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CHAPTER 1. GETTING STARTED 1

1. Getting Started

EXAMINE® is a general purpose program for the modeling and visualization of three dimensional
geometry and data. Most of its functionalities are geared towards the generation of input data for, and the
visualization of analysis results from, a companion program COMPUTE®®" (a three dimensional
boundary element stress analysis program), which is supplied with EXAMINE®. On the other hand, its use
extends far beyond the boundary element program. It has been used successfully to visualize three
dimensional finite element data and microseismic monitoring data for mines. The program is generally
applicableto any three dimensional data, aslong as the data iswritten in the appropriate format. The format
of EXAMINE® files is described later in this manual.

New users of EXAMINE® are encouraged to complete all the tutorial exercises in Chapters 6 thru 15 (after
going through Chapter 1); those already familiar with EXAMINE® should till read Chapter 1 and any
other required section of the Manual.

1.1 System Requirements

*  Win32 windows version for Pentium PC’s running Microsoft Windows 95/NT. Minimum 16MB of
memory (32MB recommended) is required.

» XDOS version for Pentium PC’s running DOS/Win 3.1. Minimum 16MB (32MB recommended) of
memory, a mouse and color VGA display are required. VESA Super VGA and 8514A compatible
graphics adapters are also supported.

» Silicon Graphics version for machines running IRIX (UNIX) 5.3 or later.

1.2 Installation

To install EXAMINE®™, insert the CD/diskette into the appropriate drive and run

set up. exe

The installation program is friendly and easy to follow. When it is completed, the following files and
subdirectories will be contained in your installation directory:

C3.EXE COMPUTEPBEM 3 inear elastic isotropic homogeneous boundary element
program for calculating stresses around underground excavations.
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E3.EXE EXAMINE?®, a data visualization and modeling program for underground excavations
in rock.

E3.CFG The EXAMINE®® Configuration File. Settingsin this file may be modified using an
ASCII (DOS text) editor.

EXAMPLES A directory containing a variety of example and tutorial files.

UTILITIES A directory containing the source code, executables and documentation for a variety of

utilities. Of primary interest is the dxf to geo converter "DXFGEQO" which will convert
Autocadl] 3D .DXF filesto aform that EXAMINE®® can read.

TEXTURES A directory containing background textures for rendered images. The user may place
their own GIF filein this directory for use as a background image.

Also contained within this directory are various support files and directories. The user should not remove

thesefiles or directories as they are important for the proper execution of EXAMINE®P. The user should not
try to execute any of these files, as the result might be quite unpredictable.

1.3 Starting EXAMINE®P

Sdlect the EXAMINE®® icon in the Start — Rocsci ence — Examine3D menu.

1.4 EXAMINE?® Screens

The first screen presented by EXAMINE® is the welcome screen, shown in Figure 1.1. Three menu items,
Modeler, Interpret and Exit are available from this screen. The Modeler prepares or reviews a model;
Interpret leads to the group of functions for the examination of analysis results; and Exit activates the
closing down dialogue for exiting from EXAMINE®".

1.4.1 The Modeler Screen

The screen shown in Figure 1.2 is presented when Modeler is selected from the welcome screen. The
modeler screen consists of

1. four view windows, each giving a different view of the modd;
2. amenu bar at the base of the two bottom windows; and

3. aninformation bar at the bottom of the screen.
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Figure 1.2: EXAMINE®® MODELER screen
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1.4.1.1 The Information Bar
The information bar is divided into four boxes:

1. A short box at the extreme left, containing the word MODEL, which identifies the current screen as the
modeler screen.

2. Two short boxes at the extreme right containing EL: 0 and ND: 0. The element counter EL counts the
number of boundary elements in the modd; the node counter ND counts the number of boundary
element nodes in the model. Both counters are updated as elements and/or nodes are created. They are
both set to zero in Fig. 1.2 because no e ements or nodes had been created when the screen was printed.

3. Thelong rectangular box in the middle of the information bar is the dialogue box. Messages directed at
the user are printed in the dialogue box; user’s responses entered from the keyboard are echoed in the
box.

1.4.1.2 The Menu Bar

EXAMINE® is a menu-driven program; in general, all the functions required to execute a given task are
available through the menu bar. The modeler screen menu bar presents the Main menu items through which
any of the Modeler group of functions can be activated. A Pop-up menu is obtained by clicking on a main
menu item. To select a pop-up menu item, first click and hold the left mouse button with the mouse pointer
on the main menu item; drag the mouse pointer to the pop-up menu item; then release the mouse button. For
example, to select the autoscale function from the View menu, click and hold the left mouse button, with
the mouse pointer on View; drag the mouse pointer to autoscale on the pop-up menu; then release the
button. In this manual, the process just described is indicated by the directive Vseleetautoscale’.

Some pop-up menu items openaup-menus when they are selected. For example, the SELECT OPTIONS
sub-menu is opened by selectifigolbox + setup options. All the main menu, pop-up menu, and sub-menu
items are described in detail in this manual.

1.4.1.3 View Windows

Four views of a rectangular box are shown in Fig 1.3, to help describe the four view windows. The upper left
window gives &op (looking down) view of the model. Only a projection of the model onto an E-N plane (E
for East, N for North) is visible through this window. The upper right window is feespective view
window. It gives a three-dimensional view of the model. The lower left window is the front (looking north)
view window, which shows a projection of the model on an E-U (U for Up) plane. The lower right window
is theright (looking west) view window. It shows a projection of the model on an N-U plane.

The coordinate axes directions are identified with arrows at the lower left corner of each window. Also, the
view offered through each window is identified at its upper left corner. The seven small boxes at the upper
right corner of each window enable the window to be resized or moved, relative to the model. CllJ:king on
causes the window to be resized and relocated to just fit and center the motfel bilitten is similar to the
autoscale function, except that the former acts on one window, whereas the latter acts on the entire display.
The zoom out buttohDJ enlarges the window relative to the model, thereby bringing more of the model into
view. The zoom in buttol¥! focuses the window on decreasing portions of the model, thereby showing more
details. Each of the arrow buttons moves the window, relative to the model, in a direction opposite to the
arrow (which has the appearance of moving the model in the direction of the arrow).

! Coordinate System is discussed in a subsequent section.
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Figure 1.3: EXAMINE®" MODELER screen, showing different views of a rectangular box

The greenish bar at the top of each window is used to toggle between the multi-view display (in which all
four windows are visible) and the maximized single window display (in which only one window is visible,
and enlarged tofill the screen).

Each of the three orthogonal views (right, front and top views) represents a plane; the location of a point
relative to the coordinate axis normal to a plane cannot be changed by moving on the plane. For example,
the U-coordinate of a point cannot be changed through the top view (E-N coordinate) window; similarly,
only the E-U coordinates can be changed through the front view window; and only the N-U coordinates can
be changed through the right view window.

1.4.2 The Stress Interpreter Screen

The Stress Interpreter DATA SELECTION screen is shown in Figure 1.4. This screen is obtained by
selecting Interpret from the WELCOME screen (Figure 1.1), and then Stress (from the DATASETS
screen) and loading the EXAMINE®® file containing the data to be interpreted. The screen is the same as the
MODELER screen (Figure 1.3), except for the following differences:

1. Theinformation bar (at the bottom of the screen) does not show the EL and ND counters.

2. Themenu bar shows the available results variables which can be viewed, and five other menu items.
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The next screen (the Interpret DATA INTERPRETATION screen) is obtained by clicking on one of the
results variables (in the menu bar). The screen obtained by clicking on Sigma 1 is shown in Figure 1.5.
Notice that the left end of the information box now shows the name of the current results variable (in this
case Sigma 1). The name displayed in this box may be modified by the user through the Interpret function
Toolbox + setup options, described in Section 3.7. An information column is now aso given, at the right
end of the screen. The top part of the column summarizes the elastic properties, field stress, strength
parameters, and model parameters. This is followed by the Isosurface Legend and then by the Contour
Legend.

All other properties of the screen are the same as was described for the modeler screen.

1.5 Coordinate System

EXAMINE®® can use either the Cartesian or Compass coordinate systems. The Compass system is the
default. It defines a point in space with respect to its distance in the North (N), Up (U), and East (E)
directions, relative to an origin. Hence, based on this system, the location of a point is defined in terms of its
N-U-E coordinates. The Cartesian system is equivalent to the N-U-E system, except that the names X, Y,
and Z replace N, U, and E, respectively. The N-U-E system is used in this manual; the names X, Y, and Z
could be substituted for N, U, and E, respectively, without requiring any other change.

Data files written in orthogonal coordinate systems different from the EXAMINE®® system (N-U-E or X-Y-
Z) must be trandated as they are read into EXAMINE®. The program provides a painless procedure for
doing this, using the coor d transfor m function, available through the File menu.

1.5.1 Entering Coordinates

The coordinates of a point, when required, can be given either by (1) typing in the N-U-E values, or (2) by
clicking the mouse button when the mouse pointer is at the required point. When entering coordinates with
the mouse, recall that only two coordinates can be modified through any one of the orthogonal view
windows; all three coordinates can be modified through any two of the three windows. It is likely that most
users will prefer entering coordinates with the mouse. Therefore, EXAMINE® provides three functions for
constraining the category of points selectable with the mouse. The three functions are grid snap, vertex snap
and orthogonal snap. They are available only when they are needed, during which time the current status of
each (on or off) is shown in the dial ogue box.

1.5.1.1 Grid Snap

The grid snap function, when it is available, can be toggled on or off by pressing L] . The current status of
the function is shown in the dialogue box as [s=on| or [s=off|  When it is on, grid snap returns (as its
value) the coordinates of the grid intersection closest to the mouse pointer when the mouse is clicked.
Therefore, only grid intersections can be picked with the mouse when grid snap is on. The grid density
(defined using the Grid Spacing function) can be used to change the number of points that are selectable
with the mouse under grid snap.
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1.5.1.2 Vertex Snap

When the vertex snap function is available, its status is shown as|7=en| or [vn=of£ | in the dialogue box. It
can then be toggled on or off by pressing [V] . Vertex snap, when it is on, returns (as its value) the
coordinates of the vertex or node closest to the mouse pointer when the mouse is clicked.

1.5.1.3 Orthogonal Snap

The status of the orthogonal snap function is shown as [ 2=on | or [o=of£ [ in the dialogue box, when the
function is available. It can betoggled on or off by pressing 2] . When it ison, lines drawn on the screen are
restricted to horizontal and vertical: clicking the left mouse button causes a horizontal line to be drawn from
the most recently marked point to the current vertical coordinate of the mouse pointer; clicking the right
mouse button causes a vertical line to be drawn from the most recently marked point to the current
horizontal coordinate of the mouse pointer. Recall that the view window in which the mouse pointer is
located determines which coordinate axes are horizontal and vertical.

1.6 Hot Keys

There are six ‘hot’ keys in EXAMINE:

1. the Ctrl-X key causes immediate exit from EXAMIREnothing is saved and no warning or query is
issued,;

2. the Ctrl-l key invokes the image capture option, which enables the user to store the contents of the
current screen as a GIF, PCX, BMP, PPM, or TGA image file;

3. the Ctrl-P key invokes the print screen function, which enables the user to print the contents of the
current screen;

4. the ESC key terminates the current option, returning control to the next higher option from which the

current one was selected; it may be necessary to press ESC a few times in order to exit from a menu

item, depending on the number of levels of options and sub-options from which exit is being requested,;

the F3 keyboard function key enables the user to view the amount of available memory left.

the F6 keyboard function key enables the user to toggle cursor tracking (see 2.2.1.3) on or off;

7. the F7 keyboard function key toggles grid lines on or off.

o o

1.7 Capturing Image Files From EXAMINE®"

The user may capture the screen to an image file for import into word processor documents, paint programs,
or image editing tools. The formats supported are:

Paintbrush PCX
Compuserve GIF
Targa TGA
Windows BMP
Pbmplus PPM
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Once the image you want to capture is on the screen, press Ctrl-1 (the control and i keys simultaneoudly) or
select File + export image. Choose the image file type and name in the popup menu. A dialog will then
appear that will request certain information about the format of the image you wish to capture. After you
have selected the format the program will capture the screen to the imagefile. The file can then be imported
into your favorite word processor or image editor. This method for creating output is the preferred method as
it will generate the best quality images.

EXAMINE?®® uses portions of the PBMPLUS image manipulation package Copyright [ 1989 by Jef
Poskanzer.

The Graphics Interchange Format [ is the Copyright property of CompuServe Incorporated. GIF(sm) isa
Service Mark property of CompuServe Incorporated.

1.8 Typographical Convention

The following convention is used in this manual:
The <enter> button is represented by the symbol <+,

Explanations and Instructions:

Explanations and/or instructions are given in 10 point times roman font, asin this sentence.

Dialogue Boxes:

The program’s requests are framed and written in 8 point courier font, asin:

|Enter nunber of elements for highlighted segments [1]: |

Names of variables, for which the program substitutes actual values at run time, are given in 8 point italic
courier font, enclosed in square brackets, asin:

|[Enter length of extrusion [default]: |

The user’'s responses are framed and written in courier font (uppercase or lowercase), and often preceded by
the word “Press” or “Enter”, as in

Presds| Uppercase letters are used here for the purpose of emphasis only. EXRMiNES not
distinguish between lowercase and uppercase letters wbegptimg responses from the
keyboard. For example, pressing either s or S will produce the same effect.

Sometimes, for ‘yes’ or ‘no’ responses, the frame is omitted, ie.,

Enter Y= is equivalent to Entéi] <=

Note that the enter symk<+ is explicitly included wherever the <enter> (or <return>) button is required,
as shown above.

The names of variables, for which actual values have to be substituted by the user, are given in italic
enclosed in square brackets, as in:
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Enter [coordinates] <+

or sometimes (in the tutorial chapters) the values are given explicitly, asin

[0 0 —15| <

Menu Items

Menu items are written in bold times roman font, ofteecpded by the word “Select” in normal type, as in:
SelectM odeler

The word “Select”, in this use, meakkve the mouse pointer to the menu item and click the left mouse
button. When two menu items are joined with the addition symbolthen the second menu item should be
selected from th&op-up menu obtained by selecting tihain (first) menu item. The left mouse button
should be held down when the mouse pointer is being moved from the main menu item to the pop-up menu
item. For example,

SelectView + autoscale

meandVove the mouse pointer to View, click and hold the left mouse button, then drag the mouse pointer
to autoscale and release the button.
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2. The Modeler

The EXAMINE®® modeler is activated by selecting Modeler from the welcome screen (Figure 1.1). It opens
access to a group of functions for generating three dimensional geometry and boundary element discretization
for underground structures. The model generated can be visualized from all conceivable angles, either in wire
frame or shaded mode. Furthermore, the boundary element discretization data can be written directly to afile
for the boundary el ement stress analysis program COMPUTE?P8EM,

All the functions required for any of these tasks are accessed though the M odeler menu bar (Fig 1.2). Each of
the menu items will now be described.

2.1 Modeler Menu Iltem: File

print
The File menu item opens access to a group of six file management functions;

exportimage the pop-up menu isillustrated at left.

coord transform

append to model

save file

open file

) Build Build . Object ) Analysis Field
‘ Toolbox Polyline Object Pick Xform Tools View Shade Param Points Return
|

2.1.1 File + open file

This function reads EXAMINE® files, stored under the name filename.EX3, where filename is user-assigned
and the extension .EX3 is automatically appended by the program.

Such files contain the input data for COMPUTE®> ¥ which consists of the boundary element data, material
parameters, and the field points at which analysis results are required.
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Thefollowing dialog is displayed when File + open file is selected:

Open H
Lok jr: Ia Examples j gl E EE

Examplel.ex3 Exampled.ex3
example?.ex3 Exampled.ex3
exampled. exd
exampled. exd
exampled.ex3
exampled. e

File namne: I Open I
Files of bype: IE:-camine-SD Analysis File Format (< ex3) ﬂ Carcel |

Use the dialog to navigate to the folder containing the EXAMINE® data file. Then select it or typein the
name. The following messageis displayed thereafter:

|Reading the [filenane] data file, Please Vit . . . |

When the data is fully read in, the dialogue box clears to indicate that EXAMINE® is ready for further
instructions.

2.1.2 File + save file

Thefollowing dialog is displayed when File + save file is selected:

Save As H
Save in Ia Examples j gl E =

Examplel.ex3 Exampled.ex3
example?.ex3 Exampled.ex3
exampled. exd
exampled. exd
exampled.ex3
exampled. e

File namne: I Save I
Save as tupe: IE:-camine-SD Analysis File Format [*.ex3) ﬂ Carcel |

(Eamine-3l Analpsis File Format [+ e

As shown in the figure you may store afilein one of threefile formats. If you select the EXAMINE® file
format, afile capable of being analyzed by the boundary e ement method iswritten. If you select a portable
geometry file, an ascii file containing just the geometry iswritten. The purpose of thisfileisto allow the
transfer of geometry from/to other programs. The format of thefile is described in Section 5.6. Y ou may also
write an EXAMINE?® file. EXAMINE? is a two-dimensional boundary el ement package.

Use the dialog to navigate to the folder to store the datafile. Then select it or type in the name.



CHAPTER 2. THE MODELER 13

2.1.3 File + append to model

The append to model function reads data from a.EX3 or .GEO file and appendsit to the current data base.

Complex structures are often built up in parts, each of which is stored in a separate .EX3 or .GEO file. The
append to model function isused to put such parts together.

Thefollowing dialog is displayed when File + append to model is selected:

Open H
Lok jr: I {4 Examples j gl E
example10.gea Tutl? gea
example?.geo
Tutd3.0e0
Tutl4.ge0
Tutd5.geo
TutlE.geo
File namne: I Open I

i Cancel |

When the data is fully read, it is properly merged with the existing data, and the result is displayed. Material
parameter assignments in the current database supersede those in the appended file; secondly, any common
nodes and elements are filtered out.

2.1.4 File + coord transform

The function coord transform is used to specify the orthogonal coordinate system for an external file.
EXAMINE®® sets up a coordinate transformation for the specified system, so that data written to, or read from,
the external file will be properly interpreted. The coord transform function must be executed before reading
from, or writing to, the external file.

To execute this function, select File + coord transform:

The COORDINATE TRANSFORM sub-menu, shown in
the sketch on the left, is displayed. It is assumed that the
coordinates of a point are given in the external file in

| Coordinate I | terms of three values: Coordinate 1, Coordinate 2, and

Coordinate 3. Each coordinate is associated with one of

| Caordinate 2 ‘ threr_e_orthog_onal _di_rections. The c_oordi_nate_ system is
specified by identifying the appropriate directions in the

| Coordinate 3 ‘ sub-menu.

| Save ‘ ‘ Abort ‘ |DeFE|ult|

CODROIMATE TRANSFORM
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Click repeatedly on Coordinate 1, until the name displayed in the rectangular box on its right correctly
describes the direction of Coordinate 1 in the external file.

Do the same for Coor dinate 2, to set its direction.
Set the direction of Coor dinate 3 the same way.
Then click on Save to effect the settings and exit from the coord transform function.

While in the sub-menu, clicking on Abort aborts the function; and clicking on Default resets the coordinates
to North-Up-East.

2.1.5 File + export image
Use this function to capture the current EXAMINE®® window to an imagefile. The following dialog is
displayed when File + export image is selected:

Save As HE
Save in: Ia Examples j gl E =

Save az type: ITarga TGA [*.tga) ﬂ Cancel |

Use the dialog to navigate to the folder to store theimagefile. Then select it or type in the name.
EXAMINE®® supports the following image file formats:

Paintbrush PCX
Compuserve GIF
TargaTGA
Windows BMP
Pbmplus PPM

Select Save and the following dialog is displayed:

Examine-3D E

¥ Capture Menus to lmage File
W wihite Background instead of Black
I~ Aler Contour Calars for Maonochrome Prinker

™ Landscape Mode for Postscript Images

R Cancel
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If you choose to capture the menus to the image file, then all frames, menus and buttons are captured to the
image file. Otherwise, just the contents of the view windows are placed in the image file. Reversing black and
white ensures that the background is white instead of black. For eventual hardcopy output on paper thisis
most likely what you want. Capturing the image for a black and white printer causes the program to alter some
colors so that the image when printed on a black and white printer looks the best.

Make your selections and press OK. The program then proceeds in creating the imagefile.

2.1.6 File + print

This function is used to send the complete contents of the EXAMINE®® window to a printer. The printer must
be first defined as a system resource by the operating system. In Windows 95/NT this is done through the
Printers option in the Control Panel. When you select this option the standard Windows dial og appears asking
you to select a printer. After you select the printer and press OK, the program will proceed in making a
hardcopy of the current EXAMINE® window.
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2.2 Modeler Menu Item: Toolbox

volume & area

geometry slicer

setup options

store status The Toolbox menu item opens access to a group of six miscellaneous functions,

retrieve status as shown in the pop-up menu at |eft.

object check

File
|

Build Build Pick xform Object View Shade Analysis Field

Polyline Object Tools Param Points Return

2.2.1 Toolbox + volume & area

Thisfunction is used to calcul ate the volume and surface area of the current three-dimensional moddl. For
mode s which are not closed, the volume calculated isinvalid but the surface areais still correct.

Select Toolbox + volume& ar ea, and the following message will be displayed:

[Volume = [num n8, Surface Area = [nun} n2

2.2.2 Toolbox + geometry slicer

This option is used to generate the intersection polyline between the current three-dimensional model and a
user supplied cutting plane. The polyline may then be exported through the stor e geo option. Users may then
use the DXFGEO utility to convert the GEO fileto a DXF file for usein Autocad (see Chapter 5).

EXAMINE® provides six methods for defining cutting planes; when Toolbox + geometry dlicer is selected,
the user is prompted to select one of the methods, as follows:

[Enter Input Method (1=plane, 2=3pt pl ane, 3=Nor t h, 4=Up, 5=East, 6=FP pl ane) [default]: |

2.2.2.1 Input Option 1: Plane

This option allows the user to define the cutting plane by giving the coordinates of two diagonally opposite
corners. To select this option, enter [ 1] <= in response to the above message. The following is displayed,
along with the % | puttons:

[Input plane point #1 [N U E snaps]: |
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Either: type the coordinates of the first corner, followed by <+,
Or: click on any point to place the first corner there.

The selected point is marked with a red star; its location can be modified, either by entering alternative
coordinates through the keyboard, or by clicking with the mouse. If using the mouse, notice that the coordinate
snap functions are available; as was explained in Section 1.5.1, they constrain the category of points selectable
with the mouse. Furthermore, recall that only two coordinates can be modified through any one (and all three
coordinates through any two) of the orthogonal view windows.

When the selected point is satisfactory, click on (o] 1o accept it. The dialogue box updates to request the
second corner, as follows:

[Input plane point #2 [N, U E snaps]: |

Enter the coordinates of the second corner, either from the keyboard, or with the mouse. The rectangle formed
by the two points (corners) is displayed; it may be adjusted by modifying the coordinates of the second point,
following the procedure described for thefirst point.

When the rectangle is satisfactory, click on [solto accept it. The program will then create the polyline
defining the intersection of the plane with the three-dimensional geometry.

2.2.2.2 Input Option 2: Plane (3pt)

This option allows the user to define the plane by giving the coordinates of any three different points. Enter
L2 |<=  and the followi ng message will appear, along with thel 0 | buttons:

[Input plane point #1 [N U E vn=off, s=off, o=off]: |

Either: type the coordinates of the first corner, followed by <+,
Or: click on any point to place the first corner there.

The location of the point can be adjusted, either by entering alternative coordinates from the keyboard, or by
clicking with the mouse (taking advantage of the snap functions and multi-view windows, as was explained
above). When the selected point is satisfactory, click on LG to accept it. The dialogue box updates to request
the second point, as follows:

[Input plane point #2 [N U E vn=off, s=off, o=off]: |

Enter the coordinates of the second point, either from the keyboard, or with the mouse. A yellow line is
displayed, joining the second point to the first one. The location of the second point can be adjusted, using the
same procedure described above for the first one. When the point is satisfactory, click on LG to accept it. The
dialogue box updates to request the third point, as follows:

[Input plane point #3 [N U E vn=off, s=off, o=off]: |

Enter the coordinates of the third point. The rectangle defined by the three points is displayed. Its size and

orientation can be adjusted by relocating the third point. When the rectangle is satisfactory, click on [Golto
accept it. The program will then create the polyline defining the intersection of the plane with the
three-dimensional geometry.



18 CHAPTER 2. THE MODELER

2.2.2.3 Input Option 3: North

This option provides for the plane to be entered as a vertical plane oriented perpendicular to the North axis.
Enter |_3_|<=: the following message appears:

|Enter Northing: |

Enter the location of the plane in the northing direction. The program will then create the polyline defining
the intersection of the plane with the three-dimensional geometry.
2.2.2.4 Input Option 4: Up

This option provides for the plane to be entered as a horizontal plane oriented perpendicular to the Up axis.
Enter |_4 | <=: the following message appears:

|Enter Elevation: |

Enter the elevation of the plane in the up direction. The program will then create the polyline defining the
intersection of the plane with the three-dimensional geometry.
2.2.2.5 Input Option 5: East

This option provides for the plane to be entered as a vertical plane oriented perpendicular to the East axis.
Enter |_>_| <=: the following message appears:

|Enter Easting: |

Enter the location of the plane in the east direction. The program will then create the polyline defining the
intersection of the plane with the three-dimensional geometry.

2.2.2.6 Input Option 6: Currently defined Field Point Plane
This option provides for the plane to be entered using an already existing field point plane (Section 2.11.1).

Enter 6| <=1, the following message will appear if more than one field point plane exists, otherwise the one
and only field point plane is automatically selected:

|Sel ect cutting plane [Esc=abort]: |

If prompted, select a field point plane. The program will then create the polyline defining the intersection of
the plane with the three-dimensional geometry.
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2.2.3 Toolbox + setup options

The setup options function opens the SETUP OPTIONS
sub-menu, shown in the sketch on the left. The default
setting for each of the functions is shown. Any changes
made in the sub-menu are effected by selecting Save,
which also causes an exit. Selecting Abort causes exit
without effecting any changes. The default setting is
restored by clicking on Default.

SETUP OPTIOMNS

| Folyline Markers |

| Cursor Tracking |
|Euurdinata Eystam|

Grids

LGrid Spacing

| Save | | Abort | | Default

2.2.3.1 Polyline Markers

Polyline markers are the blue stars, and greenish yellow disc and circle, which mark the polyline vertices.
Click on Polyline Marker sto toggle them on or off.

2.2.3.2 Cursor Tracking
This function continuoudly displays two coordinates of the mouse pointer location, as the pointer moves in any

of the orthogonal view windows. The coordinates are displayed in the greenish bar at the top of the particular
window. Click on Cursor Tracking to toggle the function on or off.

The F6 keyboard function key can also be used at any time to toggle cursor tracking on or off.

2.2.3.3 Coordinate System

Toggle the coordinate system between compass and Cartesian, by clicking on Coor dinate System.

2.2.3.4 Grids
Grid lines aretoggled on or off by clicking on Grids.

The F7 keyboard function key can also be used at any time to toggle grid lines on or off.

2.2.3.5 Grid Spacing

To set the grid spacing, click on Grid Spacing, and type the required value, followed by <=
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2.2.4 Toolbox + store status

This function is used to store the eye position relative to a model, so that the model can be examined from the
same viewpoint when so-desired. Along with the current view, setup options (see above) are also stored.

Start by selecting Toolbox + stor e status, which causes the following message to be displayed:

|Storing STATUS file, enter fil enane:

Enter [£1 Lename] <= t0 cause the viewpoint status to be stored in a file named filename.STA.

2.2.5 Toolbox + retrieve status

This function is used to read data from a .STA file. Such a file stores the eye+target information required to
examine a model from a specific viewpoint. See also View + eyettar get

Start by selecting Toolbox + retrieve status, which gives the following message:

|Retrieving STATUS file, enter fil ename:

Either: enter [£iZename| 4= to specify filename.STA as the input file, where filename includes full
DOS path
Or: click the left mouse button to obtain a list of the .STA files in the working directory. Then

click on the required filename to select it.

After the file isread, the existing model (or any one read in subsequently) is rotated to present the viewpoint
specified in the .STA file. The viewpoint remains the same until it is changed using any of the View options
(Section 2.8) or Shade + animate, or until the current EXAMINE® session is terminated.

2.2.6 Toolbox + object check

The object check function is used to check boundary element discretizations, to ensure that basic rules have
not been violated. It is advisable to run object check on a mesh before submitting it to COMPUTE® &M for
stress analysis.

To start, select Toolbox + object check. The function presents a series of options, prompting the user each
time for permission to proceed:

|Check obj ect, element, and node nunbering (y):

This option checks the numbering of nodes, e ements and objects. It should be done, unlessit has in a previous
run (and object check is being run again to check something el se).

Press <! to accept it, or N< to rgject.

|Check for zero area elenments (y):
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Zero area elements may occur in the unusual case of two nodes being assigned the same (or very nearly the
same) coordinates. The option should be run, unlessit has been run previoudly.

Press <! to accept, or N<! to reject.

|C‘neck triangul ar el enent base/ height ratios (y):

This option checks the aspect ratio of dements. It should be run, unlessit has been run previously, or the mesh
is so simple that the shape of all elements can be examined visually. Values of base/height ratio between 0.1
and 10 are considered acceptable. Values outside this range may give bad analysis results.

Press <! to accept, or N<! to reject. If it isrun, the result is displayed as follows:

|Maxi mumratio = [rnax]; element [Nel] - Press Enter to Continue

and the element number [Nel], at which the maximum ratio [rmax] is obtained, is highlighted red.

Press <= to continue,

|C‘neck for invalid overlapping elenents (y):

If two objects (see Section 2.5.4) generated separately are subsequently joined (face-to-face), it is possible that
elements on the adjoining faces overlap with the nodes of some elements lying on the face of others. Such
element overlap would cause numerical difficulties. This option of object check looks for such situations.

Press <! to accept it. If any such overlap is detected, the following message is displayed:

|[Nun} Invalid Overl apping El enents Found/ Picked -- Press Enter

The offending elements are highlighted and the view windows are autoscaled to the elements. To correct the
problem, delete all elements on the adjoining faces; the two objects may then be joined using the open edge
polyline (Section 2.3.6) and face (Section 2.4.3) functions.

To proceed with object check, press<#=; the function then proceeds with the intersection check as follows (it
also proceeds with the intersection check if no invalid overlapping e ements are detected):

|C‘neck for invalid intersecting elenents (y):

If two objects (see Section 2.5.4) generated separately intersect, such element intersection would cause
numerical difficulties. This option of object check looks for such situations.

Press <! to accept it. If any such intersection is detected, the following message is displayed:

| Invalid Intersecting Elements - Press Enter to Continue...

The offending elements are automatically picked. Consider aborting the object check and using the View
(Section 2.8) functions to identify the problem. To correct the problem you must redefine your geometry in
such away asto remove the intersecting elements.

If you wish to proceed with object check, press <=; the function proceeds with the leaky check as follows (it
also proceeds with the leaky check if no invalid intersecting el ements are detected):

| Check for leaky objects (y):
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In a properly constituted boundary element mesh, each of the structures modeled is entirely “wrapped” with
boundary elements (except for free surfaces). A structure is considered NOT LEAKY if it is so wrapped;

otherwise, it is LEAKY, in which case all the holes must be “sealed” with boundary elements before the mesh
is submitted to COMPUTE®&M,

This option should be run, unless it has been done previously.

Press<—! to accept or <= to reject. If it is run, the following message will be displayed at the end:

|Geometry is NOT LEAKY |

if that is the finding; otherwise, the display would be:

|Geometry is LEAKY and invalid for analysis - Press Enter |

The first message indicates an acceptable mesh. For the second case, the boundaries of the holes detected are
highlighted red; if the highlighted boundaries surround a free surface, then the LEAKY message should be
ignored; otherwise, the mesh should be modified.

It is not usually necessary to rabject check on a free surface mesh. If it is done, the normals on the free
surface should be re-checked visually (Seade + shade options) to ensure that they point into the rock.

The second messad’p Geometry is LEAKY and invalid for analysis - Press Enter | is also given if
superimposed faces are detected, superimposed Mesh generation for a face, using the face function, may
inadvertently be performed more than once, in which case the face elements would be superimposed on each
other. When this is detected by the leaky check, the above message is displayed, and the boundaries of the face
are highlighted red.

Respond witr<=; then the following is displayed:

|C‘neck for and delete overlying faces near red line -- Press Enter |

Press<=—: then usePick + component andObject Tools + delete picked to select and delete all but one of
the superimposed faces. Thereafter, repeat the leaky check.

If the geometry is NOT LEAKY, theobject check function terminates; otherwise, it proceeds with the
clockwise elements check, as follows:

[Check all objects for clockw se el enents (y): |

Boundary element nodes should be numbered counter-clockwise, for their normals to point away from the
opening (for example) being modeled. This option conducts that check; it should be run, unless it has been
done previously.

Press<—! to accept, or <! to reject. Its progress is reported in the dialogue box (when it is run).
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2.3 Modeler Menu Item: Build Polyline

open edge polyline
The Build Polyline menu item opens access to a group of six polyline
nodeline-> polyline construction and editing functions.
polyline-> nodeline A polyline consists of a group of one or more progressively connected (i.e., end-
to-end) line segments arbitrarily oriented in space. Polylines are the basic units
continue polyline used to define three dimensional shapes in EXAMINE®. For example, the
edit polyline cross-section of an underground opening would initially be represented as a
polyline.
new polyline

Build Pick xform Object View Shade Analysis Field
Polyline

File Toolbox Object Tools Param Points

Return

Each polyline consists of line segments connected at vertices. The number of segments depends on the amount
of detail admitted in the shape being represented. For example, three or more segments can be used to
represent a circle; the larger the number of segments, the closer the shape of the polyline approaches that of a
circle, and the larger the amount of information required to define the polyline.

2.3.1 Build Polyline + new polyline

The new polyline function is used to construct polylines, starting from scratch. The following message is
displayed when Build Polyline + new polyline is selected:

|Se|ect Point [N, U E wvn=off, s=off, o=off, c,u,i,e, [NA ]:

At the same time, a button labeled [S¢ appears at the lower right corner of each window. The user isrequired
to define the polyline vertices (pointsin space) by supplying their N-U-E coordinates.

To specify the coordinates of a point:
Either: type the N-U-E val ues, separated with comma (,) or space, and press <=
Or: click on a desired point through any of the windows, to extract its coordinates.

When a point is entered, the counter [NP] (last parameter in the dialogue box message) updates to indicate the
total number of points entered so far. It is also updated each time a vertex is erased.

The vertex snap, grid snap and orthogonal snap functions (see Section 1.5.1) are available; hence their status

snap, respectively, on or off.

The other parameters (c, u, i , e), activate different options of the function, as described below:
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2.3.1.1 Exit Options
Three exit options are provided for terminating the new polyline function:

Either: pr&s@ to close the polyline (i.e., connect the most recent vertex to thefirst vertex) and exit;
minimum of three vertices are required to form a closed polyline,

or: click on Sl to accept the polyline asis (closed or not) and exit;

Or: press ESC to abort the function; the polyline is discarded.

2.3.1.2 Deleting Vertices

Pressing [, the undo option, causes the most recent vertex to be erased. It can be pressed repeatedly, causing
the most recent among the existing vertices to be erased each time.

2.3.1.3 Editing Vertices

The location of the current vertex can be modified by invoking the edit mode of the new polyline function.

Only the current vertex can be edited using this approach; the edit polyline function is required to edit
previous vertices. To relocate the current vertex, press| 2l ; the following message is displayed:

|Edit Current Point [N U E vn=off, s=off, o=off]:

The location of the vertex can then be adjusted by clicking on the required new location in any of the windows.
Recall that only two coordinates can be modified through any one (and al three coordinates through any two)
of the orthogonal view windows: The E and U coordinates can be adjusted through the front view window,
without changing the N coordinate; the N and U coordinates can be adjusted through the right view window,
without changing the E coordinate; and the E and N coordinates can be adjusted through the top view window,
without changing the U coordinate.

When the location of the point is satisfactory, click on [colin any window, to accept the point and exit from
the edit mode. The dialogue box revertsto

|Se|ect Point [N, U E wvn=off, s=off, o=off, c,u,i,e, [NA ]:

2.3.1.4 Making a Circular Polyline

Circular polylines are constructed using the [1] option of the new polyline function. The user is prompted to
give the radius and number of segments. To start, select Build Polyline + new polyline. The following is

displayed:

|Se|ect Point [N, U E wvn=off, s=off, o=off, c,u,i,e, [NA ]:

Press/T]

|[Enter circle radius [default]:

Enter [r]<+=, or press <! to accept the [default], where [r] isthe desired radius.

|Enter nunber of |ine segnents/circle [default]:
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Enter [n] <, or press <= to accept the [default], where [n] is the desired number of segments. The
acceptable minimum is 3 (which would give a triangular polyline). Usually, a minimum of 8 would be
required to obtain acircular polyline.

Theresulting circleis centered at (0,0,0) and oriented normal to the E-coordinate axis. It can berotated to the
desired orientation, and moved to the desired location, using the r otate and move functions, respectively,
available through the Xform menu.

2.3.1.5 Appearance of a Polyline

The default color of polylinesis blue. The vertices are marked with blue stars; the first vertex is marked with a
solid green circle, and the second with a hollow green circle, thus establishing the order of vertices. These
markers can be toggled off or on using Toolbox + setup options. When polylines appear crowded, turning the
markers off gives a cleaner picture.

2.3.2 Build Polyline + edit polyline

This function is used to relocate any or all of the vertices of a polyline, add new vertices, or delete existing
ones. It is invoked by selecting Build Polyline + edit polyline, which causes the following message to be
displayed:

|pi ck a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

2.3.2.1 Relocating a Vertex

To relocate a vertex, click on it in response to the above message. The selected vertex is highlighted with a
yellow circle, and the following message is displayed:

|New N, U, E Location (Enter=done):[N, U E: vn=off, s=off, o=off]:

Either: type the coordinates of the new location, followed by <+
Or: click on a point to select it as the new location.

The highlighted vertex is relocated as soon as a new point is entered, and the above message is redisplayed.
Modify the point as desired, using either of the above methods, the vertex moves to the new location each
time.

The vertex, grid and orthogonal snap functions (Section 1.5.1) are available, and can be toggled on and off by
pressing [V, [5], and [, respectively. If using the mouse, recall that the snap functions constrain the category
of selectable points; also recall that only two coordinates can be modified through any one (and all three

coordinates through any two) of the orthogonal view windows.

When the location of the highlighted vertex is satisfactory, press <+ to accept it. Its marker reverts to a blue
star, and the dialogue box message reverts to

|pi ck a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:
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2.3.2.2 Deleting a Vertex

In order to delete a vertex, press<in response to the above message. The following message will be
displayed:

|pick a polyline vertex to delete [d=del ete, a=add, f=1st pt, Enter=done]:

Delete any vertex by clicking on it. It is deleted immediately. Therefore, before clicking on a vertex be sure
that you do want to delete it; the delete processis irreversible by itself. On the other hand, new vertices can be
inserted (on existing segments) using the add option; furthermore, polylines can be extended (i.e., adding both
vertices and segments) using the continue polyline function.

After avertex is deleted, the dial ogue box message reverts to

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

thereby exiting from the delete option. Exit from the delete option without deleting a vertex, can be effected by
pressing <.
2.3.2.3 Adding a Vertex

To add a vertex (to an existing segment), press[2]in response to the above message. The following message is
displayed:

|pick a polyline edge to insert a vertex on [d=del ete, a=add, f=1st pt, Enter=done]: |

A polyline edge is the line segment joining any two vertices. Click on the edge at which a new vertex is
desired. A vertex isinserted at its midpoint, and the dial ogue box message reverts to:

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

The new vertex can be relocated as was described earlier. Exit from the add option without adding a vertex,
can be effected by pressing <.

2.3.2.4 Re-Assigning the First Vertex
Thefirst vertex isthe one marked with a solid green circle. It can be relocated, like any other vertex, using the

procedure described in Section 2.3.2.1. The status of “first point” can also be re-assigned to another vertex. To
do this, pres&tl in response to the above message. The following message is displayed:

[pick a first polyline vertex [d=del ete, a=add, f=1st pt, Enter=done]:

Click on the vertex that you wish to assign “first point” status. The solid green circle mark is re-assigned to

the selected vertex; the vertex next to it (following the existing order) gets the “second vertex” mark (hollow

green circle); the two vertices previously marked as first and second revert to blue stars; if the polyline was
previously unclosed, it is closed; and the dialogue box message reverts to:

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

thereby exiting from thést pt option. To exit from thést pt option without re-assigning the first point, press
e
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2.3.2.5 Terminating the edit polyline Function

When the function isin the move vertex mode, i.e., when the message

|pi ck a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

is displayed, pressing <! or ESC causes the function to terminate; changes made during the editing session
are retained, irrespective of how the exit is effected.

2.3.3 Build Polyline + continue polyline

The continue polyline function is used to extend an existing polyline (by adding new line segments).

To start, select Build Palyline + continue polyline. The most recent polyline is highlighted, and the following
message is displayed:

|sel ect Point [N U E: snaps, c,u,i,e, [NA ]:

From this point, the continue polyline function works exactly like the new polyline function (Section 2.3.1).
Any new vertex added is connected to the most recent one; thec, u, i, and e options work as was described for
the new polyline function; the snap functions are available, and the total number of vertices in the palylineis
given as [NP] in the dial ogue box.

Press/ Sl to accept the polyline and exit from the function. Pressing ESC causes the entire polyline to be
deleted! So, do not exit with ESC unless you want to delete the polyline (see also Exit Options in Section
23.11)

2.3.4 Build Polyline + polyline->nodeline

The polyline->nodeline function is used to convert a polyline to a noddine. The polylineis|eft in place,
superimposed by the noddline, after the conversion.

Whereas a polyline defines the geometry of a section, a nodeline is required to define the boundary element
discretization. The number of segments on a given polyline depends on the complexity of the shape it
represents. On the other hand, the number of segments on the corresponding nodeline is influenced by other
factors (such as the expected stress gradient), in addition to the section geometry.

When a polyline is converted to a noddine, the number of segments on the nodeline is at least equal to the
number on the polyline.

To start, select Build Palyline + polyline->nodeline. The following message is displayed:

|Pick Polyline to Convert:

Click on the palyline to be converted. It is highlighted briefly to indicate that it has been picked; it reverts to
blue color; one of its segmentsis highlighted, and the following message is displayed:

|Enter nunber of elements for highlighted segnent [default]:
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Each segment of a nodeline represents one edge of a boundary element. The above message requests the user
to specify the number of boundary element edges to be formed from the highlighted polyline segment.

Press <= to accept the [default], if it is satisfactory; otherwise type the desired number followed by <= .

The same message will be displayed for each polyline segment. Respond accordingly. At the end, alight blue
nodelineis formed, superimposed on the darker blue polyline.

2.3.5 Build Polyline + nodeline->polyline

This function is used to convert a noddine to a polyline. The nodeline will be left in place, superimposed by
the polyline. The polyline will have the same number of vertices as the nodeline.

To start, select Build Polyline + nodeline->polyline.

|Pi ck FACELINE to Convert: |

Click on the nodeline. The polyline forms, and the dialogue box clears to indicate that EXAMINE® is ready
for the next command.

2.3.6 Build Polyline + open edge polyline

An open edge is a hole in a boundary element mesh. The open edge polyline function is used to place a
polyline at the edge of such a hole. The hole can then be filled using the face function (after converting the
polyline to a nodeline); or the mesh can be extended from the polyline, using either the skin function (if there
are other polylines) or the extrude function. The functions face, skin and extrude can be accessed via the
Build Object menu.

To start, select Build Polyline + open edge polyline; if there is a hole in the current mesh, the following
message will be displayed, after a short wait:

| [Mm Polylines WIl Be Created, Continue? (y):

where [Num] is the number of open edges detected in the mesh.
Press <= to proceed.

The open edge polyling(s) are formed. A polyline vertex is placed at each node on the open edge.
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2.4 Modeler Menu Item: Build Object

transition skin

blend

face -->

extrude

skin

File Toolbox PgIL;/illiie

29

The Build Object menu opens access to a group of five functions, for generating
the geometry and boundary element discretization of a structure. The pop-up

menu isillustrated at |€ft.

2.4.1 Build Object + skin

Pick

Xform

Object
Tools

View

Shade

Analysis
Param

Field
Points

Return

The skin function wraps a skin of boundary elements around two or more polylines. To be acceptable for skin,
the polylines must have the same number of vertices. Only consecutive polylines can be connected with skin.

To start, sdlect Build Object + skin; the [So] buttons appear, and the following message is displayed:

|Pi ck a skin polyline [ [ Munm} picked, Select Go when done]:

A polyline is picked by clicking on it, at which it becomes highlighted (yellow). Clicking on a highlighted
polyline causes it to be unpicked, at which its color reverts to blue. Once the first polyline is picked,
subsequent ones can be picked only if they have the same number of vertices as the first. All polylines picked
must be consecutive.

Pick as many as desired. The parameter [Num] is updated each time to indicate the number picked so far.

Thereafter,

Click on 52l to indicate that the required polylines have all been picked. The following message is displayed:

|Use default discretization (y):

2.4.1.1 Default Mesh Generation Using skin

To accept the default discretization scheme, press <. The following is displayed:

|Enter mesh density factor [default]:

The mesh density factor is used to control the mesh density in the default scheme. Its default value is 1.0.
Valueslarger than 1 give afiner mesh (more elements); the mesh is coarser for smaller values of mesh density

factor.

Press <= to accept the [default], or type the required value, followed by <=,
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Thereafter, temporary interpolation polylines are placed between the selected ones, illustrating the proposed
discretization. The following is displayed:

[Continue with El ement Generation? (y):

Either: enter N<—; the interpolation polylines are removed, the original sdected polylines are
deselected, and the function Build Object + skin isterminated;

Or: press <! to accept the proposed discretization; the message | Czeating Elements... |jg

displayed to indicate that element generation is in progress, thereafter, the EL and ND
counters (lower |eft corner of screen) are updated, the elements generated are displayed, and
the dialogue box clears to indicate that EXAMINE® is ready.

The default discretization is likely to be satisfactory for most structures, especially with a skillful use of the
mesh density factor.

2.4.1.2 Non-Default Mesh Generation Using skin

If, after picking polylines and pressing (<2, you responded with N<= to the request

|Use default discretization (y):

the following would be displayed, with the first two polylines highlighted:

|Enter # of interp sections between red sections [default]

The user is being requested to specify the discretization by giving the number of interpolation sections between
the polylines highlighted red. The space between the red polylines will be divided into ( [num] + 1) equal
parts, where [num] is the number of interpolation sections specified. That is, [num] temporary interpolation
polylines will be placed between the highlighted two.

Type the required number, followed by <+, or just press <+ to accept the [default].

The same will be done for all the picked polylines, in sets of two. Thereafter, one set of corresponding
segments on all the polylinesis highlighted red, and the following is displayed:

|Enter di scretization for red segment [default]

The user is being requested to define the discretization around the polylines, segment by segment, by
specifying the number of boundary element edges to be placed on each polyline segment (as was explained for
polyline->nodeline in Section 2.3.4). The minimum is 1.

Type the desired number, followed by <+=: or just press <= to accept the [default].

When this is done for the last set of segments, the message | Czeating Elements... | g displayed to
indicate that element generation is proceeding. The elements are displayed at the end, the ND and EL counters
are updated, and the dialogue box clears to indicate that EXAMINE® is ready.
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2.4.2 Build Object + extrude

The extrude function is used to generate the geometry and boundary element mesh for a structure which has
uniform cross-section. The cross-section is first defined using a polyline, which would be extruded along a
path to generate the structure. If the longitudinal axis of the structure is a straight line, then no other polyline
is required, because the extrusion path can be specified by typing in the components of a vector. On the other
hand, the longitudinal axis of the structure need not be a straight line. In general, the extrusion path can be
specified asapolyline.

2.4.2.1 Procedure for Linear Extrusion

When the polyline to be extruded is ready, select Build Object + extrude; the following is displayed:

|Sel ect Curve to Extrude:

Click on the polyline

|Enter/pi ck extrusion dir (default)[N U E snaps ]:

The extrusion direction is defined in terms of a unit vector (specified by giving its N-U-E components). The
[default] is the outward normal from the plane of the polyline. For example, if the polyline lies in the N-U
plane, with vertices ordered counterclockwise, the default extrusion direction is (0,0,1).

Type the three components of the extrusion direction vector, separated with comma (,) or space, and followed
by <+

|Enter I ength of extrusion [default]

Type the length of the structure, followed by <+

|Use default discretization (y):

Either: press <= to accept the default discretization; the mesh is generated with no additional user
input;
Or: Enter N<=, for a user-specified discretization; in that case the following is displayed:

|Enter discretization for red segnment [default]:

A segment of the polyline is highlighted red, and the user is requested to specify the number of boundary
element edges to be placed on the segment (see Section 2.3.4 for more details).

Type the number, followed by <= or simply press <+ to accept the [default]. Do the same for the
remaining polyline segments, one by one. Then,

|Enter nunber of divisions along length [default]: |

The structure will be divided into [num] equal parts along its length, where [num] is the number supplied here,

Type the required number, followed by <=, or simply press <! to accept the [default]. The mesh will be
generated thereafter.
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2.4.2.2 Procedure for General Extrusion

Two polylines are required to define a general extrusion: The first defines the cross-section of the structure; it
isreferred to hereafter as the extrusion contour polyline. The second defines the path of extrusion; it is referred
to hereafter as the extrusion path polyline.

For best results, the first vertex of both the extrusion contour and extrusion path polylines should coincide;
also, the first vertex and the pivot points of both polylines should coincide. Under this arrangement, the
extrusion path polyline represents a trace along the wall surface of the structure, paralld toits axis.

When the two polylines are ready, select Build Object + extrude; the following is displayed:

|Sel ect Curve to Extrude:

Click on the extrusion contour polyline

|Enter/pi ck extrusion dir (default)[N U E snaps ]:

Click on the extrusion path polyline

|Use default discretization (y):

To usethe default discretization:

Press <+

|[Fix first extrusion contour (y):

If the first extrusion contour is fixed (the default), then the structure begins at the location of the extrusion
contour polyline. If it is not, then the structure begins at the beginning of the extrusion path polyline. These
two options are equivalent if the first vertex of the extrusion contour and extrusion path polylines coincide. If
the two first vertices are different, fixing the first extrusion contour may yield unacceptable results. It is
strongly recommended that the two vertices coincide, in which case

Press <+

|Fi x extrusion base (y):

Fixing the extrusion base ensures that the inclination of the floor normal to the extrusion path remains the
same, irrespective of the twists and turns of the path.

Press <= to accept the default, if the base is required to be fixed; otherwise, enter N<k=! to reject.

The message| _Generating Extrusion, Please Wait... [|will be displayed until the meshing is done.

For a user-defined discr etization:

After picking the two polylines, respond with N<= to the question [_Use_default discretization (y): |

The user will be prompted to specify the discretization (i.e.,, number of boundary element edges) for each
segment of, first the extrusion contour polyline, and then the extrusion path polyline. Respond to each prompt
by entering [Num]<+=, where [Num] is the required number for each segment.
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Thereafter, the process proceeds in the same manner as for the default discretization.

2.4.3 Build Object + face -

The face— function is the most versatile among the mesh generators described in this section; however,
unlike the skin and extrude functions, face— does not generate geometry. It is ssimply a mesh generator,
suitable for discretizing any region bounded by one or more nodelines. Each of the nodelines must be closed.
Other than this requirement, there is no restriction on their relative orientations or number of nodes;
furthermore, they need not lie in the same plane.

Theface- function consists of a group of functions which are accessed through the FACES screen. To obtain
this screen, select Build Object + face ; the following message is displayed:

|Pick a CLOSED Nodel i ne: |

Click on the first nodeline which bounds the region to be discretized.

The noddine is highlighted to indicate that it has been picked, and the [So] buttons appear, along with the
following message:

|Pick interior CLOSED Nodel ine [ Go=done] : |

Either: the region to be discretized is completely bounded by the first nodeline picked; in which case
click on 2], and the FACES screen (e.g. Figure 2.1) will be displayed

Or: the region is bounded by more than one nodeling; in which case pick the remaining
nodelines, one by one; then click on [S2] to indicate that they have all been picked; the
FACES screen (e.g. Figure 2.2) will be displayed thereafter; the order in which the nodelines
are picked determines which of the enclosed regions will be discretized (please see Tutoria 4
for an example).

Some of the functions available at the FACES screen require some user-input to generate the mesh, whereas
others do not.
2.4.3.1 Default Meshing at the FACES screen

The three functions Array M esh, Radial Mesh, and Automatic Mesh require no user-input to generate a
mesh.

Array Mesh
This function is best suited for rectangular faces, if the nodes on opposing edges of the face can be joined to

generate a rectangular pattern. The function is not available if the face is bounded by more than one nodeline.
Therefore, it cannot be used to discretize a transition face.
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Hode Element [Manplanar hrray Radial |[Automatic Rescot View Return
Taals Taals Face Mesh Mesh Mesh
FACES EXAMINE 30 - A 30 STRESS ANALYSIS PROGRAM
Figure 2.1: The FACES screen, showing a smple face
+ +
+ +
Hode Element [Manplanar hrray Radial |[Automatic ’
H Taals Taals Face H Mesh H Mesh Mesh Resst H View H H Return
FACES EXAMINE 30 - A 30 STRESS ANALYSIS PROGRAM

Figure 2.2: The FACES screen, showing atransition face
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Radial Mesh

Thisfunction is suitable for radially symmetric faces, for which (1) the nodes are roughly equidistant from the
center of the face, and (2) their distance from the center is about the same as the length of the line segments
(boundary element edges) joining adjacent nodes. The function places a node at the center of the face, and
joins each of the other nodes to the central one to generate the mesh.

Automatic Mesh

This function is likely to generate a satisfactory mesh for most faces. The algorithm uses a random process,
hence, successive applications of the function to the same face (using Reset to clear a mesh before generating
a subsequent one) will give dlightly different results.

2.4.3.2 Node Tools at the FACES Screen

Selecting Node Tools at the FACES screen opens access to a group of three functions for placing nodes in the
interior of aface. These functions do not create e ements; they simply place the nodes, leaving it up to the user
to select a procedure (from Element Tools) for generating the elements.

Node Tools + automatic insert

This function places nodes in the interior of a face, without any more user-input. No nodes are generated if the
program “thinks” that none are needed. In that case any interior nodes required by the user will have to be
placed manually using the next function.

Node Tools + add one node

This function is used to place interior nodes one by one. The following is displayed when this function is
selected:

[Insert node(s) within face [Press Escape when done]: |

Click on any interior point once to insert a node there. Select each point well before clicking, because no
editing is available (except to delete using the next function). To exitNaue Tools + add one node, press
ESC once.

Node Tools + delete one node

This function allows the user to delete interior nodes, one by one. The following is displayed when the
function is selected:

|Sel ect node(s) to delete [Press Escape when done]: |

To delete a node, click on it. Delete as many as desired, in the same way. To eXibdeonools + delete
one node, press ESC once.
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2.4.3.3 Element Tools at the FACES Screen

Selecting Element Tools at the FACES screen opens access to three functions, which enable the user to
exercise considerable control on the boundary element discretization of a face.

Element Tools + add triangle

This function allows the user to add triangular e ements manually, by picking the first, second and third nodes
for each element. Any existing node (including the interior nodes inserted using Node Tools) may be picked.
Thefollowing is displayed when the function is selected:

|Se| ect node 1 making up triangle [Go Counter-clockw se]:

A node is selected by clicking on it; the display updates to prompt the user for node 2, and then for node 3.
Each node picked is marked with a yellow circle; also, the element edges are drawn as the nodes are picked.
When the third node is picked, the element defined by the three nodes is shaded, and the yellow markers are
removed. Thereafter, the display is updated, to prompt for node 1 of the next element.

Nodes 1, 2 and 3 for an element should be picked in a counter-clockwise order. To exit from Element Tools +
add triangle, press ESC once.

Element Tools + delete element

This function alows the user to delete elements selectively, one at a time. This is unlike the Reset function,
which deletes all elements and interior nodes at once. The following is displayed when Element Tools +
delete element is selected:

|Se| ect element(s) to delete [Press Escape when done]:

To delete an element, click on its face, or on one of its edges. It is deleted at once. It is better to click on the
element face, to ensure that the element deleted is the desired one. To exit from Element Tools + delete
element, press ESC once.

Element Tools + automatic mesh

This function inserts e ements automatically, using all existing nodes (including interior nodes inserted using
Node Tools). No more user-input is required.

This function cannot be used if there are existing e ements on the same face (created using Element Tools +
add triangle). In that case, the following message is displayed when Element Tools + automatic mesh is
selected:

|Error, el enents already exist - select Reset

To proceed, either delete the existing e ements using Element Tools + delete element; or delete the existing
elements and interior nodes using Reset; or continue to add eements manually using Element Tools + add
triangle.
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The Element Tools + automatic mesh function should not be confused with the Automatic M esh function.
The latter does not accept user-inserted elements or interior nodes. The following message is displayed if
Automatic Mesh is selected when there are some interior nodes or e ements:

|Thi s will reset all nodes and el enents, continue (y)
Either: press <+ to delete all lements and interior nodes, and generate a new mesh;
Or: enter N<—! or press ESC to exit from Automatic M esh without doing anything.

2.4.3.4 Nonplanar Faces at the FACES screen

This function is used to interpolate interior nodes if the bounding polyline defining the face is not planar. To
use this option, first create the face using either the automatic or manual methods described above. Then
simply choose this option to interpolate the interior nodes. This option should be done just prior to exiting
from the faces screen. If the face is planar, do not use this option.

2.4.3.5 Exiting from the FACES Screen
Sdlect Return; then, at the exit condition window,

Either: select Yes to save the current discretization of the face; it will be superimposed on the
existing discretization; therefore, any existing discretization of a face should be deleted
before invoking Build Object + face— for the same face;

Or: select No to discard it.

2.4.4 Build Object + blend

Like the skin function, the blend function generates a surface of triangular e ements around a series of
polylines. Unlike the skin function, the polylines need not have the same number of vertices or be ordered
consistently. Unfortunately, it isimpossible to properly skin all possible sets of contours so the user should take
extracare in ensuring that the resulting surfaceis correct. This method is known to produce erroneous results
when the closed polyline loops are long and narrow, asin a cut and fill stope. The skin option will always be
available as a more rigorous but predictable method.

To start, select Build Object + blend; the[ol buttons will appear, and the following message is displayed:

|Pi ck a polyline [ [Mn}] picked, Select Go when done]:

A polyline is picked by clicking on it, at which it becomes highlighted (yellow). Clicking on a highlighted
polyline causes it to be unpicked, at which its color reverts to blue. All polylines picked must be consecutive.

Pick as many as desired. The parameter [Num] is updated each time to indicate the number picked so far.
Theresfter,

Click on 5] to indicate that the required polylines have all been picked. The following message is displayed:

|Enter density, valid range fromO to 4 [1.0]:
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A density value of 1.0 triesto enforce a 3 to 1 element aspect ratio yet create a reasonable number of elements.
Asaresult, the3to 1 ratioisnot strictly required for each element created and is a function of the
discretization of theinitial polylines used for blending. Asaguide, a density of 3.0 will create about twice as
many elements as the default 1.0 density while a density of 0.5 will create about half as many.

Press <= to accept the [default], or type the required value, followed by <=,

2.4.5 Build Object + transition skin

The transition skin function generates the geometry and boundary element mesh for a structure, between two
polylines which have different numbers of vertices. The number of vertices on one polyline must be related to
the number on the other polyline by a 2:1 ratio. Therefore, such polylines will often be used to define the
transition zone between more detailed and less detailed geometrical cross-sections.

Thetransition skin function prompts the user to identify the two polylines, as follows:

|Se|ect first transition section:

Click on thefirst polyline (to define the first end of the transition zone).

|Se| ect second transition section:

Click on the other polyline (other end of the transition zone).

Thereafter, the mesh is generated, without requesting any more user-input.
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2.5 Modeler Menu Item: Pick

all

element

component

object

nodeline

polyline

nothing

39

The pick group of functions, shown in the pop-up menu at left, enable the user
to select a variety of entities to be operated on by some other function. An entity
is highlighted (yellow) when selected. The pick function works like a toggle: if
an entity is not selected, then picking it causes it to be selected; on the other

hand, picking a selected entity causesit to be de-selected. The word pick will be

used in this sense throughout Section 2.5.

File

Toolbox

Build
Polyline

Build
Object

2.5.1 Pick + nothing
This function causes every entity currently selected to be de-selected, and hence de-highlighted.

2.5.2 Pick + polyline

|

Object
Tools

View

Shade

Analysis
Param

Field
Points

Return

Thisfunction is used to select or de-select polylines. The following message is displayed when the function is

selected:

|Pick Curve [*=all; b=box; c=chox; ESC=done]:

Either:
Or:

Or:

press[ ] to Pick all polylines at once, and exit;

press[2] or [] to Pick a polyline group (see below);

click on a polyline to Pick it; do the same for as many as desired; then press ESC to exit
from Pick + polyline.

2.5.2.1 Picking Polyline Groups with the BOX Option

Following the message

|Pick Curve [*=all; b=box; c=chox; ESC=done]:

press [2] to activate the BOX option. This option causes all polylines completely enclosed by a user-defined
box to be Picked. The user is prompted to specify two corners of the box. If the two corners specified lie in
different planes, then the 3-d box is defined explicitly using the two corners. On the other hand, if the given
points lie in the same plane, then the box is defined implicitly by infinitely extruding the 2-d box (plane)
formed by the two points.
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The following message is displayed when the BOX option is sel ected:

|Place box corner #1 [N U E: snaps]: |

Either: type the N-U-E coordinates of the first corner, separated by comma (,) or space, and press
<
Or: click on a point to place thefirst corner there.

Adjust the point as required, either through the keyboard or with the mouse. If using the mouse, recall that the
snap functions constrain the category of selectable points; also recall that only two coordinates can be modified
through any one (and all three coordinates through any two) of the orthogonal view windows.

When the point is satisfactory, click on [colto accept it; then the second corner is requested, as follows:

|PI ace box corner #2 [N U, E: snaps]:

Either: type in the coordinates, followed by <+
Qr: click on a point to place the second corner there.
The outlines of the box (or plane) are shown in yellow; adjust the coordinates of the second corner as desired;

then click on 62 to accept the box. The box is removed and all polylines enclosed by it are highlighted (or de-
highlighted if already selected) to show that they have been Picked. The dialogue box message reverts to:

|Pick Curve [*=all; b=box; c=chox; ESC=done]: |

2.5.2.2 Picking Polyline Groups with the CBOX Option

The CBOX option, activated by pressing [<] in response to the above message, works exactly like the BOX
option, except for the difference that al polylines either crossed or completely enclosed by the box are Picked.

Please see the previous section for a description of the procedure.

2.5.3 Pick + nodeline

The function enables the user to select or de-select nodelines. The following is displayed when the function is
selected:

|Pick Nodeline [*=all; b=box; c=chox; ESC=done]: |

Either: press[*|to Pick all nodelines at once, and exit;

or: press [2] or [<] to Pick a nodeline group (see above discussion for polylines, Section 2.5.2.1,
since the process is exactly the same);

Or: click on anodelineto Pick it; do the same for as many as desired; then press ESC to exit.

Nodelines and eements cannot be Picked independently. If elements are already picked, selecting Pick +
nodeline resultsin the following error message:
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|Error, cannot pick a nodeline if elenent is already picked

2.5.4 Pick + object

An object, in EXAMINE®, consists of a block of inter-connected boundary elements. For example, the
boundary element mesh for two neighboring paralld tunnels consists of two objects; whereas the one for two
intersecting tunnels consists of one object.

Polylines are not objects; on the other hand, because nodelines are integral parts of elements, they and the

elements congtitute parts of the same object. Hence, nodelines are Picked along with objects, but polylines are
not.

The following message is displayed when Pick + object is selected:

|Pi ck object [*=all; ESC=done]:

Either: press|[*|to Pick every object at once, and exit;
Or: click anywhere on an object to Pick it; then, when all required objects are Picked, press ESC
to exit.

Objects and nodelines cannot be Picked independently. Selecting Pick + object when nodelines are already
picked causes an error message.

2.5.5 Pick + component

A component is a group of elements generated by a single application of any one of the five mesh generation
functions, viz., skin, extrude, face, blend, or transition face. For example, the mesh for a circular tunnd may
be generated by one application of extrude and two applications of face; in which case it consists of three
components. the elements on each tunnel face constitute one component, and those on the cylindrical surface
constitute one component.

Polylines are not components; on the other hand, because nodelines are integral parts of dements, they and the
elements bel ong to the same component.

The following message is displayed when Pick + component is selected:

|Pi ck Component [*=all; ESC=done] :

Either: press[*|to Pick all components at once, and exit;

Or: click anywhere on a component to Pick it; when all required components are Picked, press
ESC to exit.
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2.5.6 Pick + element

Elements can be Picked individually or in groups. The following message is displayed when Pick + element is
selected:

|Pick Elenent [*=all; b=box; c=cbox; r=ratio; ESC=done]:

2.5.6.1 Picking Elements Individually

Elements are Picked individually by clicking on their edges. When an edge is shared by two elements,
clicking on it repeatedly causes it and the neighboring edges to be highlighted or de-highlighted in turn,
thereby indicating which element is selected or de-selected by each click. Therefore, to Pick an individual
element, click on one of its edges a few times, observing which edges are highlighted or de-highlighted, until
itisPicked.

2.5.6.2 Picking Element Groups with the BOX Option

Following the message

|Pick Elenent [*=all; b=box; c=cbox; r=ratio; ESC=done]:

press [2] to activate the BOX option. This option causes all elements completely enclosed by a user-defined
box to be Picked. The user is prompted to specify two corners of the box. If the two corners specified lie in
different planes, then the box is defined explicitly using the two corners. On the other hand, if the given points
lie in the same plane, then the box is defined implicitly by infinitely extruding the plane formed by the two
points.

The following message is displayed when the BOX option is sdl ected:

|Place box corner #1 [N U E: snaps]:

Either: type the N-U-E coordinates of the first corner, separated by comma (,) or space, and press
<
Or: click on a point to place thefirst corner there.

Adjust the point as required, either through the keyboard or with the mouse. If using the mouse, recall that the
snap functions constrain the category of selectable points; also recall that only two coordinates can be modified
through any one (and all three coordinates through any two) of the orthogonal view windows.

When the point is satisfactory, click on [colto accept it; then the second corner is requested, as follows:

|Place box corner #2 [N, U, E: snaps]:

Either: type in the coordinates, followed by <+

Or: click on a point to place the second corner there.
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The outlines of the box (or plane) are shown in yellow; adjust the coordinates of the second corner as desired;
then click on |62 to accept the box. The box is removed and all elements enclosed by it are highlighted (or de-
highlighted if already selected) to show that they have been Picked. The dialogue box message reverts to:

|Pick Element [*=all; b=box; c=cbox; r=ratio; ESC=done]: |

2.5.6.3 Picking Element Groups with the CBOX Option

The CBOX option, activated by pressing [<] in response to the above message, works exactly like the BOX
option, except for the difference that al elements either crossed or completely enclosed by the box are Picked.

Please see the fore-going paragraphs for a description of the procedure.

2.5.6.4 Picking Element Groups with the RATIO Option

This option enables the user to Pick all elements which have aspect ratio larger than a specified value. Having
selected Pick + element, the user is prompted as follows:

|Pick Elenent [*=all; b=box; c=cbox; r=ratio; ESC=done]: |

Press|7] to activate the Pi ck-by-RATIO option.

|Enter element ratio:

Type the required value of aspect ratio and press <+=1. A message is displayed indicating that the process is
working; thereafter, the following is displayed:

[[\uml Elenents Picked, Press Enter to Continue |

where [Num] is the number of e ements which have aspect ratio larger than the specified value. All of them are
Picked: those which were not previously selected are highlighted, indicating that they have been selected;
those which were previously selected are de-highlighted, indicating that they have been de-sel ected.

Press<—!, and the following is re-displayed, to signal exit from the Pick-by-RATIO option:

|Pi ck Element [*=all; b=box; c=cbox; r=ratio; ESC=done]:

2.5.6.5 More on Picking Elements

In addition to Picking elements individually or in groups using the BOX, CBOX or RATIO options, all
elements can be Picked at once by pressing [*: also, groups of elements can be Picked as components or
objects.

To exit from Pick + element, press ESC.
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2.5.7 Pick + all

This function is used to select al objects and polylines at once, including those already selected using another
function. It is the opposite of Pick + nothing.

2.6 Modeler Menu Item: Xform

set pivot

The Xform menu opens access to a group of transformation functions, for
nonp scale modifying the shape, size or location of objects or polylines. The functions

scale cannot be applied to nodelines or individual elements or components. The object

or polyline to be transformed has to be picked first, using Pick + object or Pick
rotate + polyline, at which it becomes highlighted and its pivot (a large green star)

copy appears. All transformations of the object or polyline are defined with respect to

the pivot point.
move

Object View Shade Analysis Field

Tools Param Points Return

. Build Build .
File Toolbox Polyline Object Pick ‘
|

2.6.1 Xform + set pivot

This function enables the user to specify a point in space to which all transformations will be referenced. The
point is marked by alarge green star, which appears when a polyline or object is selected using Pick.

The following message is displayed (along with thel o] buttons) when Xform + set pivot is selected:

|Ent er Pivot Point Loc [N U E snaps]:

Either: type the coordinates of the new location, followed by <+

Or: click on a point to locate the pivot there, using any two orthogonal view windows (and any of
the snap functions) to adjust the coordinates of the point.

Then click on o] to accept the new location, or press ESC to abort the function without effecting any change.

The location of a pivot affects the results of rotate, scale and nonp scale; therefore, ensure that it is
appropriately located before applying any of these functions.

2.6.2 Xform + nonp scale

The nonp scale function permits an object or polyline to be scaled by a different scale factor in each of the
three coordinate directions, thus changing both its shape and size. The following message is displayed when
thisfunction is selected:
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|[Enter N U E Scale Factor [default]:

Enter [ fN fU fE ] <=, where fN, fU and fE are the values of scale factor to be applied to the N, U and E
coordinate directions, respectively.

The transformation is applied immediately, causing an exit from Xform; also, the object or polyline is de-
selected. It isirreversible, except by re-applying Xform + nonp scale with values of scale factor equal to the
reciprocals of the previous ones.

2.6.3 Xform + scale

The scale function works exactly like the nonp scale function, except that the same value of scale factor is
applied in al three coordinate directions. Therefore, only one value of scale factor is requested. The following
message is displayed when the function is sel ected:

|Enter Scale Factor [default]:

Enter [ f] <+, where[ f] isthe value of scale factor to be applied.
The transformation is applied immediately, causing an exit from Xform; also, the object or polyline is de-

selected. It is irreversible, except by re-applying Xform + scale with a value of scale factor equal to the
reciprocal of the previous one.

2.6.4 Xform + rotate

This function enables an object or polyline to be rotated about its pivot point. The rotation is applied counter-
clockwise, by a value specified in terms of three N-U-E components. Each component gives the magnitude of
rotation in degrees, about a line through the pivot point and parallel to the coordinate axis.

Thefollowing is displayed (along with the [Go] buttons) when Xform + rotate is selected:

|Enter CCW Rot [deg NUE, Go=done, Esc=abort]:

Enter [ INTU rE ] <,

where rN, rU and rE are the magnitudes of rotation in degrees, about lines parallel to the N, U and E
coordinate axes, respectively. For example, to rotate 90° about the N-axis, enter [ 90 0 0 |ek=d: or to rotate
90° about both the N and U axes enter [ 90 90 0 <=,

The result of the rotation is displayed, but is not yet accepted, and the above dial ogue box request is kept
active. At this point,

Either: enter additional rotations; each subsequent rotation is applied starting from the current
position of the object or polyline;

Or: click on[Se]to accept the current position of the object or polyline, thereby exiting from
Xform;
Or: press ESC to reject all rotations applied, thereby restoring the object or polylinetoits

position before Xform + rotate was invoked; this also causes an exit.
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Each of the above exit options (i.e., 52| or ESC) also causes the object or polyline to be de-selected.

2.6.5 Xform + copy

The copy function makes one or more copies of the selected object or polyline, and places each at a user-
specified location. The following message is displayed (along with the [S2| buttons) when this function is
selected:

|Enter Rel Displ of Copy [N U, E: snaps]:

For each required copy,

Either: enter [coordinates] <=, where [coordinates] are the N-U-E components of displacement,
which define the location of the pivot of the copy relative to the pivot of the original;

Or: click on a point to select it as the pivot point of the copy.
When all required copies have been placed:

Either: click on [ Sl to accept the current positions of all copies, and thereby exit from Xform; this
causes the object or polyline to be de-selected.

Or: press ESC to abort, thereby discarding all copies and exiting from Xform; the object or
polyline remains sel ected.

2.6.6 Xform + move

This function performs a trandlation of the object or polyline, relative to the pivot. The following message is
displayed (along with thel 52| buttons) when it is selected:

|Ent er Rel Translation [N U E snaps]:

Either: enter [coordinates] <=, where [coordinates] are the N-U-E components of the required
trandation;
Or: click on any point to select it as the new location of the pivot point.

Modify the selected location, either through the keyboard or with the mouse. If using the mouse, recall that the
snap functions constrain the category of selectable points; also recall that only two coordinates can be modified
through any one (and all three coordinates through any two) of the orthogonal view windows. Then

Either: click onlSelto accept the new location, thereby exiting from Xfor m;

Or: press ESC to abort, thereby restoring the object or polyline to its position before Xform +
move was invoked; this also causes an exit from Xform.

Any of the above exit options causes the object or polyline to be de-sel ected.
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2.7 Modeler Menu Item: Object Tools

delete all

delete picked

apply traction The Object Tools menu opens access to a group of functions for editing a
model. The object, component, element, polyline or nodeline to be operated on
locate surface by these functions must first be selected using Pick.

relocate node

reorder nodes/vert

subdiv.elem/poly

visible
invisible
) Build Build . ) Analysis Field
File Toolbox Polyline Object Pick Xform Tools View Shade Param Points Return

2.7.1 Object Tools +invisible

This function is used to hide selected entities from view. Any such hidden entity is essentially temporarily
removed. Hence, it cannot be picked or operated on by any function (except Object Tools + visible).

The function is useful for gaining access (with the mouse) to elements or components behind the immediate
view plane. For example, the elements on the floor of a tunnel can be accessed through the top view window if
the roof area of the tunnel ismade invisible.

To make geometry invisible, first select it using Pick, then select Object Tools + invisible.

2.7.2 Object Tools + visible

Thisfunction is used to restore accessto all invisible entities, by bringing them back into view.

2.7.3 Object Tools + subdiv elem/poly

Thisfunction is used to refine a discretization by subdividing selected e ements or polylines.

To subdivide a palyline, first select it using Pick, then select Object Tools + subdiv elem/paly. The following
message is displayed:

|This is an irreversible change, are You Sure (n)?
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Either: press <= to abort;

Or: enter Y-<b=I: anew vertex is placed at the midpoint of each existing segment of the polyline,
thereby dividing the segment into two equal segments; the polyline is de-selected thereafter;
this also causes an exit from Object Tools.

The processisirreversible, except by using Build Polyline + edit polyline.

To subdivide one or more elements, select the elements using Pick; then select Object Tools + subdiv
elem/paly; the same warning query is displayed, as follows:

[This is an irreversible change, are You Sure (n)? |

Either: press <= to abort;

Or: enter Y<b=I: the number of eements within the boundaries of the selected group is
quadrupled by the subdivision process,; furthermore, some transition elements are formed in
the immediate neighborhood of the selected elements; the aspect ratio of the transition
elements may be bad, depending on the difference between the sizes of eements in the
refined and unrefined mesh zones.

The only way to reverse the element subdivision is to delete all elements within the affected zone, and remesh
the zone using an appropriate element generation function.

2.7.4 Object Tools + reorder/vert

This function is used to change the order of vertices for a polyline, or nodes for a nodeline. The order of
vertices and nodes affect the direction of the normals for the elements generated from such
nodelines/palylines.

Polyline vertices are independent of the nodes on superimposed nodelines. Therefore, to reorder both the
vertices and nodes, both the polyline and nodeline should be selected and operated on (either together or
individually). Operating on the nodeline alone will not affect the polyline, and vice versa.

2.7.5 Object Tools + relocate node

This function permits the user to modify a boundary element mesh by relocating some of the nodes; it also
provides for the removal of e ements which have a large aspect ratio. To start select Object Tools + relocate
node; the user is prompted to select the nodes, as follows:

|Pi ck Nodes [b=box; f=filter; Go=done; ESC=abort]: |
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2.7.5.1 Relocating Nodes

The dialogue box message indicates that the nodes to be relocated can be selected either individually or in
groups. The box option permits the selection of node groups; the user is prompted to specify two corners of the
box; if the two corners arein different planes, then they define the box explicitly; if they are in the same plane,
the box is defined implicitly by an infinite extrusion of the plane.

To select an individual node, click on it; it is marked with a red star to indicate that it has been selected. To
de-select a marked node, click on it; thered star is cleared, indicating that the node has been de-sel ected.

To select agroup of nodes using the box option, pr&s@' the following is displayed:

|PI ace box corner #1 [N U, E: snaps]:

Either: type the N-U-E coordinates of the first corner, separated by comma (,) or space, and press
<
Or: click on a point to place thefirst corner there.

Adjust the point as required, either through the keyboard or with the mouse. If using the mouse, recall that the
snap functions constrain the category of selectable points; also recall that only two coordinates can be modified
through any one (and all three coordinates through any two) of the orthogonal view windows.

When the point is satisfactory, click on [colto accept it; then the second corner is requested, as follows:

|PI ace box corner #2 [N U, E: snaps]:

Either: type in the coordinates, followed by <+
Qr: click on a point to place the second corner there.

The outlines of the box (or plane) are shown in yellow; adjust the coordinates of the second corner as desired;
then click on |62 to accept the box.

The box is removed and all nodes enclosed by it are marked with red stars, indicating that they have been
selected.

Having picked all required nodes, or if you should change your mind about proceeding with node relocation:
Either: press ESC to de-select all nodes, and exit from the function;

Or: click on[Selto accept the nodes; the following message is displayed:

|Ent er Rel Translation [N U E snaps]:

The new location of each of the sdlected nodes is defined in terms of a trandation, relative to the current
location of its (red) marker. The user is being prompted to specify the trand ation vector.

Either: type the N-U-E components of the required trandation, separated by comma (,) or space, and
press <=1,
Or: click on a point to select it as the new location of the base node; the trandation vector is the

vector joining the base node marker to the clicked point.
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The trandation vector for a group of nodes would be best specified through the keyboard; otherwise, the user
would have to experiment with the mouse, in order to identify the base node.

As soon as a trandation is specified the red markers are relocated, showing what the effect of the trandation
would beiif it is effected; all subsequent trandations are referred to the current location of the markers. Adjust
the location of the markers as required, either with the mouse or through the keyboard. When the new
locations are satisfactory, or if you should change your mind about proceeding:

Either: press ESC to de-select all nodes, and exit from the function;

Or: click on[Selto proceed; the following warning query is displayed:

|This is an irreversible change, are You Sure (n)?

Either: press <= to exit, without effecting any change;

Or: enter Y<b=; each selected node is relocated at the current position of its marker, and the
function terminates.

The process is irreversible by itsef; on the other hand, it may be possible to reverse it by applying Object
Tools + relocate node to the exact same node set, with an equal and opposite trand ation.

2.7.5.2 Using the Filter Option
The filter option of the relocate node function is used to remove very thin elements. Having selected Object

Tools + relocate node, press [£] to activate the filter option. The user is prompted to specify the maximum
aspect ratio, as follows:

|[Enter element filter ratio [default]: |

Either press <! to accept the default, or type the required value and press <. All dements which have
larger values of aspect ratio will be removed, depending on how the user responds to the following warning

query:

[This is an irreversible change, are You Sure (n)? |

Either press<! to abort, or enter Y to proceed.

It should be noted that this is a single-pass process on all elements. The aspect ratio of some elements may
increase beyond the specified limit, as a result of the removal of high aspect ratio elements, and the program
does not check for this possibility. Therefore, the option should be run again to re-check the aspect ratio of all
elements.

2.7.6 Object Tools + locate surface

To properly define a ground surface you must first pick the object representing the ground surface with the
Pick + object (Section 2.5.4) function and then define it using the Object Tools + locate surface option.
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The object representing the ground surface must extend a distance such that its outer boundary will not affect
theregion of interest. Asarule of thumb, imagine a bounding volume around the zone of interest, then expand
this volume by a factor of three or more. The outer edges of your surface should lie outside this volume. After
you have located the surface object, the e ements composing the object will be drawn in green to indicate that
they are part of afree surface.

2.7.7 Object Tools + apply traction

Thisfunction is used to apply pressure or traction boundary conditions to excavations or ground surfaces. To
do this, within the modeler pick the element, component or object that you wish to apply the traction/pressure
to, then choose Object Tools + apply traction. You will be asked to give the type of boundary condition,
pressure or traction. In the case of a pressure load, you will be asked to give its magnitude. A zero pressure
value has the affect of removing the boundary condition for the picked elements. Positive pressures are applied
to each picked element in a direction into the rock mass. If you apply atraction, you will be asked to enter its
magnitude and direction. The region that you selected will be shaded light blue to indicate that thereisa
pressure or traction boundary condition on these elements. Y ou may also see the direction of the pressure by
turning ON the element normals in the shade options (Section 2.9.2) menu, then shading the model using the
quickshade (Section 2.9.4) option.

To apply a pressure or traction boundary condition, first select the element, component or object using Pick,
then select Object Tools + apply traction. The following message is displayed:

|Enter Traction Type (l=normal pressure, 2=traction vector) [1]:

2.7.7.1 Input Option 1: Normal Pressure

This option allows the user to define the applied traction boundary condition as a normal pressure on the
surface of any picked elements. To select this option, enter [/ <= in response to the above message. The
following is displayed:

|Enter Pressure To Apply [0]:

Enter the magnitude of the pressure to apply remembering that a positive value has an orientation convention
of being into the rock mass while a zero value removes any previoudy defined traction boundary condition.
2.7.7.2 Input Option 2: Traction Vector

This option allows the user to define atraction in any user defined direction, on the surface of any picked
dements. To select this option, enter [ 2]/ <= in response to the above message. The following is displayed:

| Enter Traction Vector Magnitude [0]:

Enter the magnitude of the traction to apply remembering that a zero value removes any previously defined
traction boundary condition. After you have entered a non-zero value the following is displayed:

|Enter Traction Vector Direction [NUE=(0,-1,0)]:

Enter the direction vector, which need not be a normal vector, in terms of the global coordinate system. Note
the default direction of (0,-1,0) indicates a traction in the “down” direction.
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2.7.8 Object Tools + delete picked

Thisfunction deletes all selected (highlighted) entities. The user is not prompted for more input, and the result
isirreversible; therefore, be sure you want to delete every selected entity before invoking the function. If it is
invoked when there is no selected entity, the following error message is displayed:

|ERROR, not hi ng pi cked

2.7.9 Object Tools + delete all

This is the only Object Tools function which does not require that entities be selected first. It operates on
everything. The following warning query is displayed when Object Tools + delete all is selected:

|This will delete everything, Are You Sure (n)?

Either: press <= to abort;
or: enter Y<—! to delete everything.

Ancther way to delete everything is to exit from EXAMINE® without saving anything.
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2.8 Modeler Menu Item: View

loc & dist
The View menu opens access to a group of functions which enable the user to
eye + target resize or relocate the view windows rel ative to the moddl.
pan
zoom in

auto box mode

autoscale

Build Build pick xform Object

File Toolbox Polyline Object Tools

View Shade Analysis F|g|d Return
Param Points
|

2.8.1 View + autoscale

This function resizes and relocates all four windows to just fit and center the model, or a portion of the model
enclosed by a user-defined box. It works like the [2l-button at the top of each window, except that each [2]-
button operates on only one window, whereas View + autoscale operates on all four windows.

2.8.2 View + auto box mode

This function enables the user to control the autoscale function by selecting a portion of the model to be
brought into focus whenever autoscale is invoked. The following message is displayed when View + auto box
mode is selected:

|C‘noose Mode (O=ALL GEOMETRY, 1=STRESS PO NTS, 2=USER DEFI NED) ? |

Option 0, activated by entering [0}d=, causes each window to be resized and relocated to just fit and center
the entire model. The option remains in effect, and determines the result of the autoscale function each time,
until another auto box mode is chosen.

Option 1, activated by entering [1l=, causes each window to be resized and relocated to just fit and center
all user-specified stress points (see Field Points menu). The option remains in effect, and determines the
result of the autoscal e function each time, until ancther auto box mode is chosen.

Option 2, activated by entering [ 2=, causes each window to be resized and relocated to just fit and center a
user-defined box. The user is prompted to locate two corners of the box as follows:

[Locate box corner #1 [N U E snaps]: |

Either: type the N-U-E coordinates of the first corner, followed by <+;

Or: click on a point to select it asthefirst corner of the box.
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Adjust the coordinates of the point, either by typing or with the mouse, then click on [col to accept it. The
dialogue box updates to request the second corner, as follows:

|Locate box corner #2 [N, U, E: snaps]:

Either: type the N-U-E coordinates of the second corner, followed by <+,
Or: click on a point to select it as the second corner of the box.

Once a second corner is entered, the outline of the box is shown in yellow. Adjust the box by adjusting the
second corner. When it is satisfactory, click on [52] to accept it.

While using the mouse to enter coordinates, recall that only two coordinates can be modified through any one
of the orthogonal view windows, and that all three coordinates can be modified through any two windows (see
Section 1.4.1.3 for more details).

This option remains in effect, and determines the result of the autoscale function each time, until another auto
box mode is chosen.

2.8.3 View + zoom in

The zoom in function enlarges a selected fraction of a window to the full size of the window, thereby exposing
more details of the part of the model visible through the enlarged fraction. The user is prompted to select the
part of awindow to be enlarged, by picking two (diagonally opposite) corners, as follows:

|Pick region to ZOOM I N on, Select first corner of region:

Click on apoint to select it as the first corner. Choose the point carefully before clicking; it cannot be changed
once picked, except by pressing ESC to abort the function. Once a point is clicked, the dialogue box message
updates to request the second point, as follows:

|Pick opposi te corner of region:

A rectangle, with one corner anchored at the first point, grows as the mouse pointer is moved away. When the
rectangle correctly marks the region to zoom in on, click one more time. The rectangle is enlarged to occupy
the full size of the window. Because zoom in maintains the aspect ratio of the model, the enlarged rectangle
may be dightly different from the one sdl ected.

To restore the full window, click on the[2]-button; the result obtained depends on the current auto box mode.

2.8.4 View + pan

This function moves a window relative to the model, by an amount and in a direction specified by the user. It
is similar to the arrow buttons at the top of each window. The user is prompted to specify the pan vector as
follows:

|Sel ect Base Point:

Click anywhere in the window of interest.
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[To Point: |

A line, anchored at the first point, grows as the mouse pointer is moved away. Grow the line in the direction
the model is required to “move” (relative to the window). When the length and direction of the line correctly
represent the required relative displacement, click a second time.

The window is moved in the opposite direction of the specified vector, which gives the appearance of the
model being moved in the specified direction. To restore the original position of the window:

Either: use th@an function again, with an equal and opposite vector;
QOr: use the arrow buttons at the top of the window;
or: click on thé2]-button; the result obtained depends on the cueaiatbox mode.

2.8.5 View + eye+ttarget

The eyettarget function enables the user t@lk around the model and examine it from any conceivable
viewpoint. It works with all four view windows: the location of the eye relative to the model is displayed
through the orthogonal view windows, whereas the model, as would be seen from the current viewpoint, is
displayed in the perspective window.

The following message is displayed whéiew + eyettar get is selected:

| Shade bjects in Perspective Wndow (n): |

The process is slower if objects are shaded. On the other hand, because shading blocks off the backplanes, a
clearer view is presented when objects are shaded.

Either: pres<+= to accept “no shading”,
Or: enter Y= to activate shading.
|Please vait. .. |

Each of the orthogonal windows is expanded, thereby shrinking the model down to a “target size”; the current
eye position is marked with a “blue camera”, connected to the target by a greenish yellow “line of sight”; the

picture of the model, as seen from the current eye position, is displayed in the perspective window. To modify
the viewpoint:

Either: type the coordinates of the required new eye location, follow<=ly
Or: click on a point to relocate the eye there. Recall that only the N-U coordinates can be
modified through the right view window, E-U coordinates through the front view window,

and E-N coordinates through the top view window.

Having selected a desired viewpoint, it can be saved Usolpox + store status; hence, at any subsequent
stage in the model analysis, the saved viewpoint can be recalledlasiibgx + retrieve status.
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To exit from View + eyettarget, click on [Gol. The current viewpoint remains effective until modified using
either View + eyettarget or Shade + animate, or until the current session of EXAMINE® is terminated.

2.8.6 View + loc & dist

This function is used to both locate a point in your three-dimensional modeling space and to determine a
distance to some other user-defined point. This function starts by displaying the coordinates of point#1 in the
dialogue box, and locates the same point in all four view windows. The user is prompted to identify the
required point, as follows:

|P1( [current point] )[N U, E: snaps]:

Either: enter [coordinates]<F!, and the point corresponding to the [coordinates] will be marked in
all four windows;

Or: click on any point, in any one window; the coordinates of the point will be given as the
[current point] in the dialogue box, and the point will be marked in every window, labeled
with its coordinates; recall that the snap functions constrain the category of points selectable
with the mouse (see Section 1.5.1 for a description of the snap functions); for example, only
model vertices can be picked if [_vn=on |

After you have defined the first point, click on [ol. You are then prompted to enter the second point as
follows:

| P2 ( [current point]:[distance] )[N, U E snaps]:

As above, define the second point. You will notice that a line is drawn from the first point defined to the
second point. The distance from thefirst point to the second point iswritten after the coordinates of the second
point in the dial ogue box.

To exit from View + loc & dist, press ESC at any point during the above procedure.
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2.9 Modeler Menu Item: Shade

set color

_ The Shade menu opens access to a set of functions for visualizing the over-all
shade options model, either shaded or in wireframe mode. Two of these functions, set color
animate and shade options, are used to set values of parameters for the visualization.
quickshade

Analysis Field

Param Points Return

. Build Build . Object )
File Toolbox Polyline Object Pick Xform Tools View ‘
|

2.9.1 Shade + set color

The set color function opens a sub-
menu which enables the user to
assign different colors to objects.
The function does not operate on

EOGES

| SAVE R EXIT | individual dlements or components,
‘ ABORT ‘ which implies that all eements
Faces- gold belonging to one object must be
edges= white assigned the same color. To assign

a color to an object, first select it
using Pick; then select Shade + set
color to obtain the sub-menu shown
at left.

To assign a color to the element faces, click on FACES, then click on the desired color in the color palette.
The selected color is displayed in the box on the right of FACES; at the same time the sample box at the
extreme right is updated to show the effect of the selection.

Click on EDGES, and follow the same procedure to assign a color to the element edges.

To exit from Shade + set colors:

Either: click on SAVE & EXIT, to effect the changes and exit;

Or: click on ABORT to exit without effecting any changes; the color settings in effect before
Shade + set color was invoked are restored.

Element faces and edges should be assigned different colors, if they are required to be distinguishable. In the
I nter preter, transpar ency can also be defined for the picked entity.
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2.9.2 Shade + shade options

SHADE DPTIONS The SHADE OPTIONS sub-menu, obtained by

- | selecting Shade + shade options, enables the user to

. cments . =L control the appearance of, and the amount of
Polylines/Nodelines | (IRNN information included in, shaded models. The default

Wireframe “ the | eft.

Normals [ ot ] values for the parameters are shown in the sketch on

Title Bar aff
| Backdrop |

| Save | | fbart | | Oefault |

Click on Elements to toggle elements on (default) or off. When elements are off, shaded models display only
the geometry of the models; both geometry and boundary element discretization are displayed when elements
areon.

Click on PolylinessNodelines to toggl e polylines and nodelines off (default) or on.

Set Normals to on, and arrows showing the directions of surface normals will be included in shaded moddls;
set Normals to off (default), to turn off the arrows. If Normals is set to pressure, only the normals associated
with elements having atraction boundary condition are displayed.

A shaded view cannot be obtained if Wireframe is set to on. The setting is used to force the animate function
to work in the wireframe mode; otherwise, it works in the shaded mode.

The Hidden Surface parameter toggles between painters (default), software, zsort, and hidden line. Hidden
surface removal with the zsort option is faster than, but not as accurate as, the other two options. The software
hidden surface algorithm uses a software z-buffer to render the shaded image. This produces a more visually
pleasing image but requires considerably more memory. The software option is also used for the animation of
the model (Shade + animate) since it supports paging/double-buffering of the display. The painters algorithm
provides the best balance between speed, memory usage and image quality. The hidden line option performs
hidden line removal.

The Lighting parameter toggles between flat (default) and off in the modeler. Shading is obviously faster
when Lighting is set to off but much less interesting. In the Interpreter, more advanced rendering options are
available which allow for the smooth shading (Gouraud, Phong) of the geometry and data visualization
entities. If you wish to capture images of your geometry, it's best to use the facilities e eter which
produce more visually pleasing results. Without results, usentbepr eter + General option and when asked
for a file name just press=! | then retrieve the file using tiféle menu.

If Title Bar is set to on, you will obtain an expanded title bar (which replaces the entire menu and information
bars) whemuickshade is invoked, or when the screen dump function is invoked (by pressing Ctrl-0Oldf
Bar is set to off (default), the title bar is limited to the dialogue box.
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When you choose to shade your model, the Backdrop by default is the background color. If you wish to add a
tiled image as the background, create a CompuServe GIF image file and place it in the textures directory in
your default EXAMINE® installation directory. Select the Backdrop option and choose the image file you
wish to use as the background image and shade your model using the quickshade or animate option. To turn
off the backdrop, answer no when prompted as to whether you want a textured background. You will notice
that EXAMINE® comes with a variety of image files that you can use.

To exit from Shade + shade options:
Either: click on Save to effect the current settings and exit;

Or: click on Abort; the settings prior to invoking Shade + shade options will be restored.

2.9.3 Shade + animate

The animate function tumbles and rotates the perspective view window relative to the model, which has the
appearance of tumbling and rotating the model (in the perspective window). The model is shaded, unless the
Wireframe option in the SHADE OPTIONS sub-menu (Section 2.9.2) is set to on.

The tumbling and rotations proceed faster in wireframe mode than in shaded mode. The following information
is displayed while the animate function isin progress:

|h:shade, arrows/ | ns/ Del =change dir, Enter=stop, Esc=abort |

2.9.3.1 Changing Between Shade and Wireframe Modes

Pressing [1] causes the mode! to be shaded if the wireframe mode is on; or to return to wireframe mode if it is
already shaded.

2.9.3.2 Direction Control

The Ins, Del, and arrow buttons on the keyboard enable the user to control the direction of tumbling and
rotation; or to restart the tumbling and rotation if temporarily stopped (see bel ow).

2.9.3.3 Temporary Stop

The tumbling and rotation can be stopped temporarily (i.e., without exiting from animate) by pressing <.
Torestart, press any of the Ins, Del, or arrow buttons on the keyboard.

To exit from animate, press ESC. This freezes the current viewpoint (i.e., eye location relative to model). The
viewpoint may be saved using Toolbox + save status; the View + eyettarget function may be used to re-set
the viewpoint.
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2.9.3.4 Full Screen Mode

By pressing Ctrl-F, the menus are removed with just the animating model remaining. To return to the previous
view containing the menu system, press Ctrl-F again.

2.9.4 Shade + quickshade

This function presents a shaded view of the model. The shaded view is presented in only one window at a
time, starting with the perspective window (by default); click anywhere in a given window to obtain a shaded
view through it.

The Wireframe parameter (see Section 2.9.2) must be set to off in order to obtain a shaded view using
quickshade.

To capture the screen to an image file, press Ctrl-1 or to a postscript file, press Ctrl-O. If you wish to toggle the
model to full screen mode (removes the menu system), use the Ctrl-F function.

To exit from Shade + quickshade, press ESC.
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2.10 Modeler Menu Item: Analysis Param

compute3d stats

analysis options

stress block off

job description

enter parameters

The Analysis Param menu opens access to functions used to set values of
material parameters and in situ stress, which are required to define the analysis
task for COMPUTE®>®¥™_ The functions also enable the user to choose between
a series of analysis options.

Build

File Toolbox Polyline

Build

Object Pick Xform

Object View Shade Field

Tools Param Points Return

2.10.1 Analysis Param + compute3d stats

This function estimates and displays the amount of memory required by COMPUT

E3PBEM to analyze the

model using the existing boundary element discretization.

2.10.2 Analysis Param + analysis options

ANALYSIS DPTIONS

Oisplacements

Element Type

Matrix Salver

Integratiaon Maods

|
|
‘ Field Point Aco.
|
|
|

Paint Filter

‘ Save ‘ ‘ Abart ‘ ||]eFE|ult|

2.10.2.1 Displacements

The analysis options function opens access to the
ANALYSIS OPTIONS sub-menu, from which the
user can sdect a series of analysis options. The
default options are shown in the sketch on the left.
Other options are explained bel ow.

Toggle displacements on (or off), to include (or exclude) the computation of displacements. If it is set to off,
then COMPUTE®*>®¥ will not compute displacements, and no displacement data will be available in the

results (.RES) file.
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2.10.2.2 Element Type

Elements can be set to constant, linear, or quadratic, to obtain boundary elements in which displacement is
constant, varies linearly, or varies quadratically, respectively, over the element surface. All elements are
triangular.

Constant e ements have one node each, located at the element centroid. Therefore, the number of nodes is
equal to the number of elements. Because displacements are computed at the interior point, compatibility of
element edges need not be enforced.

Linear elements have three nodes each, located at the corners of the triangle. Because nodes are shared by
neighboring elements, the total number of nodes in an object is a lot less than the number of eements.
Therefore, the number of equations for a linear element mesh is less than the number for the corresponding
constant € ement mesh.

Quadratic e ements have mid-side nodes in addition to the corner nodes of linear el ements. The addition of
mid-side nodes may cause the total number of nodes to increase by as much as the number of elements.

Therefore, although quadratic elements may be more accurate than linear elements, the increased
computational cost may likely outweigh the benefit in accuracy.

2.10.2.3 Field Point Acc.

This option toggles Field Point Acceleration on or off. When it is on, field point calculations are performed
for every other plane of a grid box, and for every other line of a cutting plane; results at the omitted planes
and lines are obtained by interpolation. When it is off (the default), field point computations are performed for
every plane of a grid box, and every line of a cutting plane.

If Field Point Acc. is set to on, the number of divisions along each axis of a grid box or cutting plane must be
even.

2.10.2.4 Matrix Solver

The options for matrix solver are:

j/bi-cg (the default) Jacobi-biconjugate gradient

gmres Generalized minimum residual
conj grad Conjugate gradient

gaus seid Gauss-Seidd iteration

gaus eim Gaussian elimination

The option is set by clicking repeatedly on Matrix Solver until the rectangular box on its right displays the
required method.
2.10.2.5 Integration Mode

This toggles between mixed (the default), in which both numerical and exact integration are used, and exact,
in which only exact integration is used.
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2.10.2.6 Point Filter

The Point Filter parameter has three possible values: ON, SURFACE, or OFF. When it is set to ON, points
which fall on the inside of excavations are ignored by COMPUTE"®™ and Interpret. When it is set to
SURFACE, points which fall on the outside of free surfaces are also ignored. If it is set to OFF, no paint is

filtered; that is, every point would be included in data analysis and interpretation, irrespective of its location
relative to a free surface or an excavation.

2.10.2.7 More on the ANALYSIS OPTIONS Sub-Menu

The Default button resets every parameter to its default value. To exit from Analysis Param + analysis
options:

Either: select Save, to effect the current settings and exit;

Or: select Abort, to exit without effecting any change; the parameter settings before the function
was invoked are restored.

Settings made at the ANALY SIS OPTIONS sub-menu may be over-ridden using COMPUTE®*>*¥" command
line options.

2.10.3 Analysis Param + stress block off/on

This function has two settings: on or off. When it ison, a cross showing the directions and relative magnitudes
of the principal in situ stress components is displayed in each of the orthogonal view windows. The red arm of
the cross indicates the direction of the maximum principal in situ stress, green arm indicates the intermediate,
and the blue arm indicates the minimum principal stress.

2.10.4 Analysis Param + job description

This function prompts the user to assign atitle to the moddl, as follows:

[Enter Job Description:

Enter [ job title] <+

The [ job title] is displayed in the title bar when Shade + quickshade is invoked, or when the screen dump
function is invoked (by pressing Ctrl-O). The default job title is “EXAMINE 3D -- A 3D BIARY
ELEMENT STRESS ANALYSIS PROGRAM". An expandéide bar (which occupies the entire position of
the menu and information bars) can be obtained by seftitig Bar to on (viaShade + shade options,
described in Section 2.9.2).

Thelnterpret version of this function, described in Section 3.7.4, allows the user to specify the character size
for the job title.
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2.10.5 Analysis Param + enter parameters

This function enables the user to set the values of elastic constants, field stress, and strength parameters. A
sketch of the MODEL PARAMETERS sub-menu, obtained when Analysis Param + enter parameters is
selected, is shown in Figure 2.3. Each menu item is represented by a name box (green) and a value box
(white).

MODEL PARAMETERS

ELASTIC CONSTANTS

foungas Modulue [MFa] ‘ 0000 ‘ Foieeon Retio | 0.28

S5IGMA 1 S5IGMA 2 S5IGMA 3
¥alue [MPa) - Yalue [MPa] : ¥alue [MPa) -
Dir. [deg] |I| Dir. [deg)
Dip [deg) Oip [deg)

| Tena. Skrength [MFPe] ‘ | Friction Angle [deg]
| Coheeion [MPa] ‘

FIELD STRESS

Oir. [deg]

Oip [deg]

Ui

=
[

Save Lbort

Figure 2.3: The Model Parameter s sub-menu

2.10.5.1 Elastic Constants

Elagtic constants are defined in terms of Young’'s modulus (in MPa) and Poisson’s ratio. To change the value
of Young's modulus, click on the white box (value box) beside Young’'s Modulus (MPa), type the required
value, and press <. To restore the existing val ue after clicking on the value box, press <+ without typing a
new value.

Thevalue of Poisson’sratio is set in asimilar way.
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2.10.5.2 Field Stress: Constant Option

The values of field stress can be set either in terms of constant values of the principal stress components
(CONSTANT option), or in terms of the values of stress gradient components (GRAVITATIONAL option).
The constant option, obtained by clicking on CONSTANT, isthe default.

When the CONSTANT option is in effect, data entry fields are displayed for the three principal stress
components, named SIGMA 1, SIGMA 2 and SIGMA 3. Each stress component is defined in terms of three
parameters, as follows:

1. itsmagnitude (value) in MPa;

2. itsdirection (Dir) in degrees, measured clockwise from North (0°) and ranging in value from 0°-360°;

3. itsDip, i.e, inclination from the horizontal, measured in degrees, and ranging from 0°-90°.

Each of the parameters has a name box and a value box. To change the value of a parameter, click on its value
box, type the required value, and press <. To restore the existing val ue after clicking on the value box, press
<= without typing a new value.

2.10.5.3 Field Stress: Gravitational Option

The gravitational option is selected by clicking on GRAVITATIONAL. It presents data entry fields for the
following parameters:

1 surface elevation in metres, i.e., the value of U-coordinate at which the magnitude of vertical stressis
zero;

2. unit weight in MN/m?®;

3. the direction (Dir), in degrees, of three stress components named SIGMA V, SIGMA H1 and SIGMA
H2; directions are measured clockwise from North (0°), and range in value from 0°-360°;

4, the dip (Dip) of each of the stress components; dip is measured from the horizontal, and it ranges
from 0°-90°;

5. the stress ratios K1 (equal to the ratio of SSIGMA H1 to SIGMA V) and K2 (equal to the ratio of

SIGMA H2 to SIGMA V).

6. the locked-in far field stresses in the horizontal H1 and H2 directions. These stresses correspond to
the magnitude of the horizontal stresses at the ground surface e evation.

In equation form, the gravitational field stresses are thus defined as:
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o, =)
Jh = Jo + Kyh
where,

o, = vertical far field stress

o, = horizontal far field stress

o, = locked -in horizontal far field stress
y = unit weight of the rock mass

h = depth below surface

K = horizontal stressratio

Each of the parameters has a name box and a value box. To change the value of a parameter, click on its value
box, type the required value, and press<+=. To restore the existing value after clicking on the value box, press
<= without typing a new value.

2.10.5.4 Strength Parameters: Mohr-Coulomb Option

Rock strength is defined in terms of either the Mohr-Coulomb or Hoek-Brown strength criteria. The Mohr-
Coulomb option, obtained by clicking on MOHR-COUL, presents data entry fields for:

1. tensilestrength in MPe;

2. friction anglein degrees; and

3. cohesionin MPa.

Each parameter has a hame box and a value box. To change the value of a parameter, click on its value box,
type the required value, and press <. To restore the existing value after clicking on the value box, press
<= without typing a new value.

2.10.5.5 Strength Parameters: Hoek-Brown Option

The Hoek-Brown option, obtained by clicking on HOEK-BROWN, presents data entry fields for:

1. unconfined compressive strength of intact rock, in MPa;

2. parameter m; and

3. parameter s.

Each parameter has a name box and a value box. To change the value of a parameter, click on its value box,
type the required value, and press <. To restore the existing value after clicking on the value box, press
<= without typing a new value.

2.10.5.6 Exiting from the Model Parameters Sub-Menu

Either: select Save, to effect the current settings and exit;
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Or: select Abort to exit without effecting any changes; the values of al parameters before
Analysis Param + enter parameter swasinvoked are restored.

67
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2.11 Modeler Menu Item: Field Points

intern vis off

_ The Field Points menu opens access to functions which enable the user to
edge vis on specify the points at which analysis results should be computed. Boundary
edit points element analysis does not automatically compute material response in the

medium around the structure of interest. Such computation is performed only if

delete points specifically requested, and only at the points requested.
add points
File Toolbox PgIL;/illiie (;Bttjl(le((j:t Pick Xform (?I_gj;gt View Shade A;:rlﬁis Return

2.11.1 Field Points + add points

EXAMINE® provides six methods for defining field points; when Field Points + add points is sdlected, the
user is prompted to select one of the methods, as follows:

| Enter | nput Method (1l=pl ane, 2=3pt plane, 3=grid, 4=fil e, 5=pt, 6=line) [default]:

2.11.1.1 Input Option 1: Cutting Plane

This option allows the user to define the field points in terms of a plane, which is specified by giving the
coordinates of two diagonally opposite corners. To select this option, enter [ 11 <= in response to the above
message. The following is displayed, along with thelS2 | puttons:

|I nput plane point #1 [N U E snaps]:

Either: type the coordinates of the first corner, followed by <+,
Or: click on any point to place the first corner there.

The selected point is marked with a red star; its location can be modified, either by entering alternative
coordinates through the keyboard, or by clicking with the mouse. If using the mouse, notice that the coordinate
snap functions are available; as was explained in Section 1.5.1, they constrain the category of points selectable
with the mouse. Furthermore, recall that only two coordinates can be modified through any one (and all three
coordinates can be modified through any two) of the orthogonal view windows.

When the selected point is satisfactory, click on (o] 1o accept it. The dialogue box updates to request the
second corner, as follows:

[Input plane point #2 [N, U E snaps]: |
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Enter the coordinates of the second corner, either from the keyboard, or with the mouse. The rectangle formed
by the two points (corners) is displayed; it may be adjusted by modifying the coordinates of the second point,
following the procedure described for thefirst point.

When the rectangle is satisfactory, click on [solto accept it. Its color changesto red; then one of its edgesis
highlighted yellow, and the following message is displayed:

|Enter nunber of divisions in u direction [default]: |

The rectangle is oriented with respect to alocal coordinate system; one of its edges corresponds to the local u-
axis, and a second perpendicular one corresponds to the local v-axis. The local coordinate axes are not
assumed to be coincident with the global (N-U-E) system. Field points will be generated by discretizing the
rectangle to form a network of grid points. The above dialogue box message requests the user to specify the
number of grid divisions for the highlighted (local u-axis) direction.

Enter |K| <= where nu isthe required number of divisions.

|Enter nunber of divisions in v direction [default]: |

Enter [nv] <= where nv is the required number of divisons. The number of field points so defined is
therefore (nu + 1) * (nv + 1).

The outline of the cutting plane is displayed in red. The function Field Points + add points is terminated. It
will have to be selected again, if it is required to define more field points.

2.11.1.2 Input Option 2: Cutting Plane (3 points)

This option allows the user to define the field points in terms of a plane, which is specified by giving the

coordinates of any three different points. To dtart, sdect Field Points + add points, which causes the
following message to be displayed:

|[Enter Input Method (1=pl ane, 2=3pt plane, 3=grid, 4=file, 5=pt, 6=l ine) [default]: |

Then enter [ 2| <=1, the following message appears, along with thel e | buttons:

|Input pl ane point #1 [N, U E vn=off, s=off, o=off]:

Either: type the coordinates of the first corner, followed by <+,
Or: click on any point to place the first corner there.

The location of the point can be adjusted, either by entering alternative coordinates from the keyboard, or by
clicking with the mouse (taking advantage of the snap functions and multi-view windows, as was explained
above). When the selected point is satisfactory, click on LG to accept it. The dialogue box updates to request
the second point, as follows:

[Input plane point #2 [N U E vn=off, s=off, o=off]: |

Enter the coordinates of the second point, either from the keyboard, or with the mouse. A yellow line is
displayed, joining the second point to the first one. The location of the second point can be adjusted, using the
same procedure described above for the first one. When the point is satisfactory, click on LG to accept it. The
dialogue box updates to request the third point, as follows:
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[Input plane point #3 [N U E vn=off, s=off, o=off]: |

Enter the coordinates of the third point. The rectangle defined by the three points is displayed. Its size and
orientation can be adjusted by relocating the third point. When the rectangle is satisfactory, click on L6 ] to
accept it. The following message is displayed:

|Enter nunber of divisions in u direction [default]: |

The discretization of the cutting plane into a grid network follows the procedure described in the previous
section. Respond by giving the required number of grid divisions in the u and v directions of the plane. After
the v direction grid is accepted, the outline of the plane is displayed and the function Field Points + add

pointsis terminated.

2.11.1.3 Input Option 3: Grid Box

This option provides for the field points to be defined in terms of a box, specified by giving the coordinates of
two diagonally opposite corners. The field points are generated by discretizing the box into a grid network.

Start by selecting Field Points + add points, to obtain the following message:

| Enter | nput Method (1l=pl ane, 2=3pt plane, 3=grid, 4=fil e, 5=pt, 6=line) [default]:

Then enter [ 3| <=, the following message appears, along with thel e | buttons:

|Locate box corner #1 [N U E: vn=off, s=off, o=off]:

Either: type the coordinates of the first corner, followed by <+,
Or: click on any point to place the first corner there.

The location of the point can be adjusted by entering alternative coordinates, either through the keyboard or
with the mouse. When it is satisfactory, click on LGo] to accept it. The dialogue box updates to request the
second corner, as follows:

[Locate box corner #2 [N, U E vn=off, s=off, o=off]: |

Enter the coordinates of the second corner, either through the keyboard or with the mouse. The outline of the
rectangular box formed by the two points is displayed. The size and orientation of the box can be adjusted by
entering alternative coordinates for the second corner. There is no restriction on its size or orientation, except
that its volume must be non-zero. The box can also be rotated using the right mouse button.

When the box is satisfactory, click on (o] to accept it. The user is then prompted to discretize the box into
grids, asfollows:

|Enter nunber of divisions in u direction [default]:

Enter the required number of divisions, followed by <+; respond the same way for the v and w directions.
After the w value is accepted, the outline of the box is displayed and the function Field Points + add pointsis

terminated.
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2.11.1.4 Input Option 4: Points File

This option provides for the field points to be read in as free points, from an ASCII file, named filename.PTS.
The points file consists of sets of three numbers, separated by spaces, each set occupying a line. Each set of
three numbers locate a point in space, according to the coordinate system used in the file. If the coordinate
system differs from the EXAMINE®® system, it must be identified using File + coord transform before
invoking this input option (see Section 2.1.4).

Start by selecting Field Points + add points; the following message is displayed:

| Enter | nput Method (1l=pl ane, 2=3pt plane, 3=grid, 4=file, 5=pt, 6=line) [default]:

Then enter 4| <=, Use the dialog to navigate to the folder containing the points file. Then sdlect it or type
in the name. All the points read are displayed as red points, spheres, boxes, diamonds, or strips, depending on
the current setting for markers (Section 2.11.3.1).

2.11.1.5 Input Option 5: Point
This option provides for the field points to be defined individually as discrete points in space. Each point is
entered, one at atime. This option is useful for a few points where stresses and/or displacements are wanted,

but is not intended for large numbers of points. Use the above points file method for this case.

Start by selecting Field Points + add points, to obtain the following message:

| Enter | nput Method (1l=pl ane, 2=3pt plane, 3=grid, 4=file, 5=pt, 6=line) [default]:

Then enter [ | <=, the following message appears, along with thel 5o | buttons:

|Se| ect/Enter Point Location [N U E vn=off, s=off, o=off]:

Either: type the coordinates of the point, followed by <+,
Or: click on any point to place the point there.

The location of the point can be adjusted by entering alternative coordinates, either through the keyboard or
with the mouse. When it is satisfactory, click on L] to acecept it.

2.11.1.6 Input Option 6: Line
This option provides for the field points to be defined in terms of a line, specified by giving the coordinates of
two points in space. The field points are generated by discretizing the line into a user defined set of equally

spaced intervals. This option may be useful for comparing model results with extensometer results.

Start by selecting Field Points + add points, to obtain the following message:

| Enter | nput Method (1l=pl ane, 2=3pt pl ane, 3=grid, 4=fil e, 5=pt, 6=line) [default]:

Then enter 6 | <=, the following message appears, along with thel 5o | buttons:

|P1( [current point] ) [N, U E snaps]:
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Either: enter [coordinates] <=, and the point corresponding to the [coordinates] will be marked in
all four windows,

Or: click on any point, in any one window; the coordinates of the point will be given as the
[current point] in the dialogue box, and the point will be marked in every window, labeled
with its coordinates; recall that the snap functions constrain the category of points selectable
with the mouse (see Section 1.5.1 for a description of the snap functions); for example, only
model vertices can be picked if [vn=on]

After defining the first point, click on 521, You are then prompted to enter the second point as follows:

| P2 ( [current point]:[distance] ) [N U E snaps]: |

As above, define the second point. You will notice that alineis drawn from the first point to the second point.
The distance from the first point to the second point is written after the coordinates of the second point in the
dialogue box. After you have defined the second point, click on LS. You are then prompted to enter the
discretization as follows:

|Enter nunber of divisions along line [default]: |

Enter the required number of divisions, followed by <+=; after the value is accepted, the points along the line
at the discretization intervals are displayed and the function Field Points + add pointsisterminated.
2.11.1.7 Terminating Field Points + add points

The function Field Points + add points can be terminated either by completing a selected input task (at which
the function terminates normally), or by pressing ESC (at which the uncompleted task is discarded).

2.11.2 Field Points + delete points

This function permits the user to delete any or all of the following:

1. all thepointsread in from a.PTSfile;

2. individua planes, from among those defined using one of the cutting plane options;
3. individual grid boxes;

4. individual points; or

5. pointsdefined using aline

The following message is displayed when the function is selected:

|Se| ect plane/grid/pts to delete [*=all, ESC=abort]:

Either: press [ Tto deleteall grid boxes, cutting planes and free points;

Or: click on any grid box, cutting plane, or free point to delete it; clicking on one free point
causes all free pointsto be deleted
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When all the required points, planes and boxes have been deleted, press ESC to exit.

2.11.3 Field Points + edit points

This function enables the user to modify the grid discretization of cutting planes and grid boxes, or to change
the type and size of symbols used to mark the free points (those read from .PTSfiles).

Thefollowing is displayed when the function is selected:

|Se| ect plane/grid/pts to edit [Esc=abort]:

2.11.3.1 Editing Free Point Markers

To change the type and size of free point markers, click on one of the free points (in response to the above
message). The following is displayed:

|Enter Marker Type (O=point, 1=di anond, 2=box, 3=sphere, 4=strip) [default]: |

Type the required number (0,1,2,3 or 4), followed by <=

|Enter scale factor [default]: |

Enter [(557] <=1 where [SF] is the factor by which each marker should be scaled. Values larger than 1
enlarge, and those smaller than 1 reduce, the size of each marker. Thereafter, the markers are modified
according to the specification, and the function Field Points + edit pointsis terminated.

2.11.3.2 Re-discretization of Cutting Planes and Grid Boxes

Start by selecting Field Points + edit points, to obtain the following message:

|Sel ect plane/grid/pts to edit [Esc=abort]: |

Click on the required cutting plane or grid box. One of its edges will be highlighted, and the following
message is displayed:

|Enter nunber of divisions in u direction [current value]: |

Either: type the new value and press <+
or: press <= to retain the current value

The same prompt appears for the v direction, and (for grid boxes) the w direction. Respond in the same way.
The function is terminated thereafter.
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2.11.4 Field Points + edge vis on/off

This function toggles on or off when selected, to turn on or off the edges of all cutting planes and grid boxes.
The default setting ison.

2.11.5 Field Points + intern vis off/on

This function toggles on or off when selected, to turn on or off the internal grid lines of al cutting planes and
grid boxes. It is set to off by default.

2.12 Modeler Menu Item: Return

) Build Build . Object ) Analysis Field
File Toolbox Polyline Object Pick Xform Tools View Shade Param Points

The Retur n function returns control to the welcome screen (Figure 1.1). At the wel come screen:

Either: select M odeler to open the modeler screen;
Or: select Interpret to open the interpret screen;
or: select Exit; then sdect Y esto exit from EXAMINE®.

Ensure that your work is saved, if necessary, before exiting.
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3. Interpret

The EXAMINE® group of functions for the interpretation of analysis results are accessed by sdlecting
Interpret from the WELCOME screen (Figure 1.1). This causes one of two things to happen, depending on

the status of the parameter “general” (last line in the configuration file e3.cfg, which resides in the EXAM3D
directory).

If general=on (the default), theimterpret opens the DATASETS screen, which presents three possible
datasetsStress, Seismic andGeneral, as illustrated in the menu bar below.

Stress Seismic General

— — —

Return

Either: selecBtress, to interpret COMPUTE ™ analysis results, stored in a .RES file;
Or: selectSeismic to interpret seismic data;
Or: selectGeneral to interpret any other kind of data, stored in a .DAT file, following the

general format described in Chapter 5.

If general=off, then only .RES files can be interpreted. In that case the DATASETS screen is not presented;
instead, selectintnter pret at the WELCOME screen causes the following dialog to be displayed:

Open

Look in: I 25 Example:

exampleT.res Examplef.res
example res exampled res

exampled res
exampled. res
exampled. res
exarmples. res
File name: || Open I

Files of type: IEHamine-SD Rezult File Format (% res] j Cancel |

Use the dialog to navigate to the folder containing the EXAMN#ata file. Then select it or type in the
name. For dilename to be acceptable, the filésename.EX3 andfilename.RES must both reside in the same
subdirectory.
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A message is displayed indicating that the file is being read. Thereafter, the Interpret DATA SELECTION
screen (Figurel.4) is presented. The menu bar from this screen isillustrated below.

Analysis Sigma 1 Sigma 2 Sigma 3 Sig. 1-3 1+2+3 /3 Stress Str. Fac. Ubig. User

Param - - - - - Tensor - Joints Displmnt Defined Return

The DATA SELECTION screen presents a choice of the following results variables to be interpreted:

Sigmal Maximum principal compressive stress o;

Sigma 2 Intermediate principal stress o,

Sigma 3 Minimum principal compressive stress 03

Sig. 1-3 Maximum shear stresso; - 03

(1+2+3)/3 Mean principal stress

Str. Fac. Strength/Load factor, a measure of overstress and failure

To select any of these results variables, click on its name; a message is displayed indicating that the data is
being read (or calculated). Thereafter, the Interpret DATA INTERPRETATION screen (Figure 1.5) is
presented, thereby opening access to the EXAMINE®® interpretation group of functions. Each of the menu
itemswill be described subsequently.

The Interpret DATA SELECTION screen also offers access to five menu items, viz., Analysis Param, Stress

Tensor, Ubig. Joints, Displmnts, and User Defined each of which opens a pop-up menu. The use of these
menu items will be described first.

3.1 Interpret Menu Item: Analysis Param

analysis options This menu item is available at the DATA SELECTION screen. It opens access
: — to three functions, shown in the pop-up menu on the left. The functions are
job description similar to those offered by the Modeler version of Analysis Param; but the
enter parameters Interpret version has a more limited scope.

Analysis

Param

Sigma 1 Sigma 2 Sigma 3 Sig. 1-3 1+2+3 /3 Stress Str. Fac. Ubig. User

- - - - - Tensor - Joints Displmnt Defined Return

3.1.1 Analysis Param + analysis options

This function opens the same sub-menu as was shown in Section 2.10.2 for the Modeler version. It permits an
examination of the current settings; but no change is permitted.

Use Abort to exit from the sub-menu.
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3.1.2 Analysis Param + job description
This function works exactly as was described in Section 2.10.4
3.1.3 Analysis Param + enter parameters

This function opens the MODEL PARAMETERS sub-menu (Figure 2.3). It permits the user to modify the
values of strength parameters (which affect the Str Fac data), but no other change is permitted. Please see
Section 2.10.5.4 and Section 2.10.5.5 for a description of how to enter values for the strength parameters.

3.2 Interpret Menu Item: Ubiq. Joints

joint properties This menu item is available at the DATA SELECTION screen. It opens access

to functions which enable the user to interpret stress data with respect to the
normal stress --> properties of an omnipresent joint. One of the pop-up menu items (joint

shear stress —-> properties) opens a sub-menu; the others (each of which has a right-pointing

arrow by its name) represent results variables. The DATA INTERPRETATION
joint F.S. --> screen (Figure 1.5) is opened when any of the results variables is sl ected.

combined F.S. -->

Joints

. User
Displmnt Defined Return

Analysis Sigma 1 Sigma 2 Sigma 3 Sig. 1-3 1+2+3 /3 Stress Str. Fac.
Param - - - - - Tensor -

Thefollowing results variables are available;

normal stress normal stress on the ubiquitous joint

shear stress resultant shear stress on the ubiquitous joint

joint F.S. factor of safety against dip on the ubiquitousjoint
combined F.S. the smaller of joint F.S. and Str Fac

Any of these variables can be interpreted using functions accessed through the DATA INTERPRETATION
screen, which will be described subsequently.

3.2.1 Ubiqg. Joints + joint properties
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JOINT ORIENTATLON | SOMPLSS | menu, at which the user can specify the values of
orientation and strength parameters for the ubiquitous

0.0 0.0 joint.

JOIMT STRENGTH [ BARTON-BANDIS |

100.1

| Save | | Abort |

3.2.1.1 Joint Orientation: Compass Option

Thisisthe default option for describing the orientation of joints. It is obtained by clicking on CARTESIAN (if
the Cartesian option is on). Two parameters, Dip and Dip Dir, need to be specified. The parameter Dip is the
inclination of the joint plane from the horizontal. Its values range from 0° to 90°. The parameter Dip Dir is
the dip direction, measured in degrees from North. Its values range from 0° to 360°.

To change the value of a parameter, click on its value box (white), type the required value, and press <.

3.2.1.2 Joint Orientation: Cartesian Option

The Cartesian option is obtained by clicking on COMPASS (if the Compass option is on). In this option, the
orientation of ajoint is described in terms of the components of its normal vector. The components are named
X, Y, and Z. The X-component coincides with the N-axis, the Y-component with the U-axis, and the Z-
component with the E-axis.

To change the value of a component, click on its value box, type the required value, and press <.

3.2.1.3 Joint Strength: Barton-Bandis Option

Thisis the default option for specifying the strength of ajoint. It is obtained by clicking on MOHR-COUL (if
the Mohr-Coulomb option ison). The following parameters (Barton’s indices) need to be specified:

JRC Joint roughness coefficient
JCS Joint compressive strength (MPa)
PHI Basic friction angle of rock surface (degrees)

To change the value of a parameter, click on its value box, type the required value, and press <.

3.2.1.4 Joint Strength: Mohr-Coulomb Option

This option is obtained by clicking on BARTON-BANDIS (if the Barton-Bandis option is on). It requires the
strength of ajoint to be specified in terms of the Mohr-Coulomb parameters:

C the cohesion intercept (MPa)
PHI friction angle (degrees)
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To change the value of a parameter, click on its value box, type the required value, and press<+.

3.2.1.5 Exiting from Ubiqg. Joints + joint properties
To exit from the JOINT PROPERTIES sub-menu
Either: click on Save to effect all the changes and exit;

Or: click on Abort to discard all changes and exit; the values of all parameters prior to invoking
the function are restored.

3.3 Interpret Menu Item: Stress Tensor

\%

sigma nn(xx) --

sigma uu(yy) --> The Stress Tensor menu is available at the DATA SELECTION screen. It opens

access to the six independent three-dimensional stress tensor components
calculated by COMPUTE?PBEM,

\%

sigma ee(zz) --

sigma nu(xy) -->

sigma ne(xz) -->

\%

sigma ue(yz) --

Analysi Si 1 Si 2 Si 3 Sig. 1-3 1+2+3 /3 Str. Fac. Ubig. . U
;:rzrs’rlws IQTa IQTa IQTa Iga ' i Tensor r - % Joirlw(zs Displmnt Defsir?(;d Return
The available tensor variables are:
sigma nn(xx) stress in the north (compass), or x (cartesian) direction
sigma uu(yy) stressin the up (compass), or y (cartesian) direction
sigma ee(zz) stress in the east (compass), or z (cartesian) direction
sigma nu(xy) shear stress on a plane [J to north in the up direction
sigma ne(xz) shear stress on a plane [0 to north in the east direction
sigma ue(yz) shear stress on a plane [J to up in the east direction

The DATA INTERPRETATION screen is opened when any of the tensor variablesis selected.
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3.4 Interpret Menu Item: Displmnts

east (z) > The Displmnts menu is available at the DATA SELECTION screen. It opens
access to four displacement variables, if the parameter Displacements in the

up (y) > ANALYSIS OPTIONS sub-menu (Section 2.10.2) is set to on (or the

north (x) --> computation of displacements was requested via the command line options for
COMPUTESPBEMY,

total -->

Analysi Si 1 Si 2 Si 3 Sig. 1-3 1+2+3 /3 Sti Str. Fac. Ubig. . U
v | Somad | somaz | sames | Sp.i9 | s | s | snre | vl
|

The avail able displacement variables are;

east (2) E-component of displacement

up (y) U-component of displacement

north (x) N-component of displacement

total Resultant displacement vector

The DATA INTERPRETATION screen is opened when any of the variables is sel ected.

3.5 Interpret Menu Item: User Defined

Analysi Si 1 Si 2 Si 3 Sig. 1-3 1+2+3 /3 Sti Str. Fac. Ubig. -
param. | | | TS S| Temsor || doints | Disimat Return

With the User Defined option, the user is no longer limited to viewing principal stresses and displacements
only. With this option, the user can create contour plots of:

1. any stresstensor component (also availablein the Stress Tensor menu)
2. any displacement component (also available in the Displmnts menu)
3. write amathematical expression containing these components, and view the results of this function

The User Defined option is customized through the EXAMINE® configuration file e3.cfg, which is supplied
for this purpose.

You will find the e3.cfg file in your installation directory. Take a moment to view thisfile using any standard

ASCII text editor. You will find that it already contains information which will create a customized user
menu. Read on for further information.

3.5.1 EXAMINE® Configuration File — e3.cfg

Theformat of the €3.cfg fileissimple. If thereis an asterisk (*) in thefirst column of aline, then thelineisa
comment. Otherwise the line contains configuration infor mation.
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The first few sections of the file contain configuration settings for default colors and default EXAMINE®
operating characteristics. The user is referred to the comments within the file for compl ete descriptions of
these parameters. At the end of the file you will find the configuration settings for User Defined data.

3.5.2 User Defined Functions

Thefollowingisalist of variables available to the user:

sl = mmjor principle stress

s2 = intermediate principle stress

s3 = mnor principle stress

snn = stress in north direction (or cartesian x direction)

suu = stress in up direction (or cartesian y direction)

see = stress in east direction (or cartesian z direction)

snu = shear stress on a north face in the up direction

sne = shear stress on a north face in the east direction

sue = shear stress on a up face in the east direction

sn = nornal stress on a ubiquitous joint, orientaion of the joint
is defined in the joint properties menu in the ubiquitous
joint popup in the interpreter

ss = maxi num shear stress on a ubiquitous joint, orientaion of the joint
is defined in the joint properties menu in the ubiquitous
joint popup in the interpreter

dn = displacenent in north direction

du = displacenment in up direction

de = displacement in east direction

ym = young’s nodul us

g = shear nodulus = ynf (2*(1+pr))

pr = poisson ratio

m = hoek-brown failure criterion m

5 = hoek-brown failure criterion s

ucs = hoek-brown failure criterion unconfined conpressive strength

pi = 3.1415926

t = nmohr-coulonb failure criterion tensile strength

phi = nmohr-coulonb failure criterion tensile friction angle in radians

c = nohr-coulonb failure criterion cohesive strength

Thefollowingisalist of the basic mathematical operator s supported:

addition

subtraction

di vi si on

mul tiplication

=to the power of (ie. 273 = 8)

+
/
*
N

Thefollowing intrinsic functions are available for the cal culation of trigonometric and other quantities:

acos(x) =arc cosine of expression x
asin(x) =arc sine of expression x

atan(x) =arc tangent of expression x
cosh(x) =hyperbolic cosine of expression x
sinh(x) =hyperbolic sine of expression x
tanh(x) =hyperbolic tangent of expression x
cos(x) =cosi ne of expression x

si n(x) =sine of expression x

tan(x) =tangent of expression x

1 0g10(x) =1o0g base 10 of expression x
exp(x) =exponential e to the x

I og(x) =natural |ogarithm of expression x
sqrt (x) square root of expression x

abs(x) =integer absolute of expression x
fabs(x) =floating point absolute of expression x

Note: all angles must be expressed in radi ans
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The user is allowed to specify a maximum of 6 functions, using the above variables, operatorsand intrinsic
functions. Each function will be represented by a “button” in tlser Defined menu — 5 functions have been
defined in the e3.cfg file supplied with EXAMINE

To define a function, simply define the “button label” and then define the function, in the following format:

option_?_title = “<button label>*
option_? = <mathematical expression>

where the ? = the number of the button from 1-6.

For example, th&Jser Defined functions supplied in your e3.cfg file when you installed EXAMiRBvere
created by including the following lines in the e3.cfg file:

option_1_title = “Max. Shear”

option_1 = (s1-s3)/2.0

option_2_title = “Strain Energy”

option_2 = (s172 + s2"2 + s3"2 - 2.0*pr*(s1*s2+s2*s3+s1*s3))/(2.0*ym)
option_3_title = “Major Strain”

option_3 = (((1.0-pr*2)*s1) - (pr*(1.0+pr)*s3))lym

option_4_title = “Minor Strain”

option_4 = (((1.0-pr*2)*s3) - (pr*(1.0+pr)*s1))lym

option_5_title = “Excess Shear”

option_5 = (1.0+(sn*tan(0.523598776)))-fabs(ss)

NOTE:

1. thelines preceded by an asterisk (* ) are comment lines

2. the 'button labels’ must be enclosed by quotation marks, as shown
3. thefunctionsare NOT enclosed by quotation marks

3.6 Interpret Menu Item: File

print ) ) ) .
This menu opens access to a group of five file management functions. They work

export image in the same way as tiodeler File group of functions, which are described in
Section 2.1.

coord transform

append to model

save file

‘
|

3.6.1 File + print

Volume Cutting Contour Marker Pick Object View Shade Field Return

Toolbox Data Plane Tools Tools Tools Points

Please see Section 2.1.6 for a description of this function.
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3.6.2 File + export image

Please see Section 2.1.5 for a description of this function.
3.6.3 File + coord transform

Please see Section 2.1.4 for a description of this function.
3.6.4 File + append to model

This function works exactly as was described in Section 2.1.3. It permits the user to append data from a
EXAMINE® .EX3, Portable Geometry .GEO or Autocad .DXF file to the current database. The structure
described in the appended files would usually not be a part of (or the same as) the one already in the dataset
being interpreted. It is important to note that in the Interpreter you can directly append the geometry in an
Autocad DXF file. This may be useful in visualizing the results since the appended geometry can be used as a
reference to known structures that were not model ed.

3.6.5 File + save file

Thefollowing dialog is displayed when File + save file is selected:

Save As ﬂ E
Save jn: I {3 Examples j | |‘=_°F| E
3| example10.dat
Q example?. dat
File name: | Save I
Save as type: [Partable Data Fie [*.da) = Cancel |
Portable Geometry Fila [*.gea) :
Examine-20 Analysis File Format [*.exa

As shown in the figure you may store afile in one of three file formats:

If you choose to store a Portable Data File the program will extract and store a .DAT (general data) file. Each
.DAT filelists C1-C2-C3-s values; where C1-C2-C3 are the coordinates of a point (according to the prevailing
coordinate system) and sis the value of the variable at the C1-C2-C3 point. The current variable, i.e,, the one
named at the bottom left corner of the screen, is the one stored. General data files can be interpreted by
selecting the General option at the DATASETS screen (thiswill only be available if the parameter general=on
in the e3.cfg file — see the beginning of this chapter for details).

If you select a portable geometry file, an ascii file containing just the geometry is written. The purpose of this
file is to allow the transfer of geometry from/to other programs. The format of the file is described in Section
5.6.
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Y ou may also write an EXAMINE? file. You will be prompted to select a cutting plane containing the data
you wish to store to the .EXA EXAMINE? file. EXAMINE? may then be used to view the data. Aswell, you
may use the model to perform a two-dimensional plane strain analysis. You can use thisinformation to
determine whether a two-dimensional analysis will correctly mode the stress distribution around your
structure.

Use the dialog to navigate to the folder to store the datafile. Then select it or type in the name.
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3.7 Interpret Menu Item: Toolbox

setup options

_ The Interpret version of Toolbox offers access to six miscellaneous functions.
Insert text Three of these, viz., setup options, store status, and retrieve status, work in

delete text much the same way as was described for the Modeler version in Section 2.2

with a few exceptions listed below.
job description

store status

retrieve status

Volume Cutting Contour Marker Pick Object View Shade Field Return

Data Plane Tools Tools Tools Points

File
|

3.7.1 Toolbox + setup options

The Interpret version of setup options provides all the functions described in Section 2.2.3; in addition, it
also allows the user to modify the name of the current results variable (displayed at the bottom left corner of
the DATA INTERPRETATION screen, Figure 1.5).

The Interpret version of setup options also provides the user with the ability to embed the contour legend for
planes and surface contours into the upper |eft hand corner of any of the four view windows. During

full-screen mode (enabled by pressing Ctrl-F during quickshade or animate), the contour legend will still be
visiblein the upper corner of the window.

3.7.2 Toolbox + insert text

Theinsert text function is used to insert text strings.

Start by selecting Toolbox + insert text, which causes the following message to be displayed:

|[Enter text string [default]:

Type the text string, followed by <+

|Enter Text Size [default]:

The text size is given as a fraction of the height of the screen. For example, to obtain text about 2% of the
screen height, enter [0-02] <=,

|PI ace Text on Bl ack Backgound (y)?

A black background is recommended, for improved readabilitgept “yes” by pressin<s—

|Se| ect Text Location: [N U E vn=off, s=off, o=off ]:
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The text location can be defined by typing the coordinates, followed by <+, or directly with the mouse. For
the latter, click on the required point; the text can be relocated by clicking on a different point, or by dragging
the mouse with the left button held down. The text is centered at the point selected; when its location is

satisfactory, click on [Go]to accept it.

Onceit is accepted by clicking iEi, it can no longer be changed in any way, except by deleting it.

3.7.3 Toolbox + delete text

Thisfunction is used to delete text strings placed using theinsert text function. The user is prompted as
follows to pick the text to be deleted (having selected Toolbox + delete text):

|Sel ect text to delete [*=all, ESC=abort]:

Either: enter | <! to delete all text at once;

Or: click on a specific text string to deleteiit;

Or: press ESC to terminate the function without deleting more text.

3.7.4 Toolbox + job description

This function offers more flexibility than its M odeler version, described in Section 2.10.4, in that it allows the
user to specify the character size for thejob title.

The user is prompted to supply the character size, asfollows:

|[Enter Title Bar Text Size [default]: |

The character size is given as a fraction of the height of the screen. For example, to obtain characters about
2% of the screen height, enter 0. 02] .

Thereafter, the function proceeds as was described in Section 2.10.4

3.7.5 Toolbox + store status

The Interpret version of store status does a little more than its M odeler version, in that it also stores any text
entered using theinsert text function (described above).

The magnitudes of any defined isosurfaces are also stored. As aresult, the isosurfaces corresponding to these
magnitudes are automatically created for any model in which this status fileis retrieved.
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3.8 Interpret Menu Item: Volume Data

surf. contours

This menu opens access to five functions for full three-dimensional examination

traj. ribbons of data. Three of the functions operate on isosurfaces, one displays the directions
store isosurf of vector variables, whereas the other displays contours on the surfaces of
structures.

retrieve isosurf

create isosurf

Volume

Data

Cutting Contour Marker Pick Object View Shade Field

File Toolbox Plane Tools Tools Tools Points

Return

3.8.1 Volume Data + create isosurface

An isosurface is a surface joining all points in space (within the region of available data) at which a given
variable has the same value (referred to as the isovalue). For example, the o; = 60 MPa isosurface is the
surface joining al points at which the variable o; has a value of 60 MPa.

This function enables the user to set up one isosurface at a time. The following is displayed when Volume
Data + create isosurface is selected:

|Enter isoval ue:

Type the required isovalue, and press <+ (e.g., [60. 0] gt )

In wireframe mode, an isosurface is displayed as interconnected polygons. Each polygon is displayed as it is
generated; at the end the following message is displayed:

|i sosurface successfully created [#pol ygons = [ nunp] ]

At the same time the Isosurface Legend (right end of the screen, above the Contour Legend) is updated to
include information for the current isosurface. Like contours, many isosurfaces can be displayed
simultaneoudly. An isosurface can be Picked (using Pick + isosurface, described later); the edges and faces of
the polygons can be assigned colors (just like elements), using Shade + set color; furthermore, an isosurface
can be shaded, and the data describing it can be stored in, and retrieved from, afile.

3.8.2 Volume Data + store isosurface

This function writes isosurface data to a file named filename.lSO. The following is displayed when the
function is selected:

|Pick isosurface to store: |

Click anywhere on the isosurface. It is highlighted (yellow), indicating that is has been selected; thereafter the
user is prompted to enter the filename as follows:



CHAPTER 3. INTERPRET 89

Save As

Save in: I 23 Examples

Save as type: IEHamine-BD |sosurface File Format [.isa) j Cancel |

In choosing afilename, bear in mind that each isosurface contains data for only one value of one variable.

3.8.3 Volume Data + retrieve isosurface

This function reads data from an .1SO file, and incorporates the data into the current database; the isosurface
is then displayed as part of the existing data.

Thefollowing is dialog is displayed when the function is sel ected:

Open [ 7] x|
Loak if: I {25 Examples j gI E =

File name: I \ﬂl
Files of ype: IEHamine-BD |sosurface File Format [.isa) j Cancel |

Enter the filename, either through the keyboard or with the mouse.

3.8.4 Volume Data + traj ribbons

A trajectory ribbon is a tool for displaying the spatial variation of the three principal stress directions, all at
the same time. It consists of abiibon” passed through selected points, such that its orientation represents the
principal stress directions, as follows:

The length dimension of the ribbon coincides with the direction of the maximum principal compressive stress
(01); the width dimension coincides with the direction of the intermediate principal stegsar(d the normal
to the ribbon coincides with the direction of the minimum principal compressive sgss (
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The tra ribbons function draws either trajectory ribbons or trajectory polylines. Unlike ribbons, polylines
have no width; therefore, trajectory polylines represent only the direction of the maximum principal stress.

In addition to showing the principal stress directions, trajectory ribbons and polylines are colored to represent
the magnitudes of the current stress component, according to the Contour Legend. They are treated like
contours, and are thus operated on by any function that operates on contours (see Contour Tools).

Each ribbon or polyline is constructed starting from a tracer input point. When Volume Data + traj ribbons
is selected, the user is prompted to specify, first the tracer input method, and next the density of input points,
asfollows:

|Ent er Tracer Input Method (1,2=line; 3,4=plane)[default]:

3.8.4.1 Tracer Input Option 1

In this option ribbons are grown from input points distributed along a line. Having selected this option, the
user is prompted to locate the line and specify the input point density, as follows:

|Enter first point [N U E vn=off, s=off, o=off]:

Enter thefirst end of the line by

Either: typing the N-U-E coordinates, followed by <+,

Or: clicking with the mouse.

Adjust the coordinates as necessary, using the above procedure. If using the mouse, recall that the coordinate
snaps (Section 1.5.1) constrain the category of points selectable with the mouse; recall also that only two

coordinates can be modified through any one (and all three coordinates through any two) of the orthogonal
view windows. When the location of the point is satisfactory, click on |5 to accept it.

|Ent er second point [N, U E vn=off, s=off, o=off]:

Enter the second end of the line, following the procedure described for the first. The line is displayed as soon
as a second point is entered. Adjust the point as necessary; then click on |52/ to accept theline.

|Ent er nunber of intervals [default]:

Enter [[Num]| = \where [Num] + 1 isthe required number of tracer input points.

3.8.4.2 Tracer Input Option 2

Input Option 2 works exactly like Option 1, except for the difference that Option 2 generates trajectory
polylines, whereas Option 1 generates ribbons.

3.8.4.3 Tracer Input Option 3

In this case, trajectory ribbons are grown from input points distributed on a plane. Having selected this
option, the user is prompted to locate the plane and specify the input point density, as follows:
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[Input plane point #1[N U E: vn=off, s=off, o=off]: |

The plane is defined in terms of two diagonally opposite corners. Enter the coordinates of the first corner,
either with the mouse or through the keyboard, following the procedure described under Input Option 1. When
the location of the paint is satisfactory, click onl.¢2] to accept it.

[Input plane point #2[N U E: vn=off, s=off, o=off]: |

Enter the coordinates of the second corner; the outline of the plane is displayed as soon as a second corner is
entered. Adjust the point as necessary; when the plane is satisfactory, click on 2 to accept it.

|Enter nunber of divisions in u direction [default]:

Enter [[n1]] <=

where[nl] + 1isthe required number of input points per line parallé to the highlighted edge of the plane.

|Enter nunber of divisions in v direction [default]:

Enter [[n2]] <=

Thetotal number of input points is therefore (n1 + 1) * (n2 + 1). Because the ribbons “grow” in the direction
of g, tracer input planasormal to the generadn direction will display more information.

3.8.4.4 Tracer Input Option 4

Input Option 4 works exactly like Option 3, except for the difference that Option 4 generates trajectory
polylines, whereas Option 3 generates ribbons.

3.8.5 Volume Data + surface contours

This function displays contours of the current variable on the surface of the structure. For example, it would
display contours on the roof, floor, and sidewall surfaces, and on the two end faces, of a tunnel.

The function does not require any user-input.
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3.9 Interpret Menu Item: Cutting Plane

visible
This menu opens access to four functions used to set up and manipulate cutting

invisible planes.

trajectories off

cutting plane

Plane

Contour Marker . Object ) Field
Tools Tools Pick Tools View Shade Points Return

Volume

File Toolbox Data

3.9.1 Cutting Plane + cutting plane

This function is used to set up cutting planes through a grid box. Unlike those set up using the Modeler
function Field Points + add points, these cutting planes are not permitted to extend beyond the boundaries of
the grid box; furthermore, their orientation is limited to parallel and perpendicular to the grid box boundary
planes. Please see Section 2.11.1 for more discussion on cutting planes and grid boxes.

To start, sdlect Cutting Plane + cutting plane. If there are two or more grid boxes, the user is prompted to
select the required one, as follows:

|Sel ect grid or cutting plane: |

Click on the required grid box to select it. Theresfter, the following query is displayed (the function begins
with this query if thereis only one grid box):

|Aut oscal e Grid Box (n)? |

Either: enter Y<=, and each window will be re-sized and relocated to just fit and center the grid
box;
Or: just press<=!, and the current auto box mode (see Section 2.8.2) will remain in effect.

Thereafter, the intrinsic coordinate axes of the grid box are displayed, highlighted yellow and named u, v and
w. These axes need not coincide with the global axes; w-axis parallels the long dimension of the box, u-axis
the width dimension, and v-axis parallels the third dimension. The outline of a proposed plane is also
displayed (green dashed line); along with the following message, indicating the available options:

|snap=s, sweep=w, shade=h, Go=done; [c1:c2:c3] |

The numbers [c1:c2:c3] in the message are the global (N-U-E) coordinates of the point of intersection of the
current cutting plane with one of the local coordinate axes (yellow) of the grid box; there is only one such
point for every cutting plane (among those formed using the cutting plane function); the [cl:c2:c3]
information is updated each time the cutting planeis rel ocated.
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The [2] -option toggles the structure between the wireframe and shaded modes; this option is recommended.
Ensure that Wireframeis set to off, in the SHADE OPTIONS sub-menu (Section 2.9.2).

The [=] -option toggles on and off; when it is on, only planes passing through actual data points can be
selected; when it is off, any plane can be selected, interpolation being used to obtain data on planes which do
not pass through actual data points. Please note that this snap option is not the same as that described in
Section 1.5.1.

The [ -option toggles the sweep mode on or off; when it is on the cutting plane is always contoured to show
the data variation at its current location; when it is off, only the outline of the cutting plane is displayed.
Irrespective of the status of the sweep option, a cutting plane is contoured after its location is confirmed by
clicking on e,

To set up a cutting plane, click anywhere on one of the local grid box axes (yellow); the cutting plane normal
to and intersecting the clicked axis at the clicked point is displayed. If the sweep mode is on, the cutting plane
is contoured; otherwise, only its outline is displayed. The location and orientation of the cutting plane may be
changed by clicking on the required axis at the required point. It is always normal to the clicked axis.

To exit from Cutting Plane + cutting plane:

Either: click on [So] to retain the current cutting plane and exit; the cutting plane is contoured,
irrespective of the status of “sweep”;

Or: press ESC to discard the cutting plane and exit.
If the first exit option is used, the cutting plane so-formed remains in place until it is deletecCasiogr

Tools + delete all. It may be used to examine other results variables (i.e., by Bghgn to re-open the

DATA SELECTION screen, and selecting another variable). Data describing the plane may be saved for
EXAMINE®, usingFile + store 2D.

Only one cutting plane can be formed each @uo#ing Plane + cutting plane is invoked; but several cutting
planes formed at different times can coexist.

3.9.2 Cutting Plane + trajectories off/on

This function toggles on or off. When it is off, cutting planes display contours of magnitudes of the current
variable; no direction-related information is included. When it is on, cutting planes display direction
information for vector variables; also, the direction indicators are colored to represent magnitudes, according
to the Contour Legend.

3.9.2.1 Trajectories and Principal Stresses

If the current variable is a principal stress component, the default direction indicatarsjestery plates

oriented as described in Table 3.1. As the table shows, trajectory plates are always oriented with their long
dimension in the direction of the current principal stress component (current variable). This is unlike
trajectory ribbons (Section 3.8.4), which are always oriented with their long dimension in the direction of the
maximum principal stress component.
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Table 3.1: Relationship between the orientation of trajectory plates and the directions of the principal stress
components

Current Long direction Width direction Normal to
Variable of plate of plate plate surface
01 01 () 03
a0, a0, a0 g3
g3 g3 a0 a0,

The shape of the stress trajectories may be modified using Contour Tools + traj edit, which allows a choice of
one of three shapes, viz., strips (i.e, trajectory plates), arrows, or sticks. The arrows option gives a series of
short arrow-plates oriented according to Table 3.1. The sticks option converts the trajectories to lines oriented
in the direction of the current principal stress component.

3.9.2.2 Trajectories and Displacements

If the current variable is the displacement vector, the direction indicators consist of a series of short arrows
pointing in the direction of the vector. If it is one of the displacement components, the arrows point in the
direction of the component.

3.9.2.3 Trajectories and Ubiquitous Joints

If the current variable is either the shear stress or normal stress on the joint, the direction indicators consist of

short arrow-plates pointing in the potential direction of shear; the normal to the arrow surface coincides with
the normal stressdirection.

3.9.3 Cutting Plane + invisible

This function hides selected cutting planes. The user is prompted to select the cutting planes, as follows:

|Se| ect plane to hide [*=all, Esc=abort]:
Either: enter =] <= to hide all cutting planes;
Or: click on a cutting plane to hide it; hide as many as desired, then press ESC to exit from the
function.

Pressing the || button makes all the planesinvisible but does not exit this option. By selecting the red outline
of any plane, it will toggle the plane between visible and invisible. If the plane is invisible, sdecting it will
make it visible, while if it is vishble, sdecting it will make it invisible. Using this method, planes can be
toggled off and on very easily.

3.9.4 Cutting Plane + visible

This function restores all hidden cutting planes at once, without prompting for any user-input.
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3.10 Interpret Menu Item: Contour Tools

lights off
This menu opens access to a group of functions for modifying the appearance of
delete all contours and trajectories.
traj. edit
alter color
alter range
File Toolbox Volume Cutting Marker Pick Object View Shade Figld Return
Data Plane Tools Tools Tools Points

3.10.1 Contour Tools + alter range

The contour range is defined by the minimum value [vmin] and the maximum value [vmax]. These are the
values at the top and bottom, respectively, of the Contour Legend. The difference ([vmax] - [vmin] ) is divided
by 7 to obtain the size of each contour interval.

Usualy [vmin] and [vmax] should be chosen to just include the full range of values for the current variable;
but at times they are chosen to focus on a selected range of data values. The smaller the range, the more
detailed the contour representation of the data.

The user is prompted for [vmin] and [vmax], as follows:

|[Enter min, max range, [default]:

Either enter [[vmin] , [vmax]| <

Or: press <= to accept the [default].

All contours and the Contour Legend are updated to reflect the new range.

3.10.2 Contour Tools + alter color

This function permits the user to select a desired color for each contour interval. The following is displayed
when the function is selected:

|Se| ect Legend Color Box To Alter [d=default]:

To ater the color of a contour interval, click repeatedly on its color box in the Contour Legend, until the
desired color isdisplayed in the box. Modify as many as desired.

To restore the default color for all contour intervals, pressldl .

To exit from the function:
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Either: click on (2 all contourswill be updated to reflect the new color selections;

Or: press ESC, to exit without effecting any change; the color settings prior to invoking the
function are restored.

3.10.3 Contour Tools + traj. edit

This function allows the user to choose from three possible shapes for stress trgjectories. The choice made here
affects the stress trajectories obtained using the function Cutting Plane + trajectories off/on. It has no effect
on the direction indicators for displacement or ubiquitous joint stress vectors (see Section 3.9.2.2 and Section
3.9.2.3). It also has no effect on trajectory ribbons (see Section 3.8.4).

Thefollowing is displayed when Contour Tools + traj. edit is selected:

|Ent er Marker Type (1l=strip, 2=arrow, 3=stick) [default]:

Option 1 (strip) givestrajectory plates, oriented according to Table 3.1, in Section 3.9.2.
Option 2 (arrow) represents each trajectory with a series of arrow-plates, oriented according to Table 3.1.
Option 3 (stick) represents each trajectory as aline oriented in the direction of the current stress component.

To select an option, type the corresponding number and press<+; the following warning query is displayed:

|This will change all markers, Are You Sure (n)?

Either: enter Y=<, and all trajectories will be modified to reflect the choice;
Or: press <+ to discard the choice; the type of trajectory in effect prior to invoking the function
will be restored.

|Ent er trajectory scale factor [current val ue]:

Type the required value of scale factor, and press <. Values larger than 1 cause enlargement of the
trajectories. Note that the space between the trajectory elementsis not affected by the scaling. For example, if a
large enough scale factor is applied with the arrow option, the arrow-plates join up to form trajectory plates; as
the factor gets larger, the space between the plates disappears, giving the appearance of contours (with rough
boundaries).

The trajectories off/on toggle (Section 3.9.2) must be set to on, in order to observe the effects of any changes
made with Contour Tools + traj. edit.

3.10.4 Contour Tools + delete all

This function deletes all contours, at once. No user-input is requested; so be sure that you want to delete every
contour before invoking the function.
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3.10.5 Contour Tools + lights off/on

Thelighting option is used for determining whether cutting planes, isosurfaces, trajectory ribbons, and surface
contours are shaded using the current light source.



98 CHAPTER 3. INTERPRET

3.11 Interpret Menu Item: Marker Tools

marker edit The use of diamonds, boxes, or spheres to mark free data points was described
_ earlier (Section 2.11.3.1). Points attached to structures can be marked as well.
retrieve markers This menu opens access to a group of functions used to set and manipulate
enter point markers (for both free and attached points).
. Volume Cutting Contour . Object - Field
File Toolbox Data Plane Tools Tools Pick Tools View Shade Points Return

3.11.1 Marker Tools + enter point

This function permits the user to locate and mark individual points. The user is prompted for the coordinates
of the point, as follows:

|Se| ect/Enter Point Location [N U E vn=off, s=off, o=off]:

Either: type the coordinates of the required point, and press <+;

Qr: click on a point, to select it.

The selected point is marked with ared star. Adjust its coordinates as required, either through the keyboard or
with the mouse. If using the mouse, recall that the snap functions (Section 1.5.1) constrain the category of
points selectable with the mouse; also, recall that only two coordinates can be modified through any one (and
all three coordinates can be modified through any two) of the orthogonal view windows.

When the location of the point is satisfactory, or if you should decide to discard it,

Either: click on [c2] to accept the point; a marker (of the current type and size) is placed at the
location;
Or: press ESC to discard the point.

3.11.2 Marker Tools + retrieve markers

This function reads the coordinates of a group of points from a file, and places a marker (of the current type
and size) at each of the points. Any of the following three file types may be read:

.RDB file special seismic datafile
.SEN file special seismic datafile
PTSfile free pointsfile; please see Section 2.11.1.4

The user is asked to select the file type and the filename through the following dialog:
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Open
Look irn: I a Examples
File name: | Open I
Files of type: I i i i g j Cancel |
Seismic ADB Format File (rdb]

Enter the filename, either through the keyboard or with the mouse. The points will be displayed asthey are
read in.

3.11.3 Marker Tools + marker edit

This function, like the M odeler version described in Section 2.11.3.1, permits the user to choose the type and
size of symbols for marking points. Any change made here is applied to every marked point, including those
located subsequently (using either Marker Tools + enter point or Marker Tools + retrieve markers).

The user is prompted to specify the type and size of marker, as follows:

| Enter Marker Type (1=di anond, 2=box, 3=sphere)[default]:

To select asymbol, type its number and press <.

[This will change all nmarkers, Are You Sure (n)? |

Either: enter Y<=; all markers will be changed to the selected type at the current size, before
proceeding;
Or: press <+=; the marker typein effect prior to invoking the function will be restored; then

|Enter scale factor [1]: |

The current size of the symbols will be multiplied by the scale factor to set the new size. Type the required
value of scale factor, and press <+; if the value entered differs from 1, the following warning query is
displayed:

[This will change all nmarkers, Are You Sure (n)? |

Either: enter Y= to effect the size change and exit;

Or: press <= to exit without changing the size of the markers.
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3.12 Interpret Menu Item: Pick

polyline The Interpret version of Pick opens access to six functions, which enable the

user to select (or de-select) entities to be operated on by other functions. Four of
component these functions have been described in Section 2.5. The remaining two, i.e., Pick
object + marker and Pick + isosurface, are described in this section.

Recall that Pick refers to the action of sdlecting or de-selecting an entity:
marker Picking an entity causes it to be sdected (highlighted) if it is currently not
isosurface selected; otherwise, if it is currently selected, Picking an entity causesit to be de-

selected (de-highlighted).
nothing

|

3.12.1 Pick + marker

Markers can be Picked in file-groups. All markers read from one file are assigned to a file-group; each group
can be Picked through one application of Pick + marker. Stand-alone markers (those placed using Marker
Tools + enter point) can be Picked individually.

When you select Pick + marker, the following is displayed:

|Pick Markers [*=all, ESC=done]:

Either: press|*] to Pick all markers (including stand-alone markers and group members);
Or: click on amarker to Pick it; all members of its group (if any) are also Picked.

When every required marker has been Picked, press ESC to exit from Pick + marker.

3.12.2 Pick + isosurface

Thisfunction isused to select or de-select isosurfaces. The user is prompted for the isosurface, as follows:

|Pick isosurface [*=all; ESC=done]:

Either: press|*] to Pick all isosurfaces, and exit;

Or: click on an isosurface to Pick it; Pick as many as required; then press ESC to exit.
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3.13 Interpret Menu Item: Object Tools

delete picked The Interpret version of Object Tools opens access to three functions, which

operate on selected entities. Each entity, having been sdlected using Pick, may

visible be deleted or temporarily hidden from view, using delete picked or invisible,

invisible respectively. The function visible restores all hidden entities back into view.

Please see Section 2.7 for a detailed description of these functions.

Volume Cutting Contour Marker
Data Plane Tools Tools

Field
Points

File Toolbox Pick View Shade Return

3.14 Interpret Menu Item: View

The functions accessed through the View menu are the same for both Interpret and Modeler. Please see

Volume Cutting Contour Marker Pick Object

File Toolbox Data Plane Tools Tools Tools

Section 2.8 for their descriptions.
View ‘ Shade Figld Return
Points
—

3.15 Interpret Menu Item: Shade

The functions accessed through the Shade menu are the same for both Interpret and Modeler. Please see
Section 2.9 for their descriptions.

Field

Points Return

File Toolbox Volume Cutting Contour Marker Pick Object View Shade
Data Plane Tools Tools Tools
|
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3.16 Interpret Menu Item: Field Points

intern vis off
) The Interpret version of the Field Points menu offers five functions. Two of

edge vis on these, intern vis off/on and edge vis on/off have been described in Section
tgl stress blk 2.11.5 and Section 2.11.4, respectively. The third, tgl stress blk is equivalent to

: the function Analysis Param + stress block off/on, which was described in
write pts data Section 2.10.3. The fourth and fifth functions are described below.
edit points
File Toolbox Vgl;g € CPLIIELZQ C‘?Q(t)TSL” Mr%zr Pick (?I_gj;gt View Shade - Return

3.16.1 Field Points + write pts data

This function is used to output results data for free points into an external ASCII file. For the function to be
available, the free points must have been incorporated into the .EX3 file prior to submitting the analysis task to
COMPUTE®®®E |n that case the free points are displayed in the Interpret DATA INTERPRETATION
screen, each colored according to the color settings for the Contour Legend.

When Field Points + write pts data is selected, the user is prompted for the output file name, as follows:

[enter output filenane:

Type a filename (including an extension), and press <. No default extension is assigned. If the current
variable is a ubiquitous joint stress component, the output file data consists of three lines of data per free point:
Thefirst line gives the free point number and its N-U-E coordinates; the second gives the magnitude, dip, and
dip direction, for the maximum, intermediate, and minimum principal stress components; and the third gives
the magnitude, dip, and dip direction for the joint normal and shear stresses, followed by the values of safety
factor for the joint and for the intact rock. If the current variable isa principal stress component, the output file
data consists of two lines per free point, the two lines being exactly the same as the first two lines described
above; ubiquitous joint data is not included.

3.16.2 Field Points + edit points

This function, like the Modeler version described in Section 2.11.3, enables the user to modify the type and
size of free point markers. Unlike the Modeler version, the Interpret version permits different sizes to be
assigned to different points.
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Each free point marker is colored to reflect the magnitude of the current results variable at the point, in
accordance with the Contour Legend. In addition, markers of the same color can be assigned different sizesto
reflect the relative magnitudes of the variable. Those which represent the minimum magnitude are assigned
the smallest size, whereas those which represent the maximum magnitude are assigned the largest size; the
rest are assigned sizes between the smallest and the largest, depending on the magnitude they represent.

The user is prompted as follows, having selected Field Points + edit points:

|Enter Mar ker Type (1=di amond, 2=box, 3=sphere, 4=strip) [default]:

Type the required number (1,2,3 or 4), and press <=,

|Enter m ni mum poi nt scal efactor [default]:

Enter the value of scale factor for the smallest size of markers.

|Ent er maxi mum poi nt scal efactor [default]:

Enter the value of scale factor for the largest size of markers.

3.17 Interpret Menu ltem: Return

File Toolbox Volume Cutting Contour Marker Pick Object View Shade Field
Data Plane Tools Tools Tools

Points

The Return option of the DATA INTERPRETATION screen (Figure 1.5) returns you to the DATA
SELECTION screen (Figure 1.4), allowing you to select a different variable for viewing if you wish.
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4. Boundary Element Analysis Using
COMPUTE °P®=

The progran COMPUTE®®™ s supplied as part of the EXAMINE® package. It is a three-dimensional
boundary element stress analysis program, for linear eastic, isotropic and homogeneous media. Several of the
functions in EXAMINE®® are designed to prepare the input data for, and interpret the output from,
COMPUTE®PBEM  gpecific details of the data preparation process depend on the nature of the problem being
modeled. Generally, the following steps are invol ved:

1

Define the three dimensional geometry of the structure to be analyzed, using the polyline building
functionsin Section 2.3.

Generate the boundary element mesh, using one or more of the mesh generation functionsin Section
2.4,

Assign values to the analysis parameters and options, using the functionsin Section 2.10.

Specify the field points at which analysis results should be computed, using the functions in Section
2.11.

Write the data to a file, assigned the name filename.EX3 (where filename is user-specified), using
File + savefile (Section 2.1.2).

Submit the analysis task to COMPUTE®® using the procedure described subsequently. The
analysis results will be stored in afile named filename.RES.

Interpret the analysis results using the Inter pret group of functions.

4.1 Submitting a Task to COMPUTE **®="

Select the COMPUTE® icon in the Start - Rocscience - Examine3D menu. The following dialog will appear:
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[” ComputedD v.4.0 !EI

— File Queue;

Computing File; I

—Step 1 : Matnx Azzembly

— Proceszsed Files: —Step 2 Matrix Solution

Coree. Criterion: — Coree. Paramter:  Iteration:

— Sypstem and Job Statistice:————— [~ Step 3 : Solution of Streszes
Free Dizk = 820543 KB ]
Free Memory = 15673 KB Stress Points |

Delete | Cormpute | Fiestart | Exit |
Ready

To submit atask, select the Open button then select the EXAMINE® .EX3 file through the following dialog:

Open [ 2] %]
Laak ir: Ia Examples j gl E =

Examplel.ex3 Exampled. ex3
exampleZ. exd Exampled. ex3

ewxarmpled.ex3
exampled. exd
exampled.exd
ewxampleb.ex3
File name: | Open I

Files of tpe: IExamine-SD Analysis File Format [*.ex3) j Cancel |

You may select multiple files by holding down the CTRL key and selecting files with the mouse or by holding
down the left mouse button and rubberbanding a selection window. Once you have selected the files press the
Open button. You will return to the main dialog window and the files you have selected will have been placed
into the File Queue. If you have made a mistake, files may be removed from the File Queue by using the
mouse to select thefilein the File Queue window then pressing the Delete button.
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Once you have the files that you wish to anayze in the file queue, you may start the analysis procedure by
selecting the Compute button. The analysis proceeds with the progress of each file computation displayed in
the right hand portion of the main dialog. The analysis procedure of a single file can be divided into three
major components: matrix assembly, matrix solution and solution of the far field points. At any point during
the analysis cycle, the user may abort the process by selecting the Abort button. This will halt computation of
the current file and suspend computation of all filesin the File Queue.

When the computation of afile has been successfully completed, the file is moved into the Processed Files list
box.

4.2 COMPUTE P®®™ gystem and Job Statistics

During the computation of a data file, system and job resource utilization statistics are displayed in the System
and Job Statistics window. The amount of Free Disk space on the drive containing the c3.exe executable,
along with the amount of Free Memory (physical) available to the operating system is displayed. When the
computation of a datafile starts, statistics on the amount of Matrix Memory, Memory Used, Number of
Swaps, and Swap Space are displayed.

Matrix Memory isthe total amount of physical memory that the boundary element matrix would require if
the whole matrix were to be stored in memory.

Memory Used isthe amount of physical memory being used to store the matrix. If the matrix isvery large, the
matrix is actually stored as a disk file and portions of the matrix are read into memory for iterative solution. In
this case the Memory Used can be a small proportion of the Matrix Memory.

The Number of Swapsis equal to the Matrix Memory/Memory Used if the Memory Used is smaller than
the Matrix Memory. If the complete matrix can be stored in memory (e.g. small number of elements) then
disk swapping is not required and the Number of SwapsisO.

The Swap Space is either equal to the amount of Matrix Memory if disk swapping is occurring or equal to 0
if the complete matrix isbeing stored in physical memory.

4.3 Disk Swapping with COMPUTE *>5&"

COMPUTE®PBEM does disk swapping on problems which exceed the memory capabilities of the computer
being used. Disk swapping is done automatically without any user intervention. By default, COMPUTE"B&M
will attempt to use 75% of the total amount of available physical memory (memory not being used by the
operating system). This ensures that Windows virtual memory will not be used resulting in faster solution
times. If the amount of physical memory is less than 4MB then the program will use a quarter of the total
physical memory. This may result in Windows virtual memory swapping slowing down your process.

To override the amount of memory used for disk swapping, set the environment variable SWAP to the amount
of memory (in KB) that you wish to use for swapping e.g.,

SET SWAP=5000

would use 5SMB (5000K B) of swap space.
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4.4 Restarting a Previous Analysis

COMPUTE®"BE permits the user to restart an analysis if for some reason the program is aborted during the
calculation of field point stresses. This option may also be used when the user wishes to define a different
region for field stress calculation. The user may define new sets of field points, using any of the functionsin
Section 2.11, and perform a new analysis without re-assembling the system matrices, provided that the
geometry and discretization are unchanged. For large problems, the assembly and solution of the boundary
element equations can be a major component of the time taken to perform the analysis.

4.5 Restarting with New Sets of Field Points

Read the existing .EX3 file into EXAMINE®, and modify the field points definition as desired. Save the new
.EX3file, and use the restart3 utility program provided in the UTILITIES/MISC directory to create arestart
.RESfile. Thereafter, run COMPUTE® B open thefile and placeit in the file queue and press the Restart
button.

4.6 Restarting with No Change in Field Points

It is also possible to restart afileif COMPUTE B was aborted (say by pressing Abort to free the computer
for another task) during the calculation of the plane/grid field points. The program will sense how far the
analysis has progressed and continue from that point. Just re-open the file and placeit in the file queue and
press the Restart button.



CHAPTER 5. UTILITIESAND FILE FORMATS 109

5. Utilities and File Formats

5.1 Conversion of AUTOCAD .DXF Files to EXAMINE®® .GEO Files

Although EXAMINE®® cannot read .DXF files created by Autocadl directly, it is possible to use the
DXFGEO.exe utility to convert a .DXF file to a .GEO file. DXFGEO is a bi-directional conversion utility,
allowing the transformation of .DXF files to .GEO files, and .GEO filesto .DXF files. The file, DXFGEO.C is
also provided. It contains the C language source code, to enable the user to run the utility on a different
platform, with any necessary changes to the code. The requirements for this version of DXFGEO is a 386/486
computer with a minimum of 2MB of extended memory. The program can be found in the
UTILITIES'DXFGEO subdirectory of your EXAMINE®® installation directory.

To run the program, type
DXFGEO [optiong] [inputfile] [outputfile] <=
[optiong]:

-q Do not convert quadrilateralsto triangles
-l Do not convert lines to polylines

[inputfile]
Either: filename.GEO to convert .GEO fileto .DXF file
Or: filename.DXF to convert .DXF fileto .GEO file

[outputfil€] is optional; if it is omitted, the results would be stored in filename.GEO (for filename.DXF input),
or in filename.DXF (for filename.GEO input).

For example, to convert .DXF TO .GEO:

Either: DXFGEO junk.dxf <=

Or: DXFGEO junk.dxf morejunk.geo <+
To convert .GEO TO .DXF:

Either: DXFGEO junk.geo <+
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Or: DXFGEO junk.geo morejunk.dxf <+

Typing DXFGEO <+ (no arguments) will display a brief syntax usage screen for reference purposes.

EXAMINE®® supports the following Autocad] entities during .DXF to .GEO conversion: LINE, PLINE,
3DPOLY, 3DFACE, 3DMESH and PFACE (3 and 4 nodes per face only).

When building a modd in Autocadl] please ensure that the model has the proper connectivity for a boundary
element mesh.

5.2 Interpolation of Scattered Data using the EDEN3 utility program

EXAMINE®® now has bundled with it a utility called eden3. Eden3 (not to be confused with eden or eden?) is
a utility that can take a set of discrete points in space, each point having an associated scalar value, and
interpolate these values to some spatial function. It then maps this function to a regular grid, and generates a
DAT file that can be viewed within the Interpret + General menu of EXAMINE®®. The utility can also
calculate event and energy densities. The utility can read in a variety of seismic format files (i.e. MP250, RDB
etc.), along with a free format file that can be used by people with unsupported data files. Converters between
different seismic data formats and EXAMINE®® formats can be found in the UTILITIES/CONVERT directory.
Eden3 is completely menu driven and easy to use. The program can be found in the UTILITIES/EDEN3
subdirectory of your EXAMINE® installation directory.

Note: Earlier versions of this program were funded by the Mining Research Directorate under the CRRP.

5.3 Conversion of Seismic Event Files to EXAMINE®P .PTS Files

EXAMINE?®® provides utilities for the conversion of many of the more popular file formats for storing seismic
events. The conversion process takes a seismic event file and creates an EXAMINE®® PTS file which can
easily be imported into EXAMINE® (Section 3.11). The conversion utilities, source code, and sample files can
be found in the UTILITIES/CONVERT subdirectory of your EXAMINE®® installation directory.

5.3.1 Conversion of .RDB Files to .PTS Files

An .RDB file is a file produced by the Queen’s University Rock Physics Laboratory, which contains data
regarding the location and time of a microseismic event. In order for EXARfINEuse this data, the .RDB

file must be converted into a readable .PTS file. This is accomplished using the program RDBTOPTS.

The command line is:

rdbtopts [-t DN DU DE]filename (.rdb)] [filename (.pts)]

[options]:

-t translates points in N,U,E directions by given amounts DN, DU, DE
DN,DU,DE the relative displacements in N,U,E directions



CHAPTER 5. UTILITIESAND FILE FORMATS 111

Data from any coordinate system can be read into the .PTS file, which consists of a columnar listing of xyz
coordinates based on the NORTH, UP, EAST default format. These coordinate settings can be altered later
using the EXAMINE®® function File + coord transform.

PTSfiles serve two purposesin EXAMINE®®:
1. provide stress point locations

2. provide marker locations

5.3.2 Other Seismic Conversion Utilities

Utilities with the same execution syntax as the above RDB conversion utility exist for MP250, CR1, SPA files,
and FRE format files. The conversion utilities, source code, and samplefiles can be found in the
UTILITIESCONVERT subdirectory of your EXAMINE®® installation directory.

5.4 Miscellaneous Utilities

The UTILITIES/MISC subdirectory of your EXAMINE®® installation directory contains utilities and source
codefor:

1. Subtracting the results of one analysis from another, useful for looking at differential stresses dueto
staged excavation (dstress utility).

2. Subtracting the far-field stresses from the results for looking at induced stresses (dfield utility).

3. Restarting an analysis with a different set of field points (restart3 utility).

4. Caculating event density using the obsol ete eden utility, see the readme.txt file.

5.5 The .DAT File Format

EXAMINE® includes the capability to read or write general data files (assigned the .DAT extension). To
interpret a .DAT file, ensure that the parameter general is set to on in the file €3.cfg; in that case Interpret
opens the DATASETS screen, from which Gener al should be selected. There are at present five types of .DAT
file, viz., GRID, RESOLUTION_GRID, PLANE, TENSOR POINT, and POINTS data. Examples of .DAT
files can be found in the EXAMPLES subdirectory of your EXAMINE® installation directory. The files are
contained within a self extracting archive named examples.exe. To unarchive the files, type examples at the
DOS prompt.
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5.5.1 Grid and Resolution_Grid Data Files

For both GRID and RESOLUTION_GRID datafiles, each file describes the spatial distribution of one variable
within a volume, in terms of values given at regularly spaced grid points. In addition, RESOLUTION_GRID
data files include confidence values at each grid point. Generally, each file provides three sets of information:
(1) environment set up information for EXAMINE® (2) a description of the boundaries within which data is
provided, and (3) alisting of grid-point coordinates and the values of the variable at such points.

v A typical GRID or RESOLUTION_GRID datafileisillustrated in Table 5.1.
4 Thefirst input block of the file begins with the keyword SETUP. It provides
3 2 the dataset name, the settings for the orthogonal coordinate system used in

the file, the name (if any) of a .GEO or .EX3 file containing the geometry
data, a choice of compass or Cartesian coordinate convention, and the name
of the .INF file associated with this dataset (see Section 5.5.5). The input
0 Y block is terminated with the keyword ENDSETUP.

The next input block, which begins with the keyword GRID, consists of two
sections: The first section provides the global coordinates of the grid-box
7 6 corners, followed by the number of grid subdivisionsin each local coordinate
direction of the grid box. The grid box coordinate system is arbitrarily
oriented relative to the global system; furthermore, the grid-box boundaries
need not be parallel. The coordinates of the corners must be given in the
4 5 order PO, P1 ... P7, asillustrated in the sketch on the left.

w

The second section of the second input block gives the global coordinates and values of the variable at the grid
intersections. It terminates with the keyword ENDGRID.

5.5.2 Plane Data Files

The format of .DAT files for the PLANE option is the same as for the GRID option, except for the difference
that PLANE gives data for a plane, whereas GRID gives data for a box. A second difference is that the
beginning and end of the second input block are marked by the keywords PLANE and ENDPLANE,
respectively (in the place of GRID and ENDGRID, which are used for grid data).

The plane is described with respect to its local U-V coordinates (the W coordinate value is fixed). The local
coordinate system is arbitrarily oriented with respect to the global coordinate system; furthermore, the edges of
the plane need not be paralldl. A typical .DAT filefor aplaneisgivenin Table5.2. Points0, 1, 2 and 3 are the
same asin thefigurein Section 5.5.1.

5.5.3 Points Data Files

This datafile consists of two input blocks: the SETUP block and the data block. Thefirst isthe same as was
described for GRIDS and PLANES; the second block begins with the keyword POINTS and ends with the
keyword ENDPOINTS. Each input linein this block gives a number (line number), the coordinates of a paint,
and the value of the variable at the point described by the coordinates. An exampleisgiven in Table 5.3.
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khkhkkhkhkhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhhhhdhkhhdhhhdhhhdhdhdhdhkhdhkhdhkrkhr*x*

SETUP

name = VELOCI TY
transform = north, up, east
read = strath. geo

coordi nate = conpass
info = strath.inf
ENDSETUP

hkhkkkhkhkhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhhhhhhhdhhhdhhhhdhdhdhkhdhkhdhkrkhr*x%

GRID

*

* GRID DEFINITION

* numu = nunber of grid cells in the Udirection (P0->P1)
* nunv = nunber of grid cells in the V direction (PO->P3)
* numw = nunber of grid cells in the Wdirection (PO->P4)
i L |- - - |- --- |- --- |

* PO PL P2 P3 P4 P5 P6 P7 |nunu | numy | numw |

‘I

9950 -2162.5 20550

9950 -2162.5 21250

9950 -2537.5 21250

9950 -2537.5 20550

10750 -2162.5 20550

10750 -2162.5 21250

10750 -2537.5 21250

10750 -2537.5 20550

785
khkkhkkhkhhkhkhhkhhkhhhhkhkhhhhkhhhhkhkhhhhkhdhhhkhkhhkkhhhhk k khkkkkkk k *,*,*,*x*x*x*%x%
* 0id Data is witten such that grid cell values in the U
* direction increnment the quickest, then V, then W

*

GRI D DATA

| | |
I#l North(X)I Up(Y)I

*

*

*

*

1 9950. 000000 -2162
2 9950. 000000 -2162
3 9950. 000000 -2162
4 9950. 000000 -2162
5 9950. 000000 -2162
etc etc

. 500000 20550. 000000 20. 364357
. 500000 20650. 000000 20. 361856
. 500000 20750. 000000 20.477411
. 500000 20850. 000000 20.711025
. 500000 20950. 000000 20. 829741

431 10750. 000000 -2537.500000 21150. 000000 20.949574
432 10750. 000000 -2537.500000 21250. 000000 20. 759338
ENDGRI D

Table5.1: A .DAT file example, for GRID data
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hkhkhkkhkhkhkhkhhhkhhhkhhhkhhhkhhhhhhkhhhhhdhhhdhhhdhhhdhdhdhdhrhhkrdhrrhkrx*

SETUP

nanre = SIGA 1

transform = north, up, east

read = neutrino. ex3

coordi nate = conpass

ENDSETUP

PLANE
khkkkhhkkkhhhkkhkkhhhkhhhkhhhhkhhhkhdhhkhdhkdddhhkhdhdxddhk*,dhk*x*dk*d hk*x*k *x*x%x*%
* nunu nunber of plane cells in the U direction (PO->P1)
* nunv nunber of plane cells in the V direction (PO->P3)
* PLANE DEFI NI TI ON

-45.7921 -12.6502 0.141164

45,9988 -12.6502 0.141164

45,9988 54.5573 -0.367933

-45.7921 54.5573 -0.367933

40 30
EE I R I IR b I R I R I I I I R I b IR b R b b I b b S b I b I I I b b b R b S b I b I b I b b b b b S b
* Pl ane Data
* Plane Data is witten such that values in the U direction
* increment the quickest, then V, then W

hkhkhkkhkhkhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhhhhdhhhdhhhdhhhdhhhhdhkrdhkhdhkrkkdr*x*

* PLANE DATA

R B EEEEEEEERNE R Rt |
*I #]1 North (X) | Up (Y) | East (2) | value
R R P EEE R TREEEREEE R EEROREE |- |
1 -45.7921 -12. 6502 0. 141164 95. 7532

2 -43. 4973 -12. 6502 0. 141164 95. 845

3 -41. 2026 -12. 6502 0. 141164 95. 9501

4 - 38.9078 -12. 6502 0. 141164 96. 0702

5 -36. 613 -12. 6502 0.141164 96. 2066
etc etc

1270 43. 704 54. 5573 -0. 367933 95. 7924
1271 45, 9988 54. 5573 -0. 367933 95. 709
ENDPLANE

Table5.2: A .DAT file example, for PLANE data
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khkhkkhkhkkhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhhkhhdhhhdhhhdhhhdhdhkhdhkrkhkrkk**x*%

SETUP

nane = SIGA 1

transform = north, up, east

read = strathpt.ex3

coordi nate = conpass

ENDSETUP

PO NTS
khkkhkhkkhhhkhkhkhkhkhkhhhhkhkhkhhhhdhhhkhkhhhkhhhhhkhkhkhkkhdhk k k khkxkkk )k, **x*x*%x
* PO NTS DATA

* coordi nates in NORTH, UP, EAST (X Y, Z) format

* |

*I #] North (X) | Up (Y) | East (2) | value

*

PR IR I I I R IR b R I b b b I I I b I I I b R b I R I S I I b I b IR b I b b I b R b S b b I b A b b b b I b
1 10542. 6 -2271. 08 21172 60. 6535
2 10769 -2258. 52 21246 35. 3479
3 10689. 5 -2272.17 21106.1 35. 9265
4 10422. 8 -2273.19 20538. 2 35. 2349
5 10508. 6 -2283. 31 20645. 1 35. 3146
etc etc

51 10912. 4 -2875.21 22274. 4 35. 7745
ENDPA NTS

Table5.3: A .DAT file example, for POINTS data

hkhkhkkhkhkhhhkhhhkhhhkhhhkhhhkhhdhhhdhhhhhhhhhhhhhhhhhhkhhhhhdhhhdhhhkhdhkhdhkdkk**x*%

SETUP

nanme = MOVENT TENSOR
transform = east, north, down
read = aeclnt.ex3

coordi nate = conpass

ei genval ue 1

ENDSETUP

TENSOR_ PO NTS

R R I I I I I I ITIIIIIT TS,

* coordi nates according to the current transform

Tensor is witten in the form

T11 , T12 , T13 , T22 , T23 , T33

where 1, 2,3 can be either NORTH, SQUTH, EAST, VEST, UP or DOMWN

ie. if transform= north,up,east then coordinates are witten as
NORTHI NG UP, EASTI NG and the tensor is witten as
TNN, TNU, TNE, TUU, TUE , TEE

NOTE: Tensors are obviously symetric!

khkkkhkhkhhhkhhhkhhhkhhhkhhhhhdhhhdhhhdhhhdhhhhhhhhhkhhhkhhhhhdhhhdhhhkhhhkhdhkdkkr*x*

* TENSOR DATA AT RANDOM PO NTS

*|

E o T R T

| #| X| Y| Z| Ti1| T12 | T13 | T22 | T23 | T33

* S [

1 761.0 438.3 123.3 -3624.5 1042.5 1532.7 -1660.3 -735.6 -3677.6
2 761.3 438.0 123.1 -2043.9 958.5 464.1 -1695.4 -1190.0 1131.3
3 760.8 437.9 123.5 -1347.2 -218.4 216.3 -378.7 424.5 -102.9
etc etc

37 759.5 436.5 123.7 -1086.6 627.4 23.8 -1464.6 -88.4  694.8
ENDTENSOR POl NTS

Table5.4: A .DAT file example, for TENSOR_POINT data
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5.5.4 Tensor_Point Data Files

TENSOR_POINT data files provide (stress) tensor data at random points; only six components are read at
each point, which is enough to accommodate symmetric stress tensors. Like the other two options, the file
begins with a setup section, which provides environment setup information for EXAMINE®. An example is
givenin Table5.4.

5.5.5 Additional Information File

The .INF fileis an information file that contains the data that appears in the Interpret Data Window. A typical
exampleis given below:

St rat hcona

Main Sil

FI ELD STRESS
const ant

sl = 36 : 288/18
s2 = 32 : 194/13
s3 =22 : 72/66
MODEL PARAM

el ements = 1378
nodes = 697
planes = 0

grids =1

Table5.5: A .INF file example

5.6 The .GEO File Format

A .GEO file provides a numeric description of the object under consideration by specifying the vertices (and
nodes) of polygons and polylines. These vertices exist within the 3 principal planes. For example, Table 5.6
describesthefigurein Fig. 5.1.

Thefirst line of integers provides a general summary of the object. The first integer gives the total number of
vertices (10) used to define the object and polylines; the second and third integers give the total number of
polygons (6) and polylines (1) respectively. Polyline vertices are counted separately even if they coincide with
other vertices.

The next input block, consisting of 3 columns of real numbers, provides the xyz coordinates for the vertices.
Each input line within this block defines a vertex; the order of input lines is used to define the connectivity of
the polygons in the next input block.
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perspective®##

[ o Y

u

E)\N
’ Build Build ’ Object . knalysis Field
File H Toolbox Polyline Objact H Pick H XFarm H Toals H View H Shade ‘ Param Points Return
MODEL EXAMINE 30 - A 30 GTRESS ANALYSIS PROGRAM EL: B NO: B

perspective®##

[ o Y

u

E)\N
’ Build Build ’ Object . knalysis Field
File H Toolbox Polyline Objact H Pick H XFarm H Toals H View H Shade ‘ Param Points Return
MODEL EXAMINE 30 - A 30 GTRESS ANALYSIS PROGRAM EL: B NO: B

Figure5.1: Triangular prism described by datain Table 5.5
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106 1
0-1-1
0-1 1
0 1 0
4 -1 -1
4 -1 1
4 1 O
0-1-1
0-1 1
0 1 0
0-1-1
31 4 2
32 4 5
32 5 3
33 5 6
33 6 1
31 6 4
47 89 10

Table5.6: A .GEO file example

The next input block, following the coordinates, provides data to describe the connectivity of the polygons.
Each line of input describes one polygon. The first integer gives the number of vertices used to form the
polygon; the remaining integers are the identification numbers for the vertices. Each identification number
represents a line of xyz coordinates. For example, the first line of this input block in Table 5.6 describes the
first polygonin Fig 5.1 as

3142

This implies that the polygon has three vertices; the 1st, 2nd and 3rd vertices correspond to the 1st, 4th and
2nd input lines, respectively, of the coordinates block. That is, the vertices of the polygon (atriangle) are:

1% 0-1-1
2nd: 4-1-1
3 0-11

The final input block provides data to describe the polylines. Each line of input describes one polyline. The
first integer gives the number of vertices on the polyline; the remaining integers, as in the case of the
polygons, are the identification numbers for the vertices. For example, the only input line for this block in
Table 5.6 describes the polylinein Figure 5.1 as:

478910

Thisimplies that the polyline has four vertices; the 1st, 2nd, 3rd and 4th vertices correspond to the 7th, 8th,
9th and 10th input lines, respectively, of the coordinates block. That is, the vertices of the polyline are:

1% 0-1-1
2nd: 0-11
3 010
4t 0-1-1
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6. Tutorial 1. Rectangular Tunnel

Note: Chapter 1 of this manual contains important introductory information on EXAMINE®®; please read it
before proceeding with the tutorials. The typographical conventions used in both the reference and tutorial
chapters are explained in Section 1.8.
In the tutorial chapters, indented text (like this paragraph) gives more detailed
explanations of a given exercise. They may be ignored during the first run through a
tutorial, in which case the user should go through the tutorial at least one moretime.
In this tutorial, the EXAMINE® MODELER will be used to generate a boundary element mesh for a
rectangular tunnel. The tunnel has a square section of side 4 m, in the U-E plane, and a length of 12 m in the
N-coordinate direction.
Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.
Select Modeler.
Select View + auto box mode.

Thefollowing is displayed in the dialogue box:

|C‘noose Mode (O=ALL GEOMETRY, 1=STRESS PO NTS, 2=USER DEFI NED) ?

The auto box mode function enables the user to specify a size and location for the view
windows. Let’s use this function to set starting dimensions for the windows.

Enter [2] <=

|Locate box corner #1 [N U E: vn=off, s=off, o=off]:

Enter [ =5,-5,-5 | = and dlick on el

|Locat e box corner #2 [N, U E: vn=of f, s=of f, o=of f]:

Enter [ 5:5,5 | <= and dlick onlco] .
A set of numbers, like (5 5 5), can either be separated by commas (,) or white spaces.

Select Toolbox + setup options, to obtain the SETUP OPTIONS menu.
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Click on Grid Spacing; then enter [2] <=
Click on Grids, totoggleit on.

Select Save, to effect these settings and exit from the menu. Note that grid lines can also be toggled on or off
by pressing the F7 keyboard function key.

Select Build Polyline + new polyline. The following appears in the dial ogue box:

|Se|ect Point [N, U E vn=off, s=off, o=off, c,u,i,e, 0]:

Press[s] .
Notice that the s-option in the dialogue box has changed to [s=on],

Move the mouse pointer to anywherein the lower left quadrant of the front view (E-U coordinate) window and
click the left mouse button.

Notice the red star formed at a grid intersection.

Move the pointer approximately horizontally from, and about two grid spaces to the right of the red star, and
click the left mouse button. Another red star is formed.

Move the pointer approximately vertically from, and about two grid spaces above the second red star, and click
the left mouse button. A third red star is formed.

Move the pointer approximately horizontally from, and about two grid spaces to the left of, the third red star,
and click the left mouse button. A fourth red star is formed. Notice the counter at the end of the dial ogue box
prompt is updated as the points are entered. It should now read 4.

Press/S], to close the polyline and exit from the new polyline function.

The blue square formed is the required polyling; it represents an outline of the rectangular tunnel section. The
grid lines can now be removed, as follows:

Select Toolbox + setup options. At the SETUP OPTIONS menu, toggle Grids off, and Select Save.
A polyline consists of a series of line segments in space, connected at vertices. The default
color of a polylinein EXAMINE® is blue, and the vertices are marked with blue stars. The
first vertex is marked with a solid green circle, and the second with a hollow green circle,
thus defining the order of the vertices.

In order to appreciate the difference between polylines and nodelines, let’s convert the polyline to a nodeline,
asfollows:

Select Build Palyline + polyline— nodeline.

|Pick Polyline to Convert:

Click anywhere on the polyline. The first segment of the polyline is highlighted in red, and the dial ogue box
requests:

|Ent er nunber of elenents for highlighted segnent[1]:
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A polyline represents a trace of the intersection of a structure (underground opening, in this
case) with a plane containing the polyline. It defines the geometry of the structure on that
plane. The number of segmentsin the polyline depends on the number of segments required
to describe this geometry satisfactorily. For example, four segments are good enough for a
rectangular opening. On the other hand, the number of boundary elements required on a
given section through a structure depends on other factors, such as the expected stress
gradient, as well as on the geometry. It is either equal to or more than the number of
segments required to define the geometry satisfactorily.

Therefore, whereas polylines are used to define geometry, nodelines are used to define
boundary element discretization. The number of segments on a nodeline is equal to or more
than the number of segments on the corresponding polyline. For this tunnel cross-section, let
each of the sidewalls be represented with two boundary € ements, and the roof and floor with
three elements each (per vertical section).

The highlighted segment is a trace of the tunnel floor. Therefore,
Enter [3] <=

The next highlighted segment is a trace of one sidewall. So,
Enter [2] <=

The next highlighted segment represents the roof.

Enter [3] <=

The next is the other sidewall.

Enter [2] <=

Notice that the color of the square has changed to light blue, the default color of nodelinesin
EXAMINE®. Light blue stars mark the positions of the boundary element nodes. Each
vertex of the original polyline has been converted to a boundary element node; in addition,
nodes have also been created between the polyline vertices, depending on the number of
elements requested for each polyline segment.

Notice the element EL and node ND counters at the lower right corner of the screen. ND has
been set to 10, because 10 nodes have been created. On the other hand, EL is still zero
because no element has been created. Surface e ements (triangles and/or quadrilaterals) are
required in 3D boundary element analysis. Although a nodeline is used to define the number
of elements intersecting a cross-section, other nodelines (out-of-plane from the section) are
required in order to actually form the boundary elements.

One way of doing this is to use the extrude function in the Build Object menu. The mesh
for the rectangular tunne will be generated by extruding the original polyline. Firgt, to
illustrate that polylines remain in place after they have been used to create noddlines, let’s
delete the noddline.

The nodeline should now be deleted, as follows:

Sdlect Pick + nodeline.

|Pi ck Nodeline [*=all; b=box; c=cbox; ESC=done]:
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Click on the nodeline. Notice that it is now highlighted in yellow, to indicate that it has been picked.
Select Object Tools + delete picked.
The nodeline disappears, leaving the polyline. Notice that the ND counter is reset to zero.

Select Build Object + extrude.

|Sel ect Curve to Extrude:

Click on the polyline. Notice that it is highlighted in yellow. Respond at the dial ogue box as follows:

|Enter/Pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

Enter [1 0 0] <= or Press <=, if the [default] is (1,0,0)

|Enter I ength of extrusion [default]:

Enter [12] <=

|Use default discretization (y):

The default discretization may at times be satisfactory. Accept it for now to see what it gives.
Press <+

When meshing is done, Select View + auto box mode; then Enter [0] <= to autoscaleto ALL
GEOMETRY.

A boundary element mesh of the rectangular tunnel has been formed by a northwise
extrusion of the original rectangular section. Two noddines, light blue, define the end
sections of the tunnel. The original polyline (darker blue) is still in place. The floor, roof,
and two sidewalls are each represented by four triangular elements. The end faces have not
yet been discretized. Notice that the counters EL and ND have been set to 16 and 12
respectively.

This discretization may be satisfactory for some problems, but do not accept it yet. So delete
the elements and nodelines, in order to repeat the extrusion in a different manner.

Select Pick + object. The following request appearsin the dial ogue box:

|Pick nject [*=all; ESC=done]

Click anywhere on the tunndl; then, when the above message is displayed again, press ESC to indicate that all
required objects have been picked.

Select Object Tools + delete picked.
The elements are gone. Notice the changesin the EL and ND counters.

Select Build Object + extrude. Respond at the dialogue box as follows:

|Sel ect Curve to Extrude:
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Click on the polyline.

|Enter/Pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

Enter [1 0 0] <=l

|Enter I ength of extrusion [default]:

Enter [ 12 | <=

|Use default discretization (y):

Enter N <=

The default discretization has been rejected. Therefore, it is necessary to supply the required
discretization.

Respond to the dialogue box as follows (the floor segment is currently highlighted):

|Enter discretization for red segnment[1]:

Enter [ 3 | <=

Next, the eastern sidewall segment is highlighted:
Enter |2 | <=

The roof segment is next highlighted:

Enter [ 3 | <=

The western sidewall is now highlighted:

Enter [ 2| <=

Thereafter the following request appears:

|Ent er nunber of divisions along length [2]:

Enter [ 6 | <=

The boundary element discretization of the roof, floor and sidewalls is now complete. Notice
that the counters EL and ND are now set to 120 and 70, respectively.

The end faces will now be discretized, to complete the mesh generation.

Select Build Object + face—

|Pick a CLOSED Nodel i ne:

Click on one of the nodelines (light blue). Notice that the [Go] buttons appear at the bottom right corner of
each window, in addition to the following dial ogue box request:
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|Pick interior CLOSED Nodel i ne [ Go=done] :

Click on any one [Go] putton. A new screen is displayed, showing the nodeline, with red stars marking the
positions of the nodes.

The Array Mesh function will be used to discretize this face. But first, explore the other
options to see what they do.

Select Automatic Mesh.
That’s a good mesh actually. The Automatic M esh function here does a good job most of the
time. However, the mesh on this face should conform with those on the sidewalls, roof and
floor. Therefore,

Select Reset to discard the discretization.

Select Radial Mesh. Not bad either. But,

Select Reset to discard this one aswell. Next,

Select Array Mesh.

Select Return. Then Select Yes.

One of the end faces is now discretized. Do the same for the other one, as follows:

Select Build Object + face—

|Pick a CLOSED Nodel i ne:

Click on the other nodeline.

|Pick interior CLOSED Nodeline [ Go=done] :

Click on[ce] .

Select Array Mesh.

Select Return. Then Select Yes.
The boundary element mesh for the tunnd is now done. The object check function in the
Toolbox menu should now be used to ensure that the mesh satisfies some basic rules.

Proceed as follows:

Select Toolbox + object check. Then continue according to the following dial ogue:

|Check obj ect, element, and node nunbering (y):

Press <+

|Check for zero area elenments (y):

Press <+
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|C‘neck triangul ar el enent base/ height ratios (y):

Press <=

|Maxi mumratio = [rnax]; elenent nunber [Nel] -- Press Enter to Continue

Press <+

|C‘neck for invalid overlapping elenents (y):

Press <+

|C‘neck for invalid intersecting elenents (y):

Press <=

[Check for Ieaky objects (y):

Press <+

|Geometry is NOT LEAKY |

Splendid!

The mesh is now satisfactorily complete. In order to formulate a problem which can be
submitted to COMPUTE®>®® for solution, two more things need to be done: define the in
Situ stresses and material properties, and define locations within the rock mass at which
stresses and displacements should be computed. These tasks will be treated in another
tutorial. However, this mesh may be needed later; therefore, save it as a .GEO file. The
polylines and nodelines are no longer needed. So they should be discarded before saving the
mesh. Proceed as follows:

Sdlect Pick + palyline.

|Pi ck Curve [*=all; b=box; c=cbox; ESC=done] :

Press[+].

Select Pick + nodeline.

|Pi ck Nodel i ne [*=all; b=box; c=cbox; ESC=done] :

Press/*].
Select Object Tools + delete picked. Only the elements are | ft.
Select File + savefile.

Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Then in the File name
edit box:

Enter [TUT01] <= Wait.
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Sdlect Return.
Select Exit.
Sdlect Yes.

Congratulationg!

CHAPTER 6. TUTORIAL 1: RECTANGULAR TUNNEL
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7. Tutorial 2: Circular Tunnel

In thistutorial, a boundary element mesh will be generated for a horizontal 4 m diameter tunnel, 20 m long in
the North-South direction. The mesh density along the circumference will be the same everywhere; on the
other hand, the axial density of the mesh will be finer within 2 m of each tunnd end, than in the middle 16 m.
Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler.

Set Grid Spacing to 2, and toggle Grids on, via Toolbox + setup options.

Select Build polyline + new polyline.

|Se|ect Point [N, U E vn=off, s=off, o=off, c,u,i,e, 0]:

Press| 1] to enter circle-drawi ng mode.

|[Enter circle radius [default]:

Enter [2] <=

|Enter nunber of |ine segnments/circle [8]:

Press <+

Select View + autoscale to see the results.
A blue circle appears. It is drawn in the N-U plane, centered at (0,0,0). This is the default
position for circles in EXAMINE®. The desired position of the circle can be obtained by
rotating and/or moving this one. Firgt, refine the geometry of the circle by increasing the
number of segments on the polyline.

Select Object Tools + delete all.

|This will delete everything, Are You Sure ?

Only one polyline has been created, and you do want to deleteit. Therefore,

Sdlect Yes
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Select Build Polyline + new polyline.

|Se|ect Point [N, U E wvn=off, s=off, o=off, c,u,i,e, 0]:

Press [1].

|[Enter circle radius [default]:

Enter [2] <=

|Enter nunber of |ine segnents/circle [8]:

Enter [12] <=
The circle 1ooks better now. Notice the solid and hollow green circles, which indicate the
counter-clockwise order for the vertices. Before rotating the circle to its desired position, use
the View + loc & dist function to explore its current position.

Sdlect View + loc & dist

[P1(0,0,0)[N,U E: vn=off, s=off, o=off]:

Move the mouse pointer to anywhere near the center of the circle in the N-U plane (right view) window and
click the left mouse button.

Note the coordinates of the point, printed on the prompt line.

Now pr&s@ to toggle grid snap on.

Again, click at any point near the center of the circle in the N-U plane (right view) window.
Notice that the coordinates are now given as (0,0,0) in the prompt line.

The grid snap function returns the coordinates of the grid intersection closest to the clicked
point (the position of the mouse pointer when the left mouse button is clicked).

Press/EsCl to exit from the View menu.

Select Pick + palyline.

|Pick Curve [*=all; b=box; c=cbox; ESC=done]

Click on the polyline and press/Esc] .

Notice the large green star formed at the center of the circle. It is the pivot of the polyline.
All trandations and rotations specified for the polyline will be measured relative to the pivot
point.

Select Xform + rotate.

|Enter CCWRot. [deg NUE, Go=done, ESC=abort]:

The prompt line informs that:
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(i) therotation will be applied counter-clockwise (CCW);

(ii) the rotation is defined in terms of three numbers, which represent the magnitudes of
rotation in degrees about the N-coordinate, U-coordinate, and E-coordinate axes,
respectively. o

(iii) The rotation applied (so far) can either be accepted by clicking on |52, or every rotation
can be canceled by pressing [2s<],

First rotate the circle 90 degrees counter-clockwise about the U-axis, to see what happens.

Enter [0 90 0] <=l

Press/Esc

The circle is rotated to the correct position, i.e, it is now in the E-U plane (normal to the
proposed tunnel axis). But notice that the polyline vertices are ordered clockwise (the first
vertex is at the western-most point of the circle). A counter-clockwise ordering of polyline
verticesis preferred. Therefore, cancel thisrotation and start again.

Select Pick + palyline.

Click on the polyline and press/Esc] .

Select Xform + rotate.

Enter [0 =20 0] <=

Click on[Selto accept the current position.

Make three copies of this polyline, centered at (2,0,0), (18,0,0) and (20,0,0), respectively, to
locate the two tunnel ends (N=0 and N=20 m) and the positions at which the axial mesh
density will change (at N=2 and N=18 m).

Select Pick + polyline and click on the polyline.

Select Xform + copy.

|Enter Rel. Displ. of Copy [N, U E vn=off,s=off, o=off]:

Notice that the pivot is highlighted (red center), indicating the point relative to which all
trandations defined here are measured. The dialogue box informs that a copy of the polyline
will be made and placed at a distance from the pivot, defined by the N,U,E trandation
components. All copies made can be accepted by clicking on [2|, or all copies canceled by
pressing [Zs¢].

Enter [2 0 0] <=

Enter [18 0 0] <=

Enter [20 0 0] <=

Click onlco] .



130 CHAPTER 7. TUTORIAL 2: CIRCULAR TUNNEL

The copies have been made, but two of them are outside of the current view windows.
EXAMINE®® automatically extends the coordinate axes to accommodate things as they are
defined. But the current view window is not automatically extended. Use the autoscale
function to bring everything into view.

Select View + autoscale.
Toggle Grids off, via Toolbox + setup options (or by pressing F7).

In Tutorial 1 the geometry and boundary element discretization of the tunnel surface were
defined by extruding a square polyline. That procedure works best when both the geometry
and boundary element discretization do not vary along the extrusion axis. For the current
tunnel, although the geometry of the tunnel section is the same everywhere, the boundary
element mesh is desired to be denser (axially) near the tunnel ends than in the middle part.
Polylines have been placed at the points along the tunnel axis where the mesh density will
change. The mesh will be generated by wrapping a skin around the polylines, beginning at
one end and proceeding section by section towards the other end. This is accomplished using
the skin function in the Build Object menu.

It will be better now to maximize (i.e., fill the screen with) one view window at a time, in
order to see the objects more clearly. Explore the possibilities first.

Move the mouse pointer to anywhere within the greenish bar at the top of the perspective (upper right)
window. Click the left mouse button.

The perspective view window is maximized. In this window N-coordinates increase
approximately diagonally, from the top left to the bottom right corners of the screen.
Therefore, the southern end of the tunnd is defined by the polyline closest to the top left
corner, whereas the northern end is defined by the one closest to the bottom right corner.

Click on the greenish bar at the top of the window to return to multi-view display.

This works for all windows. When all four windows are in view, any one can be maximized
by clicking on its top greenish bar. Also, when only one window is in view, clicking on the
top greenish bar restores multi-view display.

Y ou can now choose any of the windows to work in, except that the front view (i.e., the E-U
coordinate) window is not a good choice for the following exercise. The perspective window
isrecommended, and it will be assumed that the user isworking in this window.

Click on the greenish bar at the top of the perspective window to maximize it once more.

Sdlect Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the southern-most polyline (the one closest to the top left corner of the screen).

|Pi ck a skin polyline [1 picked, Select Go when done]:

Notice that the information in the dialogue box has changed from k-0 picked. .| to

| ..1 picked..]|

Click on the next polyline (closest to the southern-most one).

\Pi ck a skin polyline [2 picked, Select Go when done]:
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Click onlco] .

|Use default discretization (y):

Enter [2] <=

|Enter # of interp. sections between red sections [default]:

The number of interpolation sections is 1 less than the number of transverse layers of
boundary elements between the highlighted polylines. The two polylines are 2 m apart. Let
the axial dimension of the transverse layers (of elements) be 0.5 m in this region, which
implies 4 layers. Therefore the number of interpolation sectionsis 1 lessthan 4, that is 3.

Enter [3] <=

Three new polylines are placed between the selected two, dividing the distance between them
into 4 equal parts. The dialogue box requests as follows:

Enter discretization for red segnent [default]:

The circumferential discretization for this region is now requested. Recall that there are 12
segments in each polyline. The default discretization is 1 axial strip of boundary el ements
per polyline segment, which gives 12 strips around the tunnel perimeter. Accept this default.
The above dialogue box request will appear 12 times, one for each polyline segment.

Press <! in response to each of the 12 requests.

Notice that the EL and ND counters (bottom right corner of the screen) have been set to 96
and 60, respectively, indicating that 96 el ements and 60 nodes have been created.

Select Build Object + skin to continue the mesh generation.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the polyline at 2 m from the south tunnd face (that is, the one which marks the boundary between the
meshed and unmeshed regions).

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the next polyline (the one at 18 m from the south face).

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

Enter [2] <=

|Enter # of interp. sections between red sections [default]:
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The two sdlected polylines are 16 m apart. Let the transverse layers (of elements) be 2 m
thick, that is 8 layers, in thisregion. Then the required number of interpolation sectionsis 7.
Enter [7] <=
Notice that you are no longer asked to specify the circumferential discretization. It has to be
the same asin the first region. It is valuable to pause again to examine the e ements formed
so far. Notice that EL and ND have been set to 288 and 156, respectively.

M aximize the perspective view window if it is not already maximized. Then,

Select Build Object + skin to continue the mesh generation.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the polyline at 18 m from the south tunnel face (that is, the one which marks the boundary between
the meshed and unmeshed regions).

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the polyline at the north face.

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

Enter [2] <=

|Enter # of interp. sections between red sections [default]:

Enter [3] <=

The cylindrical surface is now fully discretized. Notice that the four original polylines are
still in place, along with superimposed nodelines (light blue) formed during the
discretization process. On the other hand, the interpolation polylines were not left in place.
Now use the face function to discretize the tunnel faces.

Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the south tunnel face.

|Pi ck interior CLOSED nodeline [ Go=done]:

Click onS2], and the FACES screen appears.
Sdlect Automatic Mesh.

Select Retur n; then select Yes.
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Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the north tunnel face.

|Pick interior CLOSED nodeline [ Go=done]:

Click on[ce] .

Select Automatic Mesh.

Select Return; then select Yes.

Return to multi-view display.
Thisis agood point to take a break if you so desire. First save the mesh in a .GEO file, and
retrieve it when you are ready to continue with the tutorial. The retrieval process is not
presented here.

Select File + savefile.

Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Then in the File name
edit box:

Enter [ TUTO02 | <=

It isagood idea to aways run the object check function on a newly generated mesh, before
proceeding to do anything with it.

Select Toolbox + object check. Then continue according to the following dial ogue:

|Check obj ect, element, and node nunbering (y):

Press <+

|Check for zero area elenments (y):

Press <=

|Check triangul ar el enent base/ height ratios (y):

Press <+

|thinun1ratio = [rmax]; element number [Nel] -- Press Enter to Continue

Press <+

|Check for invalid overlapping elenents (y):

Press <=

|Check for invalid intersecting elenents (y):
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Press <+

[Check for Ieaky objects (y):

Press <+

|Geometry is NOT LEAKY

Splendid!
The polylines and nodelines are no longer needed. Y ou can delete them now, as follows.

Select Pick + palyline.

|Pick curve [*=all; ESC=done]:

Press[+].

Select Pick + nodeline.

|Pi ck Nodeline [*=all; ESC=done]:

Press/*].
Select Object Tools + delete picked. Only the elements are | ft.
Select File + savefile.

Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Then in the File name
edit box:

Enter [ TUTO02 | <=

A dialog box will appear asking you whether you want to overwrite the existing tut02.geo file. Select the Yes
button.

The boundary element mesh generation is now complete. However, in order to fully describe
the problem to be submitted to COMPUTE®®®M it is necessary to define the field stress and
material properties.

Select Analysis Param + compute3d stats. The following self-explanatory message appears in the dialogue
box:

[Menory required for analysis = 3 MB |

Select Analysis Param + enter parameters.

The MODEL PARAMETERS screen appears.

The top two fields are for the elastic parameters, showing default values of 30000 MPa for
Young's modulus and 0.25 for Poisson’s ratio. You can change any of these values by
clicking on it, typing the new value, followed by <. If you click on a value and press <+
without typing any new value, the existing value reappears.
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The next lower field allows the stress field to be specified either in terms of constant
magnitudes of stress components (CONSTANT option) or in terms of products of unit
weight, depth below the surface, and horizontal to vertical stress ratios (GRAVITATIONAL
option). The CONSTANT option isthe default.

Click on|_GRAVITATIONAL | g see what happens. Then click on [_consTant |t accept the default.

The next three lower fields describe the principal compressive stress components SIGMA 1,
SIGMA 2 and SIGMA 3. For each stress component, the value in MPa, direction in degrees
(from North) and the dip in degrees (inclination from horizontal) must be entered.

Click on the value of SIGMA 1, then

Enter [45 ] <=

Click on the value of SIGMA 2

Enter [ 34 ] <=

Click on the value of SIGMA 3

Enter [ 15 ] <=
The values of the in situ principal stress components are thus set to 45, 34 and 15 MPa,
respectively.
Theremaining fields are really not required for the analysis; they are only needed for certain
interpretations of the computed stresses. Leave thisasisfor now.

Click on Save.

The mesh may at this stage be submitted to COMPUTE®*>® but there will be no results to
look at. It is necessary to define explicitly a series of field points at which stresses should be
computed. The grid lineswill be useful for this exercise.

Return to multi-view display if any one view is currently maximized.

Select Toolbox + setup options; set Grid Spacing to 2; toggle Grids on; then Select Save.

Select Field Points + add points.

| Enter | nput Method (1l=pl ane, 2=3pt pl ane, 3=grid, 4=fil e, 5=pt, 6=line) [default]:

The dialogue box informs that the field points can be described as follows: By defining a
plane which can either be rubber-banded in on the screen (option 1), or defined by giving
the coordinates of three corners (option 2). A grid box can also be defined (option 3); also,
the coordinates of a series of field points can be given in an ASCII file---the .PTS file (option
4). A single point (option 5) or a series of points aong a line (option 6) can also be defined.
The grid box option is demonstrated in thistutorial.

Enter [ 3] <=

|Locat e box corner #1 [N, U E: vn=off, s=of f, o=of f]:
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The grid box can be defined by explicitly giving the N-U-E coordinates of any two
diagonally opposite corners, or by entering the two points on the screen with the mouse. The
second method is demonstrated here; it helps illustrate one power of the multiple view
windows.

First, define a box with the tunnel centered inside it, extending 6 m beyond the tunndl in the
E-U plane, and 4 m beyond the tunnel ends (in the N direction).

Press|$ | to toggle grid snap on.
In the front view (E-U coordinate) window, click on a point 8 m west of, and 8 m below, the tunnel centerline.

A red star isformed at the point. Notice the position of thered star in the right view (N-U coordinate) window.
Its U-position is correct, but the N-position needs adjustment.

In the right view window, click on a point 4 m south of the tunnel, and on the same horizonta line as the
current position of the star in this window.

Notice that the position of the star in the right view window has changed to the new point
clicked; on the other hand, its position in the front view remains unchanged. That is because
only the N-position has changed; the E- and U- positions have not.
The N-U-E coordinates for one extreme corner of the box has now been correctly defined. Check to see that
this is so; otherwise, adjust the point as desired, using the front view and right view windows as necessary.
Then
Click on 5] to accept this point.

Notice that it turns yellow. The following message appears in the dial ogue box:

|Locate box corner #2 [N, U, E: vn=off, s=on, o=off]:

In the front view (E-U coordinate) window, click on apoint 8 m east of, and 8 m above, the tunnel centerline.
A yellow sguare formsin the E-U plane, showing the outline of the box in this plane.

In the right view (N-U coordinate) window, click on a point 4 m north of, and 6 m above, the tunnd. A yellow
rectangle also formsin this plane, showing the outline of the box in the N-U plane.

Check to see that the dimensions of the box are as desired. Then click on 2] to accept the poaint.

The box turns red, and one of the sides is highlighted yellow. Respond as follows to the
dialogue box requests:

|Enter nunber of divisions in u direction [default]:

Press <! to accept the default.

|Enter nunber of divisions in v direction [default]:

Press <! to accept the default.

|Enter nunber of divisions in wdirection [default]:
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Press <= to accept the default.

Toggle Grids off, via Toolbox + setup options.

Select View + autoscale to bring everything into view in every window.

Select Field Points + intern vis on for afull display of the grid box.

Select Field Points + intern vis off to turn off theinternal grid of the grid box.
Select Field Points + edge vis off to hide the outline of the grid box.

Select Field Points + edge vis on to bring it back on.

The computation of field point responses consumes a lot of time in boundary eement
analysis. On the other hand, if the field points are too far apart, the computed results may
lead to an incorrect assessment of the rock mass response. Therefore, it is necessary that the
grid box be as small as possible and the grid lines as closely spaced as necessary. In order to
achieve this, the grid box should be located only where it is needed. For example, advantage
should be taken of any symmetries which exist in a structure in locating the grid box.

A grid box which exploits all the planes of symmetry in the present tunnd will now be
defined. The box will enclose only the upper NE octant of the tunnel, extending 6 m to the
east beyond the tunnel, 6 m above the tunnel, and 4 m to the north beyond the tunnel. First
discard the current grid box.

Select Field Points + delete points.

|Se| ect plane/grid/pts to delete [*=all, ESC=abort]:

Enter [+] <=
Select View + autoscale.
Toggle Gridson again, using Toolbox + setup options.

Select Field Points + add points.

| Enter | nput Method (1l=pl ane, 2=3pt pl ane, 3=grid, 4=fil e, 5=pt, 6=line) [default]:

The default option is now 3. So press <! to accept the default.

|Locat e box corner #1 [N, U E: vn=off, s=of f, o=of f]:

Press[=] to toggle grid snap on.

In the front view window, click on a point 6 m above the tunnel, on the vertical line passing through the center
of the tunnel section.

Notice that the red star is properly located in both the right view and front view windows.

Click on S to accept the point.

|Locate box corner #2 [N, U, E: vn=off, s=on, o=off]:
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In the front view window, click on a point 6 m east of the tunnel, on the horizontal line passing through the
center of the tunnel section. A yellow square formsin the E-U plane.

In the right view window, click on a point 4 m north of the tunnel end, on the horizontal tunne axis. A yellow
rectangle also formsin the N-U plane.

Check that the dimensions and locations of the square in the E-U plane and the rectangle in
the N-U plane are consistent with the dimensions and location of the required grid box.

Click onlco] .

|Enter nunber of divisions in u direction [11]:

Press <! to get 0.5 m spacing in the highlighted direction.

|Enter nunber of divisions in v direction [12]:

Press <

|Enter nunber of divisions in wdirection [20]:

Press <=
Toggle Grids off.
Select View + autoscale.
The mesh is now ready to be submitted to COMPUTE*PBEV
Select File + savefile.

Select the EXAMINE-3D Analysis File Format (*.ex3) from the Files of type drop down list. Then in the File
name edit box type tut02.ex3 as the filename.

Wait for the message[Done Storing] o appear; then
Select Return.

Select Exit.

Select Yes.

Congratulations! Y ou have successfully completed Tutorial 2, during which you generated a boundary el ement
mesh for a 20 m long circular tunnel, defined the stress analysis problem for the tunnel (for the boundary
element program COMPUTE®"®&") ‘and learnt some of the basic toolsin the M odeler part of EXAMINE®P.

Y ou can now submit the problem to COMPUTE®®®&M by sdlecting the COMPUTE® icon in the

Start — Rocscience - Examine3D menu. Follow the directionsin section 4.1 for running the analysis. It will
take some time, so you should submit it when you are sure that you will not need your computer for awhile.
The analysis results will be stored in afile tut02.res, which will be required in a subsequent tutorial.
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Figure 8.1: Starting polylinesfor Tutorial 3
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Mesh generation for an irregular opening will beillustrated in this tutorial. The geometry of such an opening

is usually defined starting from a series of “plans” or “blue prints”, which describe individual sections through
the opening. Each section can be converted to a polyline, by defining a series of segments which describe the
geometry of the section as closely as possible. EXAMNlaces certain restrictions on the number of
segments on each polyline. The nature of these restrictions depends on how the polylines will be connected to
define the three-dimensional geometry of the opening. These restrictions are best explained through examples,

the first of which is the subject of this tutorial.
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Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.
Sdect Modeler .
Select File + append to model.

Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Then in the File name
edit box:

Enter [_TUT03 | <p=d

Alternatively (instead of typing TUTO3 <) you can click on TUTO3 to sdlect it and then
select the Open button.

A group of polylines is displayed (compare with Figure 8.1). The polylines describe an opening with an
approximately E-W longitudinal axis.

Click on the greenish bar at the top of the perspective view window, to maximize the window.

Recall that the E-coordinate increases approximately diagonally from the top right to the bottom left corners of
the screen.

There are two groups of polylines: the western-most three, which define three cross-sections of a larger
opening (the main excavation), and the other four, which define four cross-sections of a smaller opening (the
adit).

Notice that the three western-most polylines have 13 vertices each, whereas the other four have 10 vertices
each.

Notice that the third polyline (counting from the west end) of the first group, and the first polyline of the
second group overlap (i.e., they share some vertices).

Select Pick + palyline.

|Pi ck Curve [*=all; b=box; c=cbox; ESC=done]

Click anywhere in the upper end of the third polyline of the first group. Notice which polyline is highlighted.
Click on it again to desdlect it.

Next, click anywherein the lower end of the same polyline. Which oneis highlighted? Click at the same point
over and over, observing which polyline is highlighted. Now desdlect everything, by clicking until none is
highlighted.

When two polylines overlap, the only way to select a particular one is to click on one of its
exclusive segments (i.e., those not shared with the other polyling). In this example, the
exclusive segments for the larger polyline are those which lie above the smaller polyline; on
the other hand, for the smaller polyline, the exclusive segments are those inside the larger
polyline,

Now click on one of the exclusive segments of the larger polyline. Click on it three more times and observe
what happens each time.
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Next, click on one of the exclusive segments of the smaller polyline. Click on it three more times and observe
what happens each time.

Ensure that nothing is highlighted, then press[£sc] .

The two overlapping polylines in this example define a transition face. It marks a sudden
change in the geometry of an opening. In this example, an adit is extended ahead of a larger
(main) excavation.

The polylines which define sections of the adit have 10 vertices each; so they can be skinned
together to define the geometry of the adit. Similarly, the polylines which define sections of
the main excavation have 13 vertices each, and they can be skinned together to define the
geometry of the main excavation.

On the other hand, the two groups of polylines cannot be skinned, because the number of
vertices per polyline is different for each group. Therefore, the connection between the two
arms of the opening is defined by the transition face.

Select Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the eastern-most polyline (east end of the adit).

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the second polyline (counting from the east end).

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click on thethird polyline.

|Pi ck a skin polyline [3 picked, Select Go when done]:

There are two overlapping polylines at the next location. The only one that can now be
selected is the one consistent with those already selected; that is, the smaller of the two. It
will be selected by clicking on one of its exclusive segments. Clicking anywhere else will
produce no response.

Click on one exclusive segment of the smaller one of the two overlapping polylines.

|Pi ck a skin polyline [4 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

The default discretization is recommended for irregular openings. Therefore,

Press <+

|Enter mesh density factor [1]:
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The fineness of a mesh (in the default discretization) can be controlled using the mesh
density factor. Its default value is 1. Values larger than 1 give finer mesh (more eements),
whereas values smaller than 1 give coarser mesh (fewer elements). Accept the default for this
example.

Press <+

[Continue with El ement Generation? (y):

Notice that the interval between the first two (eastern-most) polylines has been divided into
two, the next interval is divided into three, and the last one is also divided into three. The
original polylines are highlighted (yellow); the blue ones between them are temporary
interpolation polylines.

Press <

A message appears indicating that element generation isin progress. When the generation is
done, the message disappears, the interpolation polylines are removed, and the elements are
shown. Notice that the EL and ND counters have now been updated.

The surface of the adit has been discretized. Proceed with the main excavation, as follows:

Select Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on an exclusive segment of the larger polyline at the transition face; that is, the eastern-most end of the
main excavation.

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the next polyline (going westwards).

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click on the last polyline (west end of the main excavation).

|Pi ck a skin polyline [3 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

Press <=

|Enter mesh density factor [1]:

Press <+

Notice that five interpolation polylines appear, which, with the three selected polylines, give
atotal of 7 interpolation sections.

Continue with El enent Generation? (y):
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Press <!

The excavation surface has now been discretized, except for the end faces. There are three
faces to be discretized: (1) the east end face of the adit, (2) the west end face of the main
excavation, and (3) the portion of the transition face above the adit.

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the nodeline at the east end of the adit.

|Pick interior CLOSED Nodeline [Go = done]:

Click on[S]. The FACES screen appears.
Select Automatic M esh. Wait. When the face is shaded, showing the elements generated,

Select Return; then Select Yes to accept the discretization. A message appears indicating that the element
datais being saved. Thereafter the perspective window returns.

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the noddline at the west end of the main excavation.

|Pick interior CLOSED Nodeline [Go = done]:

Click on [S2] to obtain the FACES screen.
Select Automatic M esh. When meshing is done,
Sdlect Return; then Select Yes.

It is time to discretize the transition face. The process is basically the same as for the other
faces, but there is an important difference.

Select Build Object + face—

|Pick a CLOSED Nodeline

Click on the exclusive part of the larger nodeline at the transition face.

|Pick interior CLOSED Nodeline [Go = done]: |

Notice that the sdlected nodeline is highlighted. In contrast to the faces discretized
previoudly, the transition face is delineated by two overlapping nodelines (superimposed on
the two overlapping polylines). Therefore, it is necessary to identify (pick) the second
nodeline which compl etes the boundary of the face.

Click on the exclusive part of the smaller nodeline at the transition face. Notice that it also gets highlighted
(after clicking on it).
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|Pick interior CLOSED Nodeline [Go = done]:

Click on [S2]to obtain the FACES screen.
The two overlapping nodelines are shown. Those nodes which bound the face to be
discretized are marked with red stars. The rest are marked with yellow circles (yellow
outline, red interior).

Sdlect Automatic M esh. When the discretization is done,

Select Return; then Select Yes.

The mesh generation is now complete. Shade the excavation surface and ends, to view its
three-dimensional picture. It isfaster if the eements are hidden.

Select Shade + shade options.

At the SHADE OPTIONS menu, toggle Elements off; then Select Save. Thereafter,

Select Shade + quickshade, and wait.

The glory of your work shines on the screen. You can now see why it was necessary to use at least three
polylines to define the geometry of the main excavation. You can aso see the shape of the intersection of the
adit with the main excavation.

Press/Esc]

Click on the greenish bar at the top of the screen to bring all four view windows back (we have been working
in the maximized perspective window).

Select Shade + quickshade again.
Only onewindow is shaded at atime. Click in any one window to get a shaded view through it.

The E-U view window clearly shows the vertical nature of the transition face. The use of the
two overlapping polylines demonstrated here is most appropriate for this type of junction.
The geometry of the junction would have been missed if the two arms of the excavation were
connected with mutually skinnable polylines.

This mesh will not be used for analysis. But run an Object Check on it, following the procedure described in
the first two tutorials. Thereafter, discard it using Object tools + delete all. Then proceed to Tutoria 4, for
another example on transition faces.
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9. Tutorial 4: En Echelon Stopes
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Figure 9.1: Starting polylinesfor Tutorial 4

In this tutorial, a boundary element mesh will be generated for a series of stopes, arranged in en echelon
pattern, following an eastward dipping ore body. Only three of the stopes are shown in the example. The
contact between adjacent stopes illustrates another category of transition faces.

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler.

Select File + append to model.

Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Click on TUTO04 to
select it and then press the Open button.
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A group of rectangular polylines is displayed (compare with Figure 9.1). Each set of three
consecutive polylines, beginning from one end, represents a stope; each stope being at a
lower elevation than the one immediately to its west. There is a 50 m overlap (in the U
direction) between the polyline representing the east end of a stope and the one representing
the west end of the next stope.

Click on the greenish bar at the top of the front view (E-U coordinate) window, to maximize it.

Select Toolbox + setup options; set Grid Spacing to 100; toggle Grids on; then Select Save.

The relative elevations of the three stopes, and the nature of their overlaps are wel
illustrated in the resulting display.

Toggle Grids off, via Toolbox + setup options.
Click on the greenish bar at the top of the screen to return to multi-view display.
Then, maximize the perspective view window.

Select Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the eastern-most polyline.

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the next polyline (second from the east end).

|Pi ck a skin polyline [2 picked, Select Go when done]:

There are two overlapping polylines at the next location. Click on (an exclusive segment of) the lower
polyline,

|Pi ck a skin polyline [3 picked, Select Go when done]:

Ensure that the three highlighted polylines are consecutive; then,

Click onlco] .

|Use default discretization (y):

Press <=

|Enter mesh density factor [1]:

Press <! to accept the default mesh density factor of 1.

[Continue with El ement Generation? (y):
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Notice that 4 interpolation sections have been formed, using two temporary interpolation
polylines and the three selected polylines. If you entered [2| <= in response to the dialogue
box request, the interpolation polylines would be removed, the original sdlected polylines
would be deselected, and the program would exit from the Build Object menu. In that case,
you would have to repeat the process, starting from “SBlgaéd Object + skin”.

The proposed discretization will becgpted. Therefore,

Pressd—

SelectBuild Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Two polylines overlap at the junction of the meshed and unmeshed zones; click on the upper one.

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the next polyline to the west.

|Pi ck a skin polyline [2 picked, Select Go when done]:

There are two overlapping polylines at the next location. Click on the lower one.

|Pi ck a skin polyline [3 picked, Select Go when done]:

Ensure that the three highlighted polylines are consecutive; then,

Click onlce] .

|Use default discretization (y):

Pressd—

|Enter mesh density factor [1]:

Press<—! to accept the default mesh density factor of 1.

[Continue with El ement Generation? (y): |

Notice that 4 interpolation sections have been formed, using two temporary interpolation
polylines and the three selected polylines.

Pressd—

SelectBuild Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the upper polyline, at the junction of the meshed and unmeshed zones.

|Pi ck a skin polyline [1 picked, Select Go when done]:
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Click on the next polyline to the west (second polyline from the west end).

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click on the polyline at the west end.

|Pi ck a skin polyline [3 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

Press <=

|Enter mesh density factor [1]:

Press <! to accept the default mesh density factor of 1.

[Continue with El ement Generation? (y): |

There should be 4 interpolation sections, formed from two temporary interpolation polylines
and the three selected polylines.

Press <

The E-N and E-U surfaces of the stopes have been discretized. Proceed with the faces as
follows:

Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the east face of the eastern-most stope.

|Pi ck interior CLOSED nodeline [Go = done]:

Thisfaceis defined by one nodeline. Therefore,
Click on [S2] to obtain the FACES screen.

This face is a good candidate for the Array Mesh option, which is recommended when the
nodes on a face can be joined to form arectangular pattern.

Select Array Mesh.
When meshing is done, Select Retur n; then Select Yes.
Next, discretize the other end face.

Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the west face of the western-most stope.
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Pick interior CLOSED nodeline [G = done]:

Thisfaceis defined by one nodeline. Therefore,
Click on 52 to obtain the FACES screen.
Select Array Mesh.
When meshing is done, Select Retur n; then Select Yes.

The transition faces will now be discretized. Each transition face consists of an upper face
and alower face separated by a rectangular opening.

To discretize the upper face, pick the upper nodeline first, then pick the lower nodeline as
theinterior nodeline.

To discretize the lower face, pick the lower nodeline first, then pick the upper nodeline as
theinterior nodeline.

Proceed as follows:

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the upper nodeline, at the junction of the eastern-most and middle stopes.

|Pick interior CLOSED Nodeline [Go = done]:

Click on the lower noddline at the same junction.

|Pick interior CLOSED Nodeline [Go = done]:

Ensure that both nodelines at this transition face are highlighted; then
Click on 52 to obtain the FACES screen.

The Array Mesh option is not permitted on transition faces. Therefore,

Select Automatic Mesh.

When meshing is done, examine the mesh to seeif the elements are of the same general size,
more or less. If not, exploit the randomness of the Automatic Meshing process as follows:
first Select Reset to discard the mesh; then Select Automatic M esh again; repeat the process
until the mesh appears satisfactory. Thereafter,

Select Return; then Select Yes.
Next, discretize the lower face.

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the lower nodeline, at the junction of the eastern-most and middl e stopes.
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|Pick interior CLOSED Nodeline [Go = done]:

Click on the upper nodeline at the same junction.

|Pick interior CLOSED Nodeline [Go = done]:

Ensure that both nodelines at this transition face are highlighted; then
Click on 52 to obtain the FACES screen.
Select Automatic Mesh.

Adjust the mesh if necessary, using the Reset and Automatic M esh functions, as was explained above. When
meshing is done,

Select Return; then Select Yes.
Now discretize the upper face of the remaining transition face .

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the upper nodeline, at the junction of the western-most and middle stopes.

|Pick interior CLOSED Nodeline [Go = done]:

Click on the lower noddline at the same junction.

|Pick interior CLOSED Nodeline [Go = done]:

Ensure that both nodelines at this transition face are highlighted; then
Click on 52 to obtain the FACES screen.
Select Automatic Mesh.
Adjust the mesh if necessary; then
Select Return; then Select Yes.
For the lower face,

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the lower nodeline, at the junction of the western-most and middle stopes.

|Pick interior CLOSED Nodeline [Go = done]:

Click on the upper noddline at the same junction.
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|Pick interior CLOSED Nodeline [Go = done]:

Ensure that both nodelines at this transition face are highlighted; then
Click on 52 to obtain the FACES screen.
Select Automatic Mesh.
Adjust the mesh if necessary; then
Select Return; then Select Yes.

The discretization is complete. It is useful to shade the structure, to obtain a clearer display
of the geometry.

Select Shade + shade options.

At the SHADE OPTIONS menu, toggle Elements off; then Select Save. Thereafter,
Select Shade + quickshade. Wait.

After viewing the shaded three-dimensional picture of the stopes, press[Esc] .
Return to multi-view display, by clicking on the greenish bar at the top of the screen.

The mesh generated in this tutorial will not be used for analysis. Therefore, it will now be
discarded. Thisisagood opportunity to explore a few more of the EXAMINE®® functions.

Select Pick + object.

|Pick nject [*=all; ESC=done]:

Click anywhere in the mesh just generated.

Noticethat all the elements are selected. Any group of inter-connected elements constitute an
object. Thereis only one object in this boundary e ement mesh.

Click again anywhere in the mesh, to deselect everything. Then press[Esc] .

Select Pick + component.

|Pi ck Component [*=all; ESC=done] :

A component is a group of elements formed through one application of the skin, extrude,
face, trangtion skin or blend functions. Let's delete the elements, component by
component, in order to illustrate this definition.

Click on the top surface of the eastern-most stope.
Noticethat all the elements on the four E-N and E-U surfaces of the stope are selected. These

elements were formed through one application of the skin function. Hence they constitute
one component.
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Select Object Tools + delete picked to delete the selected component.

Select Pick + component.

|Pi ck Component [*=all; ESC=done] : |

Click on the top surface of the middle stope, to select all elements formed through the second application of
skin.

Click on the top surface of the western-most stope, to also select all elements formed through the third
application of skin. Thereafter,

Select Object Tools + delete picked to delete the two sel ected components.
All lements on the E-U and E-N surfaces of the stopes have now been deleted. Only the face
elements are | eft, revealing the positions of the faces and the connecting doorways between
the stopes.

M aximize the perspective view window once more.

Select Shade + quickshade.
This gives a clearer display of the 6 faces of the stopes. The four middle faces are actually
two transition faces; as was explained before, each transition face consists of an upper face
and alower face, separated by a doorway (which connects the two adjacent stopes).

Press[Esc]

Select Shade + shade options; toggle Nor mals on; then Select Save.

Select Shade + quickshade.

Normals point outward from properly constituted el ements. Therefore, notice that the normals point eastward

on the east end face and on the upper face of the transition faces; on the other hand, they point westwards on

the west end face and on the lower face of the transition faces.

Press/Esc]

You can now select the faces one by one, using Pick + component, to satisfy yoursdlf that they are indeed
different components; delete them thereafter.

Only the original polylines arel&ft. You can delete them now, using Object Tools + delete all, and proceed to
Tutoria 5.
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10. Tutorial 5: Extending An EXxisting
Mesh
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Figure 10.1: Starting boundary element mesh for Tutorial 5

It isrequired to mode a shaft extended from the bottom of an existing tunnel. The boundary el ement mesh for
the tunnel has previously been generated, and it is desired to model the shaft by extending the existing mesh.
Thisisavery simple example of a potentially complicated problem, but the example illustrates the basic idea.
Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler and retrieve TUT05.GEO using File + append to model.
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The boundary element mesh is displayed, for a 12 m long tunnel with a square (4 by 4 m) section (compare
with Figure 10.1). It is required to model a 6 m deep shaft with a 2 by 2 m section. This example is
particularly convenient, because the existing mesh consists of 2 by 2 m sguares divided diagonally to form
triangular elements. The corners of the top end of the shaft have to coincide with the corners of one such
square at the bottom of the tunnel.

The shaft will be attached as follows: (1) delete two triangular e ementsto form a (2 by 2 m) square hole at the
bottom surface of the tunnel; (2) replace the edges of the hole with a polyline; (3) extrude the polyline, thereby
discretizing the vertical surfaces of the shaft; and (4) discretize the bottom face of the shaft.

It is necessary to hide the elements on the top surface of the tunnel, using the invisible function, in order to
gain access to its bottom surface (through the top view window).

Set Grid Spacing to 4 m, and toggle Grids on, using Toolbox + setup options.

Select Pick + element.

|Pick El ement [*=al|l; b=box; c=cbox; r=ratio; ESC=done]:

The dialogue box gives four options for picking arbitrary el ement groups:

(1) All elements can be picked by pressing [+

(2) Press|Bl and you would be prompted to define a box which completely encloses all the
elements to be picked -

(3) Press[cl and you would be prompted to define a box, similar to the [Bl-option, but all
elements crossed or completely enclosed by the box will be picked

(4) Press[R] and you would be prompted to specify a value for aspect ratio; all elements
which have aspect ratio larger than the specified value would be picked.

Of course, single elements can also be picked, by clicking on each individual dement (as
will beillustrated | ater).

Press[B] to activate the box option.

|Place box corner #1 [N, U, E: vn=off, s=off, o=off]:

A pick box can be defined either explicitly (by defining its three-dimensional boundaries) or
implicitly (by defining a plane, which is then extruded infinitely along its normal to obtain a
box). In either case, two opposite corners need to be given, either by clicking on the screen or
by typing in their coordinates. Let's use the implicit approach, with points defined by
clicking on the screen.

In the front view (E-U coordinate) window, click on a point about 1 m below the tunnd roof, and a short
distance to the west of the tunnd.

Click on [S2]. Notice that the red star turns colour, indicating that this point has been chosen. The dialogue
box will then request:

|Place box corner #2 [N, U, E: vn=off,6 s=off, o=off]:

In the front view window, click on a point about 1 m above the tunnd roof, and a short distance to the east of
the tunnd.

Ensure that the yellow rectangle so formed completely encloses the roof line, in the E-U window.
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Click on[ce]

Notice that all, (and only), the elements on the tunnel roof are picked (highlighted).

Select Object Tools + invisible.

Now only the tunnd floor ements are visible through the top view (E-N coordinate) window.

Assume that the top edge of the shaft corresponds to the middle square in the third row of squares, counting
from the north (in the top view window). Therefore, the two triangular elements which make up the square

need to be removed.

Select Pick + element.

|Pi ck Element [*=all; b=box; c=cbox; r=ratio; ESC=done]:

Click on the common (diagonal) edge of the two elements to be removed.

Notice that it is highlighted, indicating that one of the e ements has been picked; but which one?
Click again on the same edge.

The element is desdlected (no longer highlighted).

Click on it athird time.

Now two other edges are highlighted, clearly indicating which e ement has been picked (the one formed by the
clicked (diagonal) edge and the two highlighted edges).

Click on the same diagonal a fourth time.
The diagonal is also highlighted, indicating that the other element which shares this edge has been picked.
Select Object Tools + delete picked.

The two elements are deleted, leaving a square hole at the tunnel floor. A shaded view will
illustrate this more clearly.

Select Shade + quickshade.

The hole is not visible in the current shaded perspective view, because the tunnel floor is
blocked by the eastern sidewall.

Click anywhere in the top view window — the square hole is clearly visible through this window.
PresdESC] to exit from theShade menu.

SelectBuild Polyline + open edge polyline.

|1 Polyline WII Be Created, Continue?

Pressd—
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The open square is replaced with a polyline (blue), which will now be extruded downwards
to form and discretize the vertical surfaces of the shaft.

Select Build Object + extrude.

|Sel ect Curve to Extrude:

Click on the polyline.

The polylineis highlighted (yellow), and the following request appesars:

|Enter/pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

The extrusion direction is defined in terms of the N,U,E components of a unit vector. The
default is the outward normal vector to the existing surface, which in this case implies a
vector directed downwards (O, -1, 0) from the tunnel floor.

If the [default] is (0, -1, 0) press <= to accept it. Otherwise, enter [0_-1 0] <=

|Enter I ength of extrusion [default]:

Enter [ 6 | <=

|Use default discretization (y):

Press <=
Sdlect View + autoscal e to see what has been done.

Select Pick + component.

|Pi ck Component [*=all; ESC=done] :

Click anywhere on the shaft.
Select Object Tools + delete picked.

The shaft elements are deleted, leaving nodelines and polylines. Repeat the extrusion
process.

Select Build Object + extrude.

|Sel ect Curve to Extrude:

Click on the polyline (thereis only one).

|Enter/pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

Press <= to accept (0, -1, 0)

|Enter I ength of extrusion [default]:

Enter [ 6 | <=



CHAPTER 10. TUTORIAL 5: EXTENDING AN EXISTING MESH

157

|Use default discretization (y):

Enter [2] <=

|Ent er nunber of divisions along length [2]:

Enter [ 3 | <=
Better! Let's discretize the shaft floor.

Select Build Object + face—

|Pi ck a CLOSED nodel i ne

Click on the nodeline at the lower end of the shaft.

|Pi ck interior CLOSED nodeline [Go = done]:

Click on 2] to obtain the FACES screen.

Select Array Mesh.

The squareis divided along one diagonal, giving two triangular e ements.

Select Retur n; then Select Yes.

Select Object Tools + visible to bring the hidden tunnel roof elements back into view. Then delete the

nodelines and poalylines, asfollows:
Select Pick + polyline and Press|* |
Select Pick + nodeline and Press|*

Select Object Tools + delete picked.

The discretization of the shaft is complete. It would be advisable to run an object check on
the mesh at this stage. However, for the purpose of this tutorial, let’s reverse the process of

attaching and discretizing the shaft.

Select Pick + component.

|Pi ck Conponent [*=all, ESC=done]

Click on the bottom of the shaft to pick the bottom face elements.

Click anywhere el se on the shaft to also pick all the other shaft elements.

Select Object Tools + delete picked to delete the shaft.
Hide the tunnd roof € ements once more.

Select Pick + element.
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|Pi ck Element [*=all; b=box; c=cbox; r=ratio; ESC=done]:

Press[c].

Earlier in this tutorial, the pick box was defined implicitly (using an infinitely extruded
plane). Let’'s define it explicitly now. The cbox option has been selected.

In the front view window, click on a point just below the roof line of the tunnel, and a short distance to the
west of the tunndl.

In the right view window, click on a point just south of the tunnel, at about the same elevation asthered star.
Click on[ce]

In the front view window, click on a point above the tunnel, and a short distance to the east of the tunndl.

In the right view window, click on a point north of, and above the tunnd.

Examine both the front and right view windows, to ensure that the rectangles formed in both windows
completely enclose the roof line, without completely enclosing any elements below the roof line.

Then click on[Ge] .
Because the cross-box (cbox) option was selected, all the roof eements (which were
completely enclosed by the box) and some sidewall eements (which were crossed, but not
enclosed, by the box) have been picked (highlighted).

Select Object Tools + invisible to hide the highlighted e ements, thus exposing the hole at the tunnel floor.

Let'sfill the hole using the face function. A nodelineis required.

Select Build Polyline + open edge polyline.

|1 Polyline WII Be Created, Continue?

Press <=

Select Build Polyline + polyline— nodeline.

|Pick Polyline to Convert:

Click on the polyline.

Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the noddine; then Click on [co] to obtain the FACES screen.
Select Array Mesh. Theresfter,

Select Retur n; then Select Yes.
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Select Object Tools + visible to bring hidden elements back into view.

Delete the polyline and nodeline, using Pick + polyline, followed by Pick + nodeline, and Object Tools +
delete picked.

The use of the open edge poalyline function to attach a structure to an existing mesh, or to close a hole caused
by the detachment of a branch from an existing mesh, was illustrated in this tutorial. You can delete the mesh
now, and proceed to Tutorial 6.
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11. Tutorial 6: Ramped Underground

Opening
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Figure 11.1: Starting polylinesfor Tutorial 6
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The purpose of this tutorial is to illustrate (1) how to read in a .GEO file containing data in an orthogonal
coordinate system that is different from the EXAMINE®® coordinate system; (2) how to edit a polyling; and (3)
the use of the extrude function to define the geometry and discretization for an excavation with nonlinear

longitudinal axis.

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler and retrieve TUT06.GEO using File + append to model.
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The picture displayed on your screen is not the same as shown in Figure 11.1. This is
because the data in TUT06.GEO has not been interpreted correctly; it is given in a
coordinate system different from the EXAMINE® system. The data is given in the East-
North-Down system (1st Coordinate = East; 2nd Coordinate = North; 3rd Coordinate =
Down).

Select Object Tools + delete all; then Enter Y <+ to delete everything.

Select File + coord transform, to obtain the COORDINATE TRANSFORM sub-menu.

Click repeatedly on Coordinate 1, until itsvalueis set to east.

Set Coordinate 2 equal to north, using the same procedure.

Set Coordinate 3 equal to down, in the same way.

Select Save to effect these settings and exit from the COORDINATE TRANSFORM sub-menul.

Select File + append to model, choose the Portable Geometry File type, then select the TUTO6 file and open

it.

Two polylines are displayed, exactly as shown in Figure 11.1.

Click on the greenish bar at the top of the perspective view window, to maximize it.
The longer (non-closed) polyline traces one bottom corner of a ramped excavation. The
shorter (closed) rectangular one traces the cross-section of the higher elevation end of the
excavation. The second polyline will be edited later to modify the cross-sectional geometry of
the ramp.

Return to multi-view display, by clicking on the top greenish bar.

Select Toolbox + setup options; toggle Polyline M ar ker s off; then Select Save.

The polyline markers (blue stars and greenish-yellow discs and circles) are turned off,
thereby presenting a cleaner picture of the polylines.

Maximize the right view window.

Select Toolbox + setup options; toggle Polyline Markers on; set Grid Spacing to 0.75; toggle Grids on;
then Select Save.

A very dense grid is displayed.

Select View + zoom in.

|Pick region to ZOOM I N on, Select first corner of region

Click on apoint about three grid spacings above and about four to the south (left) of the rectangular polyline.

|Pick opposite corner of region
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Move the mouse downwards and to the north (right); notice that a rectangle is formed, which expands
downwards and northwards as the mouse pointer movesin this direction.

Click on a point about three grid spacings below and about four to the north of the rectangular polyline.

The rectangular region defined by the two points is enlarged to fill the screen, thereby
exposing more details of the rectangular polyline. This polyline will now be edited to
properly define the cross-section of the ramp.

There are four vertices on the cross-sectional polyline. Recall that the 1st and 2nd vertices
are marked with a greenish-yellow disc and circle, respectively. Two more vertices will be
added to the top edge of the polyline (between the current 3rd and 4th vertices).

Select Build Polyline + edit polyline.

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

Press[2] to indicate that you wish to add a vertex.

|pick a polyline edge to insert a vertex on [d=del ete, a=add, f=1st pt, Enter=done]:

Click on the top edge (between the 3rd and 4th vertices) of the rectangular polyline.

A new vertex isformed at the midpoint of the top edge, dividing it into two segments. Then, the dial ogue box
request revertsto:

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

Click on the newly formed vertex. It becomes highlighted, and the following message appears:

|New N, U E Location (Enter=done): [N U, E: vn=off, s=off, o=off]:

Press/S] to toggle grid snap on. Notice that this option changes tol---5=°n - | in the dial ogue box.

Click on the grid intersection one space to the south (left) and one space above the current position of the
picked vertex.

The vertex is moved to the new location. The two top segments of the polyline, which used to
be horizontal, have been changed to sloping segments, one plunging north and the other
plunging south.

|New N, U E Location (Enter=done): [N U, E: vn=off, s=off, o=off]:

Press <! to accept the change.

|pick a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

Press|2] to add another vertex.

|pick a polyline edge to insert a vertex on [d=del ete, a=add, f=1st pt, Enter=done]:

Click on the northward plunging segment formed as a result of the last changes made.

A new vertex isformed at the midpoint of the segment; and the dial ogue box message reverts to:
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|pi ck a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

Click on the new vertex.

|New N, U E Location (Enter=done): [N U, E: vn=off, s=off, o=off]:

Press[=] to toggle grid snap on.

Click on the grid intersection two spaces to the north (right) of the top vertex, i.e., just north of, and above the
current position of the picked vertex.

|New N, U E Location (Enter=done): [N U, E: vn=off, s=off, o=off]:

Press <! to accept the change.

|pi ck a polyline vertex to nove [d=del ete, a=add, f=1st pt, Enter=done]:

Press <! once more to end the editing session.
Select Toolbox + setup options. Then, reset Grid Spacing to 3.0; toggle Grids off; and Select Save.
The picture on your screen should look like Figure 11.2, if everything has been done correctly.

Click on the[2] near the top right corner of the current window. This gives an autoscaled view through the
current window.

Return to multi-view display, by clicking on the greenish bar at the top of the screen.
The polyline which has just been edited describes the cross-sectional geometry of the higher
end of the ramped excavation. It will now be extruded along the other polyline, to define the
geometry and boundary element discretization for the ramp.

M aximize the perspective view window.

Select Build Object + extrude.

|Sel ect Curve to Extrude

Click on the cross-sectional polyline (the one which was edited).

|Enter/pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

In the extrusions performed in previous tutorials, the extrusion direction was always constant
and coincident with one coordinate axis. Generally, the extrusion direction can vary along
an arbitrary path, defined using a polyline. In this example, the polyline which traces one
bottom corner of the proposed ramp is used as the extrusion path.

Click on the longer (non-closed) polyline.

|Use default discretization (y):

Press <+
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|[Fix first extrusion contour (y):

Press <=

|Fi x extrusion base (y):

Press <+

|Creating Extrusion, Please Vit ...

Wait!

A boundary element mesh is generated for the surface of the ramped excavation. You may
use the face function (Build Object menu) to discretize the two faces. Use either the
Automatic Mesh or the Radial Mesh functions at the FACES screen. Both would give
essentially the same result. (The Array Mesh option is not suitable for any of the faces.) The

procedure has been explained in previous tutorials.

Y ou may use Shade + quickshade to shade the structure. Thereafter, deleteit using Object Tools + delete all.

Then proceed to Tutorial 7.

right->west¥¥#
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]
’ Build Build ’ Object knalysis Field
File Teolbex Polyline Ob ject ‘ Pick H #Form Toals Faram Faints Return
MODEL EXAMINE 30 - A 30 GTRESS ANALYSIS PROGRAM EL: 0 NO: 0

Figure 11.2: Polyline representation of ramp cross-section
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12. Tutorial 7: Tunnel Close to a Free

Surface
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Figure 12.1: Starting polylinesfor Tutorial 7

167

The geometry and boundary element discretization for atunnel close to a free surface will be generated in this
tutorial. The use of the element subdivision function (Object Tools menu) to refine a mesh will also be

illustrated.

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler and retrieve TUTO7.GEO using File + append to model.
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The picture on your screen should be the same as in Figure 12.1. Two polylines are
displayed: a circular polyline, which represents a cross-section of an east-trending tunndl;
and a second polyline (horizontal, non-closed), which represents a cross-section of the
ground surface.

Maximize the right view window (by clicking on its top greenish bar).

Select Toolbox + setup options; set Grid Spacing to 5; toggle Grids on; then Select Save.
The display shows that the tunnel diameter is 5 m, and its distance from the free surface is
10 m. Generally, for a linear eastic medium, a free surface is likely to influence the
mechanical behavior of a structure if it is less than about 3 diameters away. COMPUTE®™
BEM requires that such free surfaces be discretized and incorporated in the analysis.

Turn off the grid linesusing Toolbox + setup options

Return to multi-view display (by clicking on the top greenish bar).

Select Build Object + extrude.

|Sel ect Curve to Extrude:

Click on the non-closed palyline.

|Enter/pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

Enter [0 0 1] <= tg extrude eastwards.

|Enter I ength of extrusion [default]:

Enter [ 50| <=

|Use default discretization (y):

Press <+

When meshing is done Select View + autoscale.
A region of the ground surface, defined by sweeping the polyline 50 m east, is divided into
12 rectangles, each of which is divided diagonally into two triangular elements. Notice that
EL =24 and ND = 20 (bottom right corner of screen).
Let's refine the north end of the mesh by subdividing the 6 e ements there.

Maximize the top view (E-N coordinate) window.

If necessary, adjust the size of the window relative to the object, by clicking repeatedly on the[2] (zoom out) or
on thel ™l (zoom in) buttons near the top right corner of the window.

Let's hide all elements south of the north end row of rectangles. Recall that, in this window,
N coordinates increase upwards, and E coordinates increase towards the right.

Select Pick + element.
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|Pick El ement [*=all; b=box; c=cbox; r=ratio; ESC=done]:

Press/Bl to activate the box mode.

|Place box corner #1 [N U E vn=off, s=off, o=off]:

Click on apoint just above the second horizontal line from the top, and to the I eft of the mesh.

Click onlco] .

|Place box corner #2 [N U, E vn=off, s=off, o=off]:

Click on apoint to the right of and bel ow the mesh.

Ensure that the yellow rectangle so-formed completely encloses all elements, except those in the top row of
rectangles. Then,

Click on[Sel. All but the 6 north end elements are highlighted.

Press/E5C] to exit from the Pick menu.

Select Object Toals + invisible to hide the picked e ements.

The north end dements will now be picked, in order to apply the element subdivision
function on them.

Select Pick + element.

|Pick El ement [*=al|l; b=box; c=cbox; r=ratio; ESC=done]:

Press/Cl to activate the cross-box mode.

|Place box corner #1 [N U E vn=off, s=off, o=off]:

Click on a point between the two visible horizontal lines, and to the left of the mesh.

Click onlco] .

|Place box corner #2 [N U E: vn=off, s=off, o=off]:

Click on apoint to the right of and above the mesh.
Ensure that the yellow rectangle crosses all, but only, the 6 elements at the north end. Then,
Click onlce] .

Press/E5C] to exit the Pick menu.

Select Object Tools + subdiv elem/poly

|This is an irreversible change, are You Sure?

Press <
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The original 3 rectangles have been subdivided into 12 new ones, each of which is divided
diagonally into two triangular elements, giving a total of 24 elements in the refined zone.
The subdivision aso affected the immediate neighbors of the refined zone. Bring all
elements back into view to examine the results.

Sdlect Object Tools + visible.

In the original mesh (before the subdivision), 3 elements outside the refined zone shared
common boundaries with the zone. These 3 eements have also been subdivided, to form the
transition between the refined and non-refined mesh zones. Notice that some of the
transition elements so-formed have larger values of aspect (base/height) ratio than all other
elements.

Let’s subdivide the north end elements once more, to further emphasize this point.

Select Pick + element.

|Pick El ement [*=all; b=box; c=cbox; r=ratio; ESC=done]:

Press/Bl to activate the box mode.

|Place box corner #1 [N U E vn=off, s=off, o=off]:

Define a box which completely encloses all, but only, the elements in the top two rows of
rectangles, as follows:

Click on a point between the 3rd and 4th horizontal lines (counting from the top) and to the left of the mesh.

Click onlco] .

|Place box corner #2 [N U E vn=off, s=off, o=off]:

Click on a point above and to the right of the mesh.
Ensure that the yellow rectangle so-formed completely encloses all, but only, the 24 top elements. Then,
Click on[ce] .

Select Object Tools + subdiv elem/poly

|This is an irreversible change, are you sure?

Press<k=! to sdect Yes

The 24 north end e ements have been subdivided into 96.

Note the shape of the transition e ements.

Note that the number of elements in the refined zone (excluding the transition zone) was
quadrupled by each application of the subdivision function (first from 6 to 24, and next from
2410 96).

If an application of the element subdivision function gives rise to a bad mesh (like this one),
the only remedy is to delete all the affected elements, including the transition zone (at least),
and rebuild the mesh. Let’s do that now.
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Select Pick + object; click anywhere on the mesh, and press the [ ESC] putton.

Select Object Tools + delete picked.
Return to multi-view display (by clicking on the top greenish bar).

Select Build Object + extrude, and click on the non-closed polyline.

|Enter/pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]:

Enter [0 0 1] <= tg extrude eastwards.

|Enter I ength of extrusion [default]:

Enter [ 50| <=

|Use default discretization (y):

Enter [2] <=

|Enter discretization for red segnent [1]: |

There are 4 segments in the polyline, one of which is currently highlighted red. Therefore, the above request
will appear 4 times. Press <+ to accept the default [1] each time. The following request appears after the
fourth one:

|Enter nunber of divisions along length [default]: |

Enter [4] <=
When meshing is done, notice that EL = 32 and ND = 25.
Select Shade + shade options; toggle Nor mals on; then Select Save.
Select Shade + quickshade.
The display shows that the normals are pointing upwards. They should point downwards, i.e., into the rock
(outwards from the open space bounded by the boundary elements). We’'ll Gdgettel ools + locate

surface option to tell EXAMINE® that an open boundary exists that defines a ground surface. This is also
required for correct computation of results in COMPEPIEM,

PresdFsc]
SelectPick + object; click anywhere on the mesh defining the surface, and prek&stdutton.

SelectObject Tools + locate surface.

|Choose Mbde (0=renpve, 1=add) [defaul t]:

Enter| L] <=

The surface now changes color to green to signify that it is a ground surface. Let’s look at the element normals
to see how they have changed.
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Select Shade + quickshade.

The normals are now correctly defined and pointing down into the rock mass.

Press[Esc] .
Let’'s use the extr ude function to generate the geometry and boundary element mesh for the
tunndl itself.
First, move the circular polyline 10 m east, then extrude it 30 m east to generatea 30 m
long tunnel. This leaves the free surface extending 10 m beyond the east and west ends of the
tunnel.

Select Pick + polyline, and click on the circular polyline.

Select Xform + move.

|Enter Rel Translation [N U E vn=off, s=off, o=off]:

Enter [0 0 10 <=t
Then click on 5] to accept the change.

Select Build Object + extrude, and click on the circular polyline.

|Enter/pick extrusion dir (0,0,1)[N U E vn=off, s=off, o=off]:

Press <= to accept (0,0,1), i.e., eastward extrusion.

|Enter I ength of extrusion [default]:

Enter [30] <=

|Use default discretization (y):

Press <=

When meshing is done, notice that the EL and ND counters are updated to 232 and 135,
respectively.

Mesh the two faces of the tunnel, using Build Object + face— to obtain the FACES screen; select Automatic
Mesh, then Return and Y es. The procedure has been explained in previous tutorials.

The next task isto set values for the material parameters and in situ stress components. The
elevation (U-coordinate) of the ground surface is required.

Select View + loc & digt.

| Pl(current position)[N, U E: vn=off, s=off, o=off]:

Press[V] to toggle vertex snap on.
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Click anywhere on the ground surface mesh. The values in parenthesisin the dialogue box are updated to give
the coordinates of the vertex closest to the point clicked. The second value is the U-coordinate; it is equal to -5
m for this example.

Press[Esc]

Select Analysis Param + enter parameter sto obtain the MODEL PARAMETERS menu.

Thetop field gives default values of 30000 MPa and 0.25 for Y oung’s modulus and Poisson’s ratio. Change the
value of Y oung’s modul us to 40000 MPa by clicking on the 30000 and typing | 40000 | <=

The next field gives two options for specifying field stress. The CONSTANT option is the
default, but free surface analysis requires the GRAVITATIONAL option.

Click on GRAVITATIONAL to select it.

Click on the white box to the right of Surface Elev (m); then typel[ =5 ] = |

The default value of 0.025 MN/m? for unit weight is okay.
The next fields define the directions of the principal stress components, and the values of the
horizontal to vertical stress ratio. The trend (Dir) is in degrees from North, and the
inclination (Dip) isin degrees below the horizontal.
Accept the default values.
Let's use the eyettarget function to walk around the structure. Save your work before
proceeding.

Select Save to exit from the MODEL PARAMETERS menu.

Select File + savefile.

Select the EXAMINE-3D Analysis File Format (*.ex3) from the Files of type drop down list. Then in the File
name edit box type tut07.ex3 as the filename.

Wait for the message[Done Storing] o appear; then

Select Toolbox + setup options; set Grid Spacing equal to 50; toggle Grids on; then Select Save to exit from
the menu.

Select Shade + shade options; toggle Elements off; toggle Nor mals off; then Select Save.

Select View + eyettar get.

|Shade bj ects in Perspective W ndow?

The eyettarget function works by using the top, front and right view windows to position
the eye, while the three-dimensional picture seen from the current viewpoint is shown in the
perspective window.

The perspective window is redrawn each time the eye position is modified. Therefore,
shading the object at the same time may slow the process down, depending on the degree of
complexity of the object. Let's request shading anyway, to see what happens.

Press <+
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The current eye position is about 45 degrees above the ground surface and approximately
northeast of the structure; therefore, the line of sight is directed southwest, at a plunge of
about 45 degrees.

Let’'s move the eye vertically down.

In the front or right view window, click on a point vertically below the current eye position.

The U-position of the eye changes to the point clicked (its E-N position is essentially
unchanged), and the perspective view is updated accordingly.

Following the same procedure, move the eye vertically down, about half a grid spacing (25 m) at a time.
Examine the perspective window carefully at each eye position.

When the eyeis at about half a grid spacing below the tunne floor, transfer the mouse pointer to the top view
(E-N coordinate) window.

Move the eye southwards in 50 m increments (keeping its E-position fixed); then move it westwards the same
way; then northwards, and finally eastwards back to its starting position. Examine the result of each 50 m
increment before proceeding to the next.

As this exercise may have shown, the eyet+tar get function lets one walk around a structure,
to examine it from any conceivable angle. Explore the function as much as you wish. Then,

Return the eye to its original position (approximately northeast of the tunnel, at an angle of about 45 degrees
above the horizontal).

Press|E5C] to exit from the View menu.

Let’s run an object check on the mesh. Usually, object check should not be run on a free
surface, because of the risk of the normals being reversed to point in the wrong direction. It
is advisable to discretize the underground excavations first, run object check on the mesh,
and add the free surface afterwards. However, let's make the mistake this one time, to see
what happens.

Select Toolbox + object check. Respond with <! to all the requests. At the end, the following message is
displayed:

|Geon’etry is LEAKY and invalid for analysis -- Press Enter

Notice that red lines have been drawn around the free surface. The object check function
draws red lines around open edges to indicate where the geometry is leaky. The open edges
in this case are however okay, because the ground surface is not a closed surface.

Open edges in the tunnel mesh would have been a problem, but none were detected.
Therefore, contrary to the above message, the geometry is NOT LEAKY .

The free surface is the only case for which the LEAKY verdict of the object check function
can be disregarded.

Press <. Proceed with the clockwise e ements check. When it is done,
Maximize the front view window.

Select Shade + shade options; toggle Elements off and Nor mals on; and exit from the menu.
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Select Shade + quickshade.

Ensure that all normals point into the rock mass, i.e., outwards from the open space enclosed by the boundary
elements. If the free surface normals point upwards, reverse them using Object Tools + reorder nodes/vert
(having first Picked the free surface).

The next task is to define a grid box (to specify points at which analysis results should be
computed).

Press/E5C] to exit from Shade.

Return to multi-view display.
Select Toolbox + setup options; set Grid Spacing to 5; ensure that Gridsis on; then exit from the menu.

Select Field Points + add points.

| Enter | nput Method (1=pl ane, 2=3pt plane, 3=grid, 4=fil e, 5=pt, 6=line) [default]

Enter [3] = to activate the grid box mode.

|Locate box corner #1 [N U E vn=off, s=off, o=off]:

Press[5] to toggle grid snap on.
In the right view window, click on the midpoint of the ground surface line.

Click on[celto accept thisasthe first corner.

|Locate box corner #2 [N, U, E: vn=off, s=on, o=off]:

In the right view window, click on apoint 10 m north of the free surface, and 10 m below the tunnel floor.
In the front view window, click on apoint 10 m east of the free surface, and 10 m below the tunnéel floor.

Ensure that the yellow rectangle formed in the front and right view windows encloses half of the tunnel in
each window, and that its top edge coincides with the ground surface. Then,

Click on[ce] .
Respond with <= to the requests that follow, thereby accepting the default discretization for the grid box.

Select Analysis Param + analysis options to obtain the ANALY SIS OPTIONS menu. Click a few times on
Point Filter, until its value is set to “surface”; then exit from the menu.

The Point Filter function is used to filter out field points that might lieoge the ground
surface or on the inside of underground openings. If it is set to “on”, only points on the
inside of openings are filtered out; if it is set to “surface”, (as in this example), then points
above (i.e., on the outside of) the ground surface are i#tlseed out. Points filtering is
turned off by settindPoint Filter to “off "

Toggle grid lines off (F7 of oolbox + setup options).
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Sdlect View + autoscale.

Delete the polylines and nodelines, using Pick + polyline, [*], Pick + nodeline, [*], and Object Tools +
delete picked.

Select File + savefile.

Select the EXAMINE-3D Analysis File Format (*.ex3) from the Files of type drop down list. Then in the File
name edit box type tut07.ex3 as the filename. Respond Y ES to overwriting the existing version of thefile.

Wait for the message[Done Storing] o appear; then
Select Return; Select Exit; then Select Y es, to exit from EXAMINE®.

Submit the TUT07.EX3 to COMPUTE®***™ sometime, when you do not need your computer for awhile.
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13. Tutorial 8: Transition Skin

The transition skin function allows one to vary the level of detail admitted in the geometrical description of
adjacent sections of a structure. Its use will beillustrated using a 30 m long, 4 m diameter, east-west trending
tunnel. The geometric description of the cross-section will be more detailed within 2 m long sections at both
ends, but less detailed esawhere. There will be a 1 m long transition zone between the end and middle
sections.

The model will be built from scratch.

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler.

Select Build Polyline + new polyline; then Press|L| to activate the circle mode.

|[Enter circle radius [default]:

Enter [2] <=

|Enter nunber of |ine segnents/circle [default]:

Enter [16 ] <=

Select View + autoscale.
The circle is oriented normal to the E-axis, and its center is at (0,0,0). This default
orientation isin agreement with the desired east-west trend of the tunnel. Let’s assume that
the length of the tunnel is also to be centered at (0,0,0). In that case the current polyline,
which represents an end section, needs to be moved 15m westwards.

Select Pick + polyline; and click on thecircle.

Select Xform + move.

|Enter Rel Translation [N U E vn=off, s=off, o=off]

Enter [0 0 15[ <b=I: then click on[Gel .

Sdlect View + autoscale.
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This polyline will form the west end of the tunndl. Let’s place copies of it at 2, 28 and 30 m
from the west end, to define the boundaries of the end sections.

Select Pick + palyline; then click on the palyline.

Select Xform + copy.

|Enter Rel Displ of Copy [N U, E: vn=off, s=off, o=off]:

Enter [0 0 2] <=

Enter [0 0 28] <=t

Enter [0_0 30| «g=d

Then click on [e] .

Select View + autoscale.
Boundaries of the end sections have been defined using circular 16-vertex polylines.
Boundaries of the middle section will be defined using circular 8-vertex polylines. The
number of vertices on adjacent polylines have to be related by a 2:1 ratio if the transition

skin function will be used to connect such polylines.

Select Build Polyline + new polyline; then Press| L] to activate the circle mode.

[Enter circle radius [1]:

Enter [2] <=

|Enter nunber of line segnents [default]:

Enter [8] <= or Press<= if the [default] is 8.
The new circle formed is centered at (0,0,0). It is best viewed through the top, front and
perspective view windows. Let’'s move it 12 m west, and then place a copy of it at 3 m from
the east end, to define the boundaries of the middle section (thereby creating 1 m long
transition zones at each end).

Select Pick + polyline; then click on the middle polyline (in the front, top, or perspective view window).

Select Xform + move.

|Enter Rel Translation [N U E vn=off, s=off, o=off]:

Enter [0 0 -12] <=- then click on el .
Pick the same polyline again. Then,

Select Xform + copy.

|Enter Rel Displ of Copy [N U, E: vn=off, s=off, o=off]:
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Enter [0 0 24] <= then click on el
Maximize the front view window.

Select View + zoom in.

|Pick region to ZOOM I N on, Select first corner of region:

Click on apoint just above and to the west of the west end polyline.

|Pick opposite corner of region

Move the mouse pointer to the east and down. Notice that a rectangle is formed, which grows eastwards and
downwards as the mouse pointer moves in this direction. When the three west end polylines are just
completely enclosed by the rectangle, click the mouse button.

Let's generate the mesh, using the skin function for the end and middle sections, and the
transition skin function for the transition sections.

Select Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the west end palyline.

|Pi ck a skin polyline [1 picked, Select Go when done]:

Click on the next polyline.

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click onlco] .

|Use default discretization (y):

Enter [2] <=

|Enter # of interp sections between red sections [default]:

Enter [3] <=

Threeinterpolation polylines are inserted between the picked two; one segment of the polylinesis highlighted
red, and:

|Enter discretization for red segnent [1]: |

Press <. The request will appear 16 times. Respond with <= each time. The elements will be created after
your 16th response. Notice that EL=128 and ND=80.

The next tunne section is bounded by a 16-vertex polyline on the west and an 8-vertex
polyline on the east. The only way to connect them is through the transition skin (or blend)
functions. In this case, it is appropriate to use the transition skin function.
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Select Build Object + transition skin.

|Se|ect first transition section:

Click on the boundary between the meshed and unmeshed zones.

|Se| ect second transition section:

Click on the next polyline, towards the east.

Examine the mesh to see how the transition e ements are formed. Notice that EL=152 and
ND=88.

Click on thel2] near the top right corner to autoscal e the window.

Select Build Object + skin, to discretize the middle section.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the boundary between the meshed and unmeshed zones.
Click on the next polyline, to the east.

Click onlco] .

|Use default discretization (y):

Enter [2] <=

The two polylines which bound the middle section are highlighted; then:

|Enter # of interp sections between red sections [default]:

Enter [7] 4= to obtain 3 m long sections.

Generate the east end transition zone and the east end section. You may zoom in on this
region if you want.

Select Build Object + transition skin.

Click on the boundary between the meshed and unmeshed zones.
Then click on the next polylineto the east.

When the transition zone meshing is done,

Select Build Object + skin; click on the boundary between the meshed and unmeshed zones; click on the east
end polyline; then click onlSel .

|Use default discretization (y):

Enter [2] <=
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|Enter # of interp sections between red sections [default]:

Enter [3] <=
When meshing is done, return to multi-view display.

Y ou can explore the mesh as you wish, using the Shade and/or View menus. Thereafter, delete everything,
and proceed to Tutorial 9.
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14. Tutorial 9: Using Interpret

The analysis results in TUTO02.RES will be used in this tutorial to illustrate some of the Interpret group of
functions. It is assumed that the user has completed Tutorial 2 and the associated boundary element analysis
(using COMPUTE?PBEM),

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Interpret.

Select Stress (from the DATASETS screen). This will be available if the parameter “general=on” in your
e3.cfg file. See the beginning of Chapter 3 for details. If the parameter “general=off", then you will be

prompted to enter a filename immediately after seledtibey pret.

When The Open File dialog appears, click on TUTO2 to select it. The DATA SELECTION screen appears,
showing the variables that are available to be examined (Figure 1.4).

SelectSigma 1, to examine values of the maximum principal stregs,
The Interpret DATA INTERPRETATION screen (Figure 1.5) appears. The values of the
elastic properties, field stress, strength parameters, and model parameters are summarized in
the Interpret Data column, at the right edge of the screen. The legends for the isosurfaces

and contours are given at the bottom right of the screen. The rest of the screen gives the
usual four view windows, viz., the right, front, top and perspective view windows.

14.1 Contoured Planes

The cutting plane function allows for the examination of three-dimensional data on different planes through
the structure (provided that results have been computed on the planes).

SelectCutting Plane + cutting plane.

|Aut oscal e Grid Box (n)? |

Responding withyes to this question causes the grid box to be maximized in each window. Otherwise, each
window would be lefasis. Let's choosges.
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Enter [¥] <=
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A view of the grid box is shown in each window, with two orthogonal axes (three in the
perspective window) highlighted yellow. The orthogonal axes are local coordinate axes for
the grid box, labeled u-v-w. These axes are not necessarily coincident with the global N-U-E
axes, but they are in this example: the w-axis corresponds to the global N-axis, the u-axis to
the global E, and the v-axis to the global U.

The following options appear in the dial ogue box:

|snap:s, sweep=w, shade=h, Go=done [u:v:w]:

Press[] to activate the sweep mode.

Press|t] and wait; when shading is done,

Click anywhere on the w-axis (yellow horizontal line in the right view window). A contoured cutting planeis
displayed, which is normal to the w-axis, and passes through the point clicked.

The w-position of the cutting plane can be changed by clicking another point on the w-axis.
Vertical cutting planes normal to the tunnel axis are obtained by clicking on the w-axis
(either in the perspective, right, or top view windows).

Vertical cutting planes longitudinal to the tunnd are obtained by clicking on the u-axis
(either in the perspective, front or top view windows).

Horizontal cutting planes are obtained by clicking on the v-axis.

Examine 5 different vertical cutting planes normal to the tunnd axis, by clicking on 5 different points, along

the w-axis.

Do the same on the u-axis, obtaining vertical longitudinal planes.

Examine the same number of horizontal planes, by clicking on the v-axis.

Press| ESC] to exit from Cutting Planes.

Sdlect View + autoscale.

Exiting from the cutting plane function with [ESC], as in the above example, causes the
cutting plane(s) to be discarded. To retain a cutting plane, exit from the function by clicking
onlcel,

Select Cutting Plane + cutting plane.

|Aut oscal e Grid Box (n)?

Press <

Click on the w-axis, at alocation near the south end of the grid box (middle of tunnel), preferably in the right
view window. Then click onl&el.

Select Cutting Plane + cutting plane; then Press <! .

Click on the w-axis again, thistime at alocation near the fine/coarse mesh boundary. Then click on[Sel .
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Using the same procedure, create another cutting plane normal to the tunnel axis, at the north end of the
tunnel.

Now create a horizontal cutting plane close to the tunnel roof, using the same procedure (except that the v-axis
should be clicked thistime).

M aximize the perspective window to examine the contours more closaly. Then return to multi-view display.

Select View + eyettar get.

|Shade bj ects in Perspective Wndow (n):

Enter [¥] <=
The default eye position is approximately north-east of, and about 45 degrees above, the
tunnel. Let’s leave the eye at the default eevation, but modify its N-E position. The top view
window is best for this.

In the top view window, click on a point south of the tunnel and on the same vertical line (E-coordinate) as the
current eye position. Then examine the results through the perspective window.

In the top view window, click on a point west of the tunnel and on the same horizontal line (N-coordinate) as
the current eye position. Examine the results through the perspective window.

Using the same procedure, move the eye north of the tunnel, without changing either its east position or
elevation. Then examine the results.

Next move the eye east of the tunnel, keeping its north position and el evation unchanged (this should bring the
eye back to its default position, more or less).

Repeat the above exercise with the eye at an elevation below the tunnel. Thereafter, move the eye back to its
default position. Then,

Press|E5C] to exit from View.

Delete the cutting planes, using Contour Tools + delete all.

14.2 Full Three-Dimensional Visualization

The Volume Data menu provides access to a number of functions used for full three-dimensional
visualization.

Select Volume Data + surf contours.
The displayed contours describe the variation of g; on the tunnel wall surface. Back planes
are not visible when objects are colored. Therefore, the top view describes the variation in
the roof area, the right view gives the variation above and below the spring line on the
eastern sidewall, whereas the front view describes the variation on the south end face.

Sdlect Contour Tools + delete all to delete the contours.
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Select Volume Data + create isosur f.

|Enter isoval ue:

An isosurface is a surface joining all points in space (within the bounds of the grid box) at
which a selected variable (in this case 1) has the same value. The isovalue is the value of
the variable on the isosurface. Let’s request the 0, = 60 MPaisosurface.

Enter [ 60 | <=

The g, = 60 MPa isosurface is created, and its color key appears in the Isosurface Legend
(bottom right of screen).

When them&sage| isosurface successfully created |appears

Select Pick + abject; then Press|* to select all elements.
Select Object Tools + invisible.

The entire tunnel is hidden, leaving only the isosurface and grid box. Recall that the grid box
encloses only the upper north-east octant of the tunnd; therefore, only the corresponding
portion of the isosurface is available. You can maximize any of the windows to view the
isosurface more closely. You can also shade it using Shade + quickshade; then exit from
Shade by pressing [ Esc| .

Select Object Tools + visible.
Select Shade + shade options; toggle Elements off (if they are on); then Select Save & Exit.

Select Shade + quickshade.

quickshade shades only one window at a time. Click anywhere in a given window to obtain a shaded view
through it. Obey thel Please Wait ... |prompt after each click. Then press|E5C] to exit from quickshade.

Select Pick + isosur face.

|Pick isosurface [*=all; ESC=done]:

Click anywhere on the isosurface, and notice that it is highlighted to indicate that it has been picked.

Press|ESC] to indicate that all required isosurfaces have been picked (there could have been more than one).

Sdlect Shade + set color.

The set color sub-menu appears. Any changes made here will apply to al the picked
isosurfaces. Therefore, if it is required to change the colors of two or more isosurfaces, this
function should be applied to them individually (to assign a different color to each). Thereis
only onein this example.

An isosurface consists of a series of connected polygons; and the set color function provides
for a choice of colors for the faces and edges of such polygons. Both are assigned the same
color by default.
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FACES s currently highlighted. Click on any color in the color bar to select it for the faces.

Then click on EDGES. Choose a color for it by clicking on the required one in the color bar. For this exercise,
choose a different color for the edges than for the faces.

Select Save & Exit. Notice that the isosurface legend is updated to reflect the new colors.
Select Shade + quickshade, to view the effect of the color changes.

Press|E5C] to exit from Shade.

Select Pick + isosurface; Press[*]; then Select Object Tools + delete picked to delete the isosurface.

Contours and isosurfaces present the magnitudes of the principal stress components. Their
directions can be visualized using thetraj ribbons function.

Select Volume Data + traj ribbons.

|Ent er Tracer Input Method (1,2=line; 3,4=plane) [default]:

Enter [1] <= or Press <= if the [default] equals 1.

|[Enter first point [N UE vn=off, s=off, o=off]: |

In the top view window, click on a point about midway between the two vertical red lines (grid box edges), and
just above the lower horizontal red line. Then click on [Go].

|Enter second point [N U E vn=off, s=off, o=off]: |

In the top view window, click on a point vertically above the first point and close to the top horizontal red line.
Then click onl el

|Enter nunber of intervals [default]: |

Enter [4] <=
Wait for the 5 ribbons to be plotted.
The trajectory ribbon is like a stress flow path. The long dimension of the ribbon coincides
with the direction of the maximum principal stress; the width direction coincides with the
direction of theintermediate principal stress; the normal to the ribbon surface coincides with
the direction of the minimum principal stress.
Delete the ribbons and repeat the process, using a different tracer input option, as follows:
Select Contour Tools + delete all.

Select Volume Data + traj ribbons.

|Ent er Tracer Input Method (1,2=line; 3,4=plane) [default]:

Enter [2] <=
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Define a line in the top view window, as was done for the first set of ribbons. When the line is done, the
following message appesars:

|Ent er nunber of intervals [default]:

Enter [4] <=

A set of 5 polylines are drawn through the grid box, each directed along the direction of the
maximum principal stress.

The traj ribbons function draws ribbons or polylines, which indicate the directions of the
principal stress components. Each ribbon (or polyline) originates from a point, referred to as
the tracer input point. There are four options for specifying the tracer input points: (1)
Ribbons are grown from tracer points, distributed along a line (2) Trajectory polylines are
grown from tracer points distributed along a line (3) Ribbons are grown from tracer points
distributed on a plane (4) Trajectory polylines are grown from tracer points distributed on a
plane.

Let’'s explore option 3 to see what happens.

Select Contour Tools + delete all to delete the trajectory polylines.
Select Volume Data + traj ribbons.

Enter [3] <=

|Input pl ane point #1 [N, U E vn=off, s=off, o=off]:

In the right view window, click on a point close to the lower left corner of the grid box, but still within the
box. Then click on L€

|Input pl ane point #2 [N, U E vn=off, s=off, o=off]:

In the same window, click on a point close to the upper right corner of the grid box, and still within the box.
Then click onl el

|Enter nunber of divisions in u direction [default]:

Enter [3] <=

|Enter nunber of divisions in v direction [default]:

Enter [2] <=

When the 12 ribbons are done, maximize the perspective window. The ribbons show how the directions of the
principal stress components change within the grid box.

Return to multi-view display.
Select Contour Tools + delete all to delete the trajectory ribbons.

Sdlect Return.
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This concludes our examination of o; data. Either 0, or gz can be examined in exactly the
same way, by selecting Sigma 2 or Sigma 3, respectively. The parameter Str Fac can also be
examined in the same way, except that there are no trgectories for it (being a scalar
quantity).

Sdlect Str. Fac. Wait.

Select Volume Data + create isosur f.

|Enter isoval ue:

Enter [1] <=

When themessage| isosurface successfully created [#polygons = [NUM]] |appears
Select Shade + quickshade.

Recall that you click anywhere in a window to obtain a shaded view through it.
Values of Str Fac < 1 indicate over-stressed rock (relative to the current strength criterion).

Press|E5C] to exit from Shade.

Press Ctrl-X to quick exit from EXAMINE®, or exit from the main menu by:
Select Return (to return from the DATA INTERPRETATION screen);

Select Return (to return from the DATA SELECTION screen);

Select Return (to return from the DATASETS screen);

Sdlect Exit; then Select Yesto end the EXAMINE® session.
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15. Tutorial 10: Intersection of Two

Openings
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Figure 15.1: Starting polylinesfor Tutorial 10

In this tutorial, a boundary element mesh will be generated for two intersecting openings. The first opening
represents an underground powerhouse while the second opening is an access tunnel which intersects the
power house as shown in figure 15.2.

Startup EXAMINE®® by sdlecting the EXAMINE® icon in the Start - Rocscience — Examine3D menu.

Select Modeler.

Select File + append to model.
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Select the Portable Geometry File Format (*.geo) from the Files of type drop down list. Click on TUT10 to
select it and then press the Open button.

top->down*** JallDll< =]+ perspective a @I lel= ]

/\
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Figure 15.2: Model Geometry for Tutorial 10 after Construction

Click on the greenish bar at the top of the front view (E-U coordinate) window, to maximizeit. Press the F6
function key to turn on the coordinates.

Select Build Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the western-most polyline. Thispolylineis at an easting of 900. The easting coordinate of the mouse
can be viewed in the greenish bar at the top of the view. The first coordinate represents the horizontal

direction (easting in this case) while the vertical direction is the second coordinate (up direction for the front
view).

[Pick a skin polyline [1 picked, Select Go when done]: |

The next polyline is the next western most polyline at an easting of 994.5. Notice that there are two
overlapping polylines at this location. EXAMINE® is smart enough to recognize that the polyline that you
want to select for the skinning process must have the same number of vertices as the first polyline selected. As
a result you may select anywhere on the polyline. Also notice that where the two polylines overlap or cross,
they have coincident vertices. Thisis strictly required by EXAMINE®®,

|Pi ck a skin polyline [2 picked, Select Go when done]:

Ensure that the two polylines are chosen; then,

Click onlco] .
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|Use default discretization (y): |

Press <

|Enter mesh density factor [1]:

Press <! to accept the default mesh density factor of 1.

[Continue with El ement Generation? (y): |

Notice that 12 interpolation sections have been formed, using 11 temporary interpolation
polylines and the two selected polylines. If you entered [ <= in response to the dialogue
box request, the interpolation polylines would be removed, the original sdlected polylines
would be deselected, and the program would exit from the Build Object menu. In that case,
you would have to repeat the process, starting from “SBlgééd Object + skin”.

The proposed discretization will becgpted. Therefore,
Pressd=—!

SelectBuild Object + skin.

|Pi ck a skin polyline [0 picked, Select Go when done]:

Click on the eastern-most polyline. This polyline is at an easting of 1013.

[Pick a skin polyline [1 picked, Select Go when done]: |

Once again, there are two overlapping polylines at the next location. Click on the upper most, smaller polyline
at an easting of 994.5 remembering that EXAMiRI®ill automatically choose the polyline with the same
number of vertices.

|Pi ck a skin polyline [2 picked, Select Go when done]:

Click onlce] .

|Use default discretization (y):

Pressd—

|Enter mesh density factor [1]:

Press<—! to accept the default mesh density factor of 1.

[Continue with El ement Generation? (y): |

Notice that 3 interpolation sections have been formed, using two temporary interpolation
polylines and the two selected polylines.

Pressd—

Click on the greenish bar at the top of the front view (E-U coordinate) window, to return to all four views.
Press the F6 function key to turn off the coordinates.
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Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the east face of the eastern-most opening.

|Pi ck interior CLOSED nodeline [Go = done]:

Thisfaceis defined by one nodeline. Therefore,
Click on[S2] to obtain the FACES screen.
Select Automatic Mesh.
When meshing is done, Select Retur n; then Select Yes.
Next, discretize the other end face on the western most end of the opening.

Select Build Object + face—

|Pick a CLOSED nodel i ne

Click on the nodeline at the west face of the western-most opening.

|Pi ck interior CLOSED nodeline [Go = done]:

Thisfaceis defined by one nodeline. Therefore,

Click on 52 to obtain the FACES screen.

Select Automatic Mesh.

When meshing is done, Select Retur n; then Select Yes.
The transition faces will now be discretized. Thisis the section defined by easting 994.5 and
represents the change in geometry where the floor of the powerhouse changes from an
elevation of 928.5 to 938.5. At this location, only the region between the large polyline and
small polyline needs to be meshed since this area represents the rock surface.

Proceed as follows:

Select Build Object + face—

|Pick a CLOSED Nodel i ne |

Click on thelarger nodeline, at the junction of the eastern and western sections of the powerhouse (at easting
994.5). Select it by noting that it does not overlap the smaller nodeline on the floor section. Y ou may want to
enlarge the perspective view and zoom into the region around these two nodelines.

|Pick interior CLOSED Nodeline [Go = done]: |
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Click on the smaller nodeline by selecting its floor segment aswell. Ensure that both nodelines at this

transition face are highlighted; then

Click on [S2]to obtain the FACES screen.

Select Automatic Mesh.
When meshing is done, examine the mesh to seeif the eements are of the same general size,
more or less. If not, exploit the randomness of the Automatic Meshing process as follows:
first Select Reset to discard the mesh; then Select Automatic M esh again; repeat the process
until the mesh appears satisfactory. Thereafter,

Select Return; then Select Yes.

The discretization of the main powerhouse excavation is complete. It is useful to shade the
structure, to obtain a clearer display of the geometry.

Select Shade + shade options.

At the SHADE OPTIONS menu, toggle Elements off; then Select Save. Thereafter,
Select Shade + quickshade. Wait.

After viewing the shaded three-dimensional picture of the opening, press|Esc] .

The object check function in the Toolbox menu should now be used to ensure that the mesh
satisfies some basic rules. Proceed as follows:

Select Toolbox + object check. Then continue according to the following dial ogue:

|Check obj ect, element, and node nunbering (y):

Press <+

|Check for zero area elenments (y):

Press <=

|Check triangul ar el enent base/ height ratios (y):

Press <=

|thinun1ratio = [rmax]; element number [Nel] -- Press Enter to Continue

Press <+

|Check for invalid overlapping elenents (y):

Press <=

|Check for invalid intersecting elenents (y):

Press <=
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[Check for Ieaky objects (y):

Press <=

|Geometry is NOT LEAKY |

Splendid!
The powerhouse object is now a valid mesh that could be analyzed on its own. But we want
to add an access tunnel intersecting the eastern end of the structure. Notice that the polyline
section of the access was included with the geo file and can easily be seen in the front view at
around 1003 easting, 950 up.

The first step in the process of attaching two objects is to cut a hole in the larger structure
(powerhouse) that the smaller structure (access tunnel) can fit into. The second step is to
mesh between the boundary of the cut out region in the larger structure and the surface of the
smaller structure. In order to create a good mesh between the two structures, the region
which is cut out should be sufficiently large enough to create well formed elements between
the two objects. The following demonstrates this process.

Return to multi-view display if you are not already in it. Now delete the eementsin aregion around where the
access drift is going to intersect the powerhouse.

Select Pick + element.

|Pi ck El ement [*=all; b=box; c=cbox; r=ratio; ESC=done]:

Press/Bl to activate the box mode.

|PI ace box corner #1 [N U E vn=off, s=off, o=off]:

Enter —

Click onlco] .

|PI ace box corner #2 [N U E vn=off, s=off, o=off]:

-

Click onlco] .

Select Object Tools + delete picked to delete the selected elements.

Let’'s create a nodeline along the edge of the hole we just cut out. Then we can use the
facing facilities to mesh between the edge of this hole and the end ot#ss sunnel we are
connecting.

SelectBuild Polyline + open edge polyline.

|1 Polyline WII Be Created, Continue?

Pressd—
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This created a polyline that follows the edge of the hole created by the deletion of the
elements in the powerhouse. Now let’s convert it to a nodeline. Remember that you can only
face between nodelines.

SelectBuild Polyline + polyline->nodeline.

|Pick Polyline to Convert: |

Pick the polyline that was just created. This is the polyline that follows the boundary of the hole created
through the deletion of the elements on the powerhouse.

This creates a nodeline on the surface of the powerhouse. Now extrude the access drift.

SelectBuild Object + extrude.

|Sel ect Curve to Extrude: |

In the front view, click on the access tunnel cross-section polyline at around 1003 easting, 950 up. Respond at
the prompt line as follows:

|Enter/Pick extrusion dir ([default]) [N U E vn=off, s=off, o=off]: |

Press<—, if the [default] is (-1,0,0)

|Enter I ength of extrusion [default]:

Enter Sl

|Use default discretization (y):

The default discretization is satisfactory.
Pressd=—!

Now let's mesh the hole between the access tunnel and the powerhouse.

SelectBuild Object + face—

|Pick a CLOSED Nodel i ne

Click on the nodeline that was just created on the surface of the powerhouse.

|Pick interior CLOSED Nodeline [Go = done]:

Click on the nodeline on the north end of the access tunnel; then
Click onlSc] to obtain the FACES screen.
SelectAutomatic Mesh.

When meshing is done, examine the mesh to see if the elements are of the same general size,
more or less.

SelectRetur n; then SelecY es.
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You will now notice that the powerhouse and the access tunndl are joined together. All that
remainsisthe closing off of the south end of the access tunnel.

Select Build Object + face—

|Pick a CLOSED Nodel i ne

Click on the noddline at the south end of the access tunnd.

|Pick interior CLOSED nodeline [Go = done]:

Thisfaceis defined by one nodeline. Therefore,
Click on [S2] to obtain the FACES screen.
Sdlect Automatic Mesh.

When meshing is done, examine the mesh to seeif the elements are of the same general size,
more or less.

Select Return; then Select Yes.
The discretization of the main powerhouse excavation and the access tunndl is complete and
they are attached to each other. It is useful to shade the structure, to obtain a clearer display
of the geometry.

Select Shade + quickshade. Wait.

After viewing the shaded three-dimensional picture of the opening, pr&siﬁi .

The object check function in the Toolbox menu should now be used to ensure that the mesh
satisfies some basic rules. Proceed as follows:

Select Toolbox + object check. Then continue according to the following dial ogue:

|Check obj ect, element, and node nunbering (y):

Press <=

|Check for zero area elenments (y):

Press <+

|Check triangul ar el enent base/ height ratios (y):

Press <+

|thinun1ratio = [rmax]; element number [Nel] -- Press Enter to Continue

Press <=

|Check for invalid overlapping elenents (y):
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Press <+

|Check for invalid intersecting elenents (y):

Press <+

[Check for Ieaky objects (y):

Press <=

|Geometry is NOT LEAKY

Splendid!

The geometry isvalid for the analysis. This completes the tutorial, you may now save the file if you wish. Then
exit the program by pressing Ctrl-X or returning to the main menu and choosing the Exit button.
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background image - 59
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isosurface, pick - 98

J

job title, assign - 63, 85
joints - 77

L

leaky object - 21
location, coordinates - 56
locked-in stress - 65
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N pressure - 51
printer support - 8, 15, 82

. . printing - 8, 15, 82
new polyline, function - 23 PTS file - 108

nodeline- polyline, function - 28
nodelines, conversion to polylines - 28
nodelines, defined - 27 Q
nodelines, picking See
nodes, automatic insert - 35
nodes, delete - 35

nodes, generate - 35
nodes, manual insert - 35

quickshade, function - 58

nodes, relocate - 48 R

nodes, reorder - 48

nonp scale, function - 44 radial mesh, function - 35
normal pressure - 51 RDB file - 108

rdbtopts - 108

refinement, geometry - 47
(@) refinement, mesh - 48
relocate node, function - 48
reorder, vertices, nodes - 48
restart options - 106
restart3 - 109

rotate, function - 45
rotations - 45

object check, function - 20
object, copy - 46

object, defined - 41
object, move - 46

object, picking - 41
object, set colors - 57
object, transform - 44

open edge polyline, function - 28 S

orthogonal snap - 8

orthogonal views - 5 scale, function - 45
overlapping elements, invalid - 21 scaling, general - 44

scaling, uniform - 45
scattered data

P interpolation - 108

seismic events - 108

set color, function - 57

set pivot, function - 44

setup options, function - 19
setup options, interpret - 84
shade options, function - 58
shade, elements option - 58
shade, hidden line removal - 58
shade, normals option - 58
shade, wireframe toggle - 58
skin, function - 29

smooth shading - 58

snap, functions - 7

SPA files - 109

staged excavation - 109
strength parameters - 64
strength parameterkloek-Brown - 66
strength parametersohr-Coulomb - 66
stress block, toggle - 63

stress trajectory, ribbons - 88
subdiv elem/poly, function - 47
superimposed, elements - 22
surface area - 16

surface contours, function - 89
surface definition - 50

pan - 54

pick, de-select everything - 39
pick, function group - 39

pick, select everything - 43

pivot point , defined - 44

pivot point, relocate - 44

points, mark - 96

polyline - nodeline, function - 27
polyline markers - 19

polyline, copy - 46

polyline, move - 46

polylines, adding segments to - 27
polylines, as trajectory - 87
polylines, circles - 24

polylines, construction - 23
polylines, conversion to nodelines - 28
polylines, defined - 23

polylines, editing - 24See
polylines, from boundary element edges - 28
polylines, markers - 25

polylines, order of vertices - 25
polylines, picking - 39

polylines, subdivision - 47
polylines, transform - 44
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T

text, delete - 85

text, insert - 84

title bar - 58

traction - 51

traction vector - 51
trajectories, displacement - 92
trajectories, edit - 94
trajectories, stress - 91
trajectory ribbon, defined - 88
transform, function group - 44
transition skin, function - 38
transparency - 57
typographical convention - 9

INDEX

Vv

vertex snap - 8

vertices, reorder - 48

viewpoint, eye+target - 55
viewpoint, status - 20, 55

visible, restore hidden entities - 47
volume - 16

U

ubiquitous joint, enter properties - 77
ubiquitous joint, interpret - 77
uppercase - 9

user-defined functions, interpret - 80

W

welcome screen - 2
windows, pan - 54

windows, zoom in - 54

write pts data, function - 100

Z

zoomin - 4, 54
zoom out - 4



