11
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Click icon on the toolbar to reset view to y-z plane. Click menu Input Data->Nodal Constraints to
define displacement boundary to remove rigid body motion. Click Add Row to add one new line. Click
icon @ to activate pick and select by mouse. Pick the rightest node (node 682) and check “Displac. Y”
and “Displac. Z.” Keep displacement boundaries to be 0. Similarly add other two rows to define fixed
point at node 686 and 678. Constrained nodes are displayed in Figure 6.56. Click OK to exit.

Specified Nodal Displacements

Node Displac. Displac. Displac. Rotation Rotation Rotation

Number X Y X Y Z Close
1 r| ov| o|7\ or\ or| or\ 0
2[ 686 [ il 0| il 0] o | 0 :{o"‘
a[ e ] 0] 0| 07| 0 0| 0 Sort | Foes

L
S
Delete Row ’.

Number of
Rows

Figure 6.56 Apply nodal constraints to remove rigid body motion in example 111

Before executing the file, go to File => Save As... and save the file as examplell.slb. Once this is
completed, go to Computations —> Run Analysis to launch the analysis.

When analysis is done, open message file to review iterations of y, k and 2t. Click menu Results-
>Section Cut Plot to plot deflection along the first cut line as shown in Figure 6.57. The maximum is
0.0106 ft (0.127in).
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CutLine 1: Deflection w

1.106e-002

9.377e-003

7.695e-003

6.012e-003

4.329e-003

26472003

Disp_X

9.638e-004

-7.189¢-004

-2.402¢-003

-4.084e-003

-5 767e-003

0.00 6.80 1.6 17.4 232 29.0 4.8 40.6 46.4 62.2 58.0

Location along cut line

Figure 6.57 Deflection along cut line 1 in example 11
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PROGRAM LICENSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICE: The software you are about to install or previously have installed from Ensoft
Incorporated (“ENSOFT?”) is licensed only on the condition that you agree to the terms and conditions set forth
below. Please read the terms of this License Agreement & Disclaimer ("LICENSE") carefully.

If you agree to be bound by the terms of this LICENSE, please check mark the box labeled “YES — I Accept the
terms of this License Agreement!” during software installation so it can be installed on your computer.

If you do not agree to the terms of this LICENSE, please check mark the box labeled “NO — I DO NOT Accept the
terms of this License Agreement!” which will terminate the software installation.

If the software is already installed and licensed, you have already agreed to the terms and conditions of this license,
or someone has done so on your behalf.

This LICENSE is a legal agreement between you (“USER”) — either an individual or a single entity— and ENSOFT
for the ENSOFT software product that you are about to install or previously have installed (“PRODUCT”). The
PRODUCT collectively includes computer software and associated media, printed materials, hardware key (dongle),
and electronic documentation. The PRODUCT also includes any updates and supplements to the original
PRODUCT that may have been produced by ENSOFT. By installing, copying, downloading, accessing or otherwise
using the PRODUCT, the USER agrees to be bound by the terms of this LICENSE. If you (the USER) do not agree
to the terms of this LICENSE, do not install or use the PRODUCT.

SOFTWARE LICENSE & DISCLAIMER

The PRODUCT is protected by copyright laws and international copyright treaties, as well as other intellectual
property laws and treaties. The PRODUCT is licensed, not sold.

1. GRANT OF LICENSE
This LICENSE grants you the following rights:

1.1 INSTALLATION AND USE
1.1.1 Single-User Licenses

This software is licensed only to the USER (company or individual) whose name is registered with ENSOFT and for
one specific physical site (“SITE”) registered with ENSOFT. You may install and use the PRODUCT on any
number of computers at the licensed SITE. However, the PRODUCT is fully operational only in the SITE computer
that carries the appropriate PRODUCT’s hardware key (“KEY™) that is used as software protection device.

1.1.2 Network Licenses

This software is licensed only to the USER (company or individual) whose name is registered with ENSOFT and for
the specific physical site(s) (“SITE(S)”) and IP range registered with ENSOFT. Each network seat that is purchased
is provided with access for SITE(S) clients located within up to 2 subnets with unique third octets (“CLIENT
SUBNETS”). The minimum two-seat network license can be associated to a maximum of 4 CLIENT SUBNETS
(within up to 4 unique third octets). Purchase of additional network seats can extend the allowable range of
CLIENT SUBNETS.

The USER may install and use the PRODUCT on any computer in the licensed SITE(S) that is within the allowable
CLIENT SUBNETS registered with ENSOFT. Any one computer in the network can be designated as license
server for the PRODUCT by carrying the appropriate PRODUCT’s hardware key (“KEY™) that is used as software
protection device.

This Network License strictly prohibits the PRODUCT to be used in or from computers located in office locations
that are different than the licensed SITE(S) or outside the registered CLIENT SUBNETS. Users in physical office
locations other than the registered SITE(S) with ENSOFT are required to purchase additional licenses of the
PRODUCT, even if the COMPANY is the same and/or if the additional offices are located in the same city.
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2. OTHER RIGHTS AND LIMITATIONS
2.1 EDUCATIONAL VERSION

If the PRODUCT was licensed with educational discounts, the use of the PRODUCT is strictly limited to academic
or research activities of educators and/or students. Any other usage voids all the rights under this LICENSE. If in
doubt, please contact ENSOFT to determine if you have a PRODUCT version that was licensed for educational
purposes.

2.2 LIMITATIONS ON REVERSE ENGINEERING, DECOMPILATION, AND DISASSEMBLY

You may not reverse engineer, decompile, or disassemble the PRODUCT, except and only to the extent that such
activity is expressly permitted by applicable law notwithstanding this limitation.

2.3 RENTAL
You may not rent, lease or lend the PRODUCT to third parties.

2.4 TRADEMARKS
This LICENSE does not grant you any rights in connection with any trademarks or service marks of ENSOFT.

2.5 SUPPORT SERVICES

ENSOFT shall provide you with limited support and maintenance services (“SUPPORT?”) related to the PRODUCT
during the initial year after purchase and for any additional SUPPORT term that the COMPANY elects to purchase
for PRODUCT after the initial warranty period expires.

Use of SUPPORT is limited to the ENSOFT policies and programs described in the PRODUCT’s User’s Manual, in
documentation on the ENSOFT web site, and/or in other materials provided by ENSOFT.

Any supplemental software code that may be provided to you as part of the SUPPORT or that is downloaded from
the ENSOFT web site shall be considered part of the PRODUCT and subject to the terms and conditions of this
LICENSE. With respect to technical information you provide to ENSOFT as part of the SUPPORT, ENSOFT may
use such information for its business purposes, including for product support, development or advertisements.
However, ENSOFT will not utilize such technical information in a form that personally identifies the USER.

2.6 SOFTWARE TRANSFER

The initial user of the PRODUCT may make a permanent transfer of this LICENSE and PRODUCT and only
directly to an end user. This transfer must include all of the PRODUCT (including all component parts, the media
and printed materials, any upgrades, this LICENSE, and the PRODUCT’s appropriate hardware KEY). Such
transfer may not be by way of consignment or any other indirect transfer. The transferee of such one-time transfer
must agree to comply with the terms of this LICENSE, including the obligation not to further transfer this LICENSE
and PRODUCT.

2.7 TERMINATION

Without prejudice to any other rights, ENSOFT may terminate this LICENSE immediately if you fail to comply
with the terms and conditions of this LICENSE. In such event, you must destroy all copies of the PRODUCT and
all of its component parts and provide evidence of such destruction in writing to ENSOFT within 3 business days.

2.8 INDEMNIFICATION

Within and during the terms of this LICENSE, ENSOFT warrants that the use of the initially provided PRODUCT
does not infringe any patent, copyright, or trademark in the United States, and ENSOFT shall indemnify and hold
USER harmless against any and all losses, damages and expenses, (including attorney’s fees) which USER may
sustain or incur as a result of a breach of this warranty.

2.9 CONFIDENTIAL INFORMATION
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ENSOFT and the USER may have access to certain proprietary information and materials of the other that are
confidential and of substantial value to the respective party, which value would be impaired if such information
were disclosed to third parties ("CONFIDENTIAL INFORMATION"). ENSOFT and the USER agree that neither
shall disclose any CONFIDENTIAL INFORMATION to any third party and shall take every reasonable precaution
to protect CONFIDENTIAL INFORMATION.

The provisions of this section shall not apply to any information which (i) is or becomes available to the public other
than by breach of the LICENSE agreement by the receiving party, (ii) is rightfully received by receiving party from
a third party without confidential limitations, (iii) is independently developed by receiving party's employees
without access to CONFIDENTIAL INFORMATION, or (iv) is known to the receiving party without any restriction
on its use or disclosure prior to first receipt of it from the disclosing party.

3. COPYRIGHT

All title and intellectual property rights in and to the PRODUCT (including but not limited to any images,
photographs, animations, video, audio, music, and text that may be incorporated into the PRODUCT), the
accompanying printed materials, and any copies of the PRODUCT are owned by ENSOFT. All title and intellectual
property rights in and to the content which may be accessed through use of the PRODUCT is the property of the
respective content owner and may be protected by applicable copyright or other intellectual property laws and
treaties. This LICENSE grants you no rights to use such content. All rights not expressly granted are reserved by
ENSOFT. This PRODUCT is protected by the United States Copyright Law and International Copyright Treaty.

4. SOFTWARE DISCLAIMER

Although the PRODUCT has been used with apparent success in many analyses, new information is developed
continuously and new or updated PRODUCT releases may be written from time to time. All users are requested to
inform ENSOFT immediately if any errors are found in the PRODUCT. As modifications, updates, or new versions
are produced, the latest codes are posted on ENSOFT’s web site and made available to all visitors for free
downloading.

No warranty, expressed or implied, is offered as to the accuracy of results from ENSOFT’s PRODUCT. The
PRODUCT should not be used for design unless caution is exercised in interpreting the results and independent
calculations are available to verify the general correctness of the results. Users are assumed to be knowledgeable of
the information in the printed documentation that is distributed with the digital media. Users are assumed to
recognize that the input parameters, eg., soil properties, increment length, tolerance on solution convergence, and
many others, can have a significant effect on the solution and must be chosen carefully. Users should have a
thorough understanding of the relevant theoretical criteria (appropriate references are suggested in the software
documentation).

5. GOVERNING LAW
This LICENSE is governed by the laws of the State of Texas and laws and treaties of the United States of America.

6. CONTACT INFORMATION

Should you have any questions concerning this LICENSE or if you desire to contact ENSOFT for any reason, please
use the following:

Ensoft Incorporated
3003 West Howard Lane
Austin, Texas 78728
United States of America

NO OTHER WARRANTIES
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TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, ENSOFT DISCLAIMS ALL OTHER
WARRANTIES AND CONDITIONS, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, IMPLIED WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, AND TITLE, WITH REGARD TO THE PRODUCT, AND THE PROVISION OF SUPPORT
SERVICES. THIS LIMITED WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS. YOU MAY HAVE
OTHERS, WHICH VARY FROM STATE/JURISDICTION TO STATE/JURISDICTION.

LIMITATION OF LIABILITY

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, IN NO EVENT SHALL ENSOFT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT, OR CONSEQUENTIAL DAMAGES
WHATSOEVER (INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF BUSINESS PROFITS,
BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, OR ANY OTHER PECUNIARY LOSS)
ARISING OUT OF THE USE OF OR INABILITY TO USE THE SOFTWARE PRODUCT OR THE FAILURE
TO PROVIDE SUPPORT, EVEN IF ENSOFT HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. IN ANY CASE, ENSOFT’S ENTIRE LIABILITY UNDER ANY PROVISION OF THIS LICENSE
AGREEMENT SHALL BE LIMITED TO THE GREATER OF THE AMOUNT ACTUALLY PAID BY YOU
FOR THE PRODUCT OR U.S.$1.00.
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