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Introduction 1

Introduction

ROCFALL is a statistical analysis program designed to
assist with a risk assessment of slopes at risk of rockfalls.
Energy, velocity and "bounce height" envelopes for the
entire slope are determined by the program as is the
location of rock endpoints.

ROCFALL can also assist in determining remedial
measures: the material properties of each slope segment
can be changed and the analysis re-run, comparing the
results. Information about the kinetic energy and location
of impact on a barrier can help determine the capacity,
size and location of barriers.

ROCFALL provides various ways of interacting with other
Windows programs. All input and output data (formatted
in tabular form) and screen captures, can be "pasted" into
a word processor for speedy report writing. ROCFALL
also allows "raw" data (e.g. the impact location on a
barrier) to be "pasted" into a spreadsheet for more
detailed analysis. (e.g. determining what fraction of the
impact locations were above a certain height; or fitting a
probability distribution to the data).

This manual consists of the following tutorials:

1. A Quick Start tutorial, to get new users acquainted
with the basic features of ROCFALL.

2. A Barriers and Collectors tutorial.

3. A Vertex Variation tutorial.
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This manual is intended as a hands-on, getting started
user’s guide. For more information on any ROCFALL
options that are not discussed in these pages, consult the
ROCFALL Help system.

In this manual, instructions such as:

Select: Slope — Define Slope

are used to navigate the menu selections.

Toolbar buttons are displayed in margins (as shown
above) only if the option being described is available in a

ROCFALL toolbar. The toolbar button is always the
recommended and quickest way to use the option.
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Quick Start Tutorial

2 JSIES]
fow_teb =Islx|
£ K| | 2| I
w2 i/ m N xOoB| 2|

This “quick start” tutorial will demonstrate the basic

features of the program, and show you how to perform a
basic RocFall.

If you have not already done so, run ROCFALL by double-
clicking on the ROCFALL icon in your installation folder.
Alternatively, from the Start menu, select Programs —
Rocscience — RocFall —» RocFall.

If the ROCFALL application window is not already
maximized, maximize it now, so that the full screen is
available for viewing the model.

A typical ROCFALL analysis can be performed in a few
minutes, and will consist of the following steps:
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Defining the Slope

1. Define the slope.

2. Define the slope materials.

3. Assign the materials to the slope segments.

4. Define the rock starting locations (seeders).

5. Compute the analysis.

6. Graph the results.

In addition, Barriers and Data Collectors can be defined,
as discussed in Tutorial 2. This Quick Start Tutorial will
take you through the basic steps 1 — 6 outlined above, to
perform a simple ROCFALL analysis. Note: the model
created in this tutorial can also be found in the

SIMPLE.FAL file in the EXAMPLES folder in your
ROCFALL installation folder.

Before we begin, notice that when the ROCFALL program
1s started, a new blank document is already opened. This
allows you to begin creating a model immediately. The
initial view shown on your screen is known as the slope
view.

The user can create a new document at any time, by

selecting the New option from the File menu or the
toolbar.

Limits

Before we define the slope, let’s set the limits of the
drawing region, so that we can see the slope being created
as we enter the geometry.

Select: View — Limits
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Enter the following minimum and maximum x-y
coordinates in the View Limits dialog:

Yiew Limits
—Minimurn =Y Coordinates

* Coordinate: -20

' Coordinate: -30

— Maximum 2% Coordinates

* Coordinate: 40

Y Coordinate:

)

Cancel

Figure 1-1: View Limits dialog.

These limits will approximately center the slope in the
drawing region, when you enter it as described below.

Define Slope

To create the slope, select Define Slope from the Slope

menu or the toolbar.

Select: Slope — Define Slope

Enter the following coordinates in the prompt line at the
bottom right of the screen.

Ent er
Ent er
Ent er
Ent er
Ent er
Ent er
Ent er

vertex
vertex
vertex
vertex
vertex
vertex
vertex

[ ent er =done] :
[ ent er =done] :
[ ent er =done] :
[ ent er =done] :
[ ent er =done] :
[ ent er =done] :
[ ent er =done] :

00

3.1 -12.2
6.7 -12.2
9.8 -24.4
13.4 -25
21.3 -23.5

press Enter
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Note that pressing the Enter key enters each coordinate
pair. When the last vertex has been entered, pressing the
Enter key again adds the slope to screen, and exits the
Define Slope option.

The slope can also be created graphically in ROCFALL, by
simply clicking the left mouse button at the desired
coordinates while using Define Slope. (The Grid and Grid
Snap options are helpful for entering exact coordinates
graphically.)

Reset the slope view by selecting Zoom All from the
toolbar (or you can press the F2 function key to Zoom All).
Your screen should now look as follows:

[~ RocFall - [Rock1:Slope Profile*]

W File Edit “iew GSlope Rocks Bariers Graph Tools Window Help N ETEE|
[oeaEenRvE]aaalaca] e S e 2 7
|5 %[ <* | m Asphait [defaul] vU&kwmzw:‘z\waE\&w\ \Do\nln\g‘

205

9 45 0 15 9 135 18 225 27 315

For Help, press F1 [ [NO SNAPPING [ [NoRocks  [22809.-5134

Figure 1-2: Slope geometry defined.
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Eul

To define the slope material properties, select Material
Editor from the toolbar or the Slope menu.

Select: Slope - Material Editor

Material Editor

i~ Existing Materials

Bedrock outcrops [default]
Clean hard bedrock [default]
Soil with vegetation [defaulf]
Talus Cover [defaul]

Talus with vegetation [default]

—Marne Color
IEledrocK outcrops [defaulf] ’7

— Coefficient of normal restitution (Rn)

Mean |0.35 Standard |gp4q
Deviation

i Coefficient of tangential restitution (R

\_ ! Ii

B Help

Add

Meoan 085 Standard |u.n4
Deviation

—Friction Angle (Phi) [ degrees ] ———

Wean |30 Standard |2
Deviation

Slope Roughness [ degrees]

Mean =

angle of  Standard (g
segment  Deviation

Delete

Default

Copy

idd8

Done

Figure 1-3: Material Editor dialog.

In the Material Editor dialog, you will notice that a
number of default materials have been pre-defined for
your convenience. However, for this tutorial, we will
define three new materials, as described below.

1. Select the Add button in the Material Editor dialog,
and notice that “New Material” appears in the
Existing Materials list.

2. Change the name of this new material to Type One,
and enter the properties given in Table 1-1.

3. Repeat steps 1 and 2 to define two more new
materials named Type Two and Type Three. See Table

1-1 for properties.
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Rn Rt Phi Rough-
Name (mean | (mean | (mean| | ness (sd) Color
sd) sd) sd)
Type One 0.8]0.03 0.8]0.03 300 0 Black
Type Two 0.7]0.03 0.8]0.03 301|0 0 Green
Type Three 0.5]0.03 0.5]0.03 301|0 0 Pink

Table 1-1: New material properties.

4. When you are finished entering all of the properties,
select the Done button in the Material Editor dialog.

You are now ready to assign the material properties to the

slope.

NOTE:

e Standard deviations are NOT mandatory. If you

would like a property specified “exactly” by it’s mean
value, then simply enter a standard deviation of 0.0
(zero) for that property.

» Slope colours have no bearing on the analysis. They
are simply used for identification purposes.
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Material properties are assigned to the slope segments
with the Slope Editor dialog, available in the Slope menu.
You can also invoke the Slope Editor dialog by double-
clicking on a slope vertex. (Materials can also be assigned
graphically with the mouse. This is described in the next
section).

Select: Slope — Slope Editor

Let’s assign our newly defined materials (Type One, Type
Two and Type Three) as follows:

1.

In the Slope Editor dialog, double click the mouse in
the SECOND row of the Material column, and select
Type One from the drop-down list of available
materials. This will assign the material Type One to
the SEGMENT between vertices 1 and 2.

Double click the mouse in the THIRD row of the
Material column, and select Type Two. This will
assign the material Type Two to the SEGMENT
between vertices 2 and 3.

Proceed in this manner, until the materials are
assigned as shown in Figure 1-4. Click OK when done.

Slope Editor

Wertex ®m] ‘ st dew ‘ ' [m] ‘ std dev | Material

1 0.000 0.000 0.000 0.000

3100 0.000 -12.200 0.000 Type One

6.700 0.000 -12.200 0.000 Type Two

9.800 0.000 -24.400 L0000 Type One

13.400 0.000 -25.000 U000 Type Three

o o| =] wf

21.300 0.000 -23.500 0000 Type Three

™ Use standard deviations when generaling slope vertices ot etdid e, | Copy | Ok | Cancel |

Figure 1-4: Slope Editor dialog.
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Graphical Method of Assignment

Although we illustrated the slope material assignment
using the Slope Editor dialog, material assignment can
also be done graphically with the mouse, using:

*  The “Assign” toolbar button (the “paintbrush” button)
in the toolbar, in conjunction with the pull-down list
of material names.

< | H Type One -

In most cases you will find it easier to graphically assign
materials, rather than use the Slope Editor dialog. To
assign materials graphically, simply:

1. Select the Assign toolbar button.
2. Select a material from the list in the toolbar.

3. Select slope segments with the left mouse button.
(Multiple segments can be selected with a selection
window. Click AND HOLD the left mouse button and
drag to create a window).

4. When finished, press the Enter key or right-click the
mouse and select Done.

Tip:

If you right-click the mouse on a slope segment and select
Assign Material, this will display the Slope Editor dialog,
with the current material for the clicked-on segment
already highlighted. Use the Slope Editor dialog as
described previously, to assign a different material.
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Data Tips

“Data tips”, which appear when you place the cursor for a
few moments over entities of the model, are a useful
feature of ROCFALL.

For example, if you place the cursor over a segment of the
slope, the material properties of the slope segment will be
displayed, as illustrated below.

Segment; 2

(RN REPH)= (0.70, 0.0, 30.0)
Rolghness 0,00

Type Two

Figure 1-5: Data tip for slope properties.

If you place the cursor directly over a vertex of the slope,
the data tip will display the x-y coordinates of the vertex
(and the standard deviations used, if any).
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Wertex: 3
y)= (6.700,-12,200)

Figure 1-6: Data tip for vertex coordinates.

Data tips allow you to quickly check on model properties
onscreen while viewing the model, without having to
return to the data input dialogs, etc.

Data tips are available for all ROCFALL model entities,
also including seeders, barriers and data collectors.
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Defining Rock Seeders

The final mandatory step to complete a ROCFALL model
is to define the initial conditions for the rocks (location,
mass and velocity).

Rock starting locations can be defined as either:

* POINTS (Add Point Seeder option) or

 LINES (Add Line Seeder option).

For this tutorial, we will simply add a single point seeder
(ie. All rocks will originate from one location). Select Add
Point Seeder from the toolbar or the Rocks menu.

Select: Rocks — Add Point Seeder

pe

1. Right-click the mouse and select Vertex Snap from the
popup menu.

2. Move the cursor near the first slope vertex (ie. the
vertex at 0, 0). When the cursor is close to the vertex,
it will “snap” to the exact location of the vertex (since
we turned Vertex Snap on in step 1).

3. When the cursor (blue cross) is snapped to the vertex,
click the left mouse button, and the Define Initial
Conditions dialog will appear.



14 ROCFALL User's Guide

Define Initial Conditions x|
Mean Std Dess.
Horizontal velocity [ms] |1.5 ID.15
Yerical velacity [mfs] ID ID
Mass [Kg] |10 [
Angularyelozity raclis] ID ID
Ok I Cancel |

Figure 1-7: Define Initial Conditions dialog.

Enter a Mean Horizontal velocity = 1.5 and a standard
deviation = 0.15. Leave all other parameters as shown in
Figure 1-7. Select OK when done.

Note that “data tips” are also available for the rock seeder.
Hover the mouse over the point seeder at (0, 0) and you
should see the initial conditions we just defined.

_k_

owelocity 150015
“welocity 0.000.00
bass 10.000.00
Angular 0.00 0.00

Figure 1-8: Data tip for seeder properties.
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To run the ROCFALL analysis, select the Compute option
from the Rocks menu or the toolbar.

Select: Rocks — Compute

The calculation should only take a few seconds or less,
and your screen should look similar to Figure 1-9.

lsix]
& Bartirs Graph Toos Window bep ~lslx|
IR V@Y [QRA|AR ]| w L i 2|l

il v e | w2 | G| N N O OB~

: ]

For Help, pressF1 VERTEX ShAP. S0Rocks [12.526,:3.066.

Figure 1-9: Results of ROCFALL analysis (50 rocks).

If your results appear slightly different from those in
Figure 1-9, remember that by default, ROCFALL uses
Random number generation during the analysis, and
therefore results will be different each time the analysis is
run. Reproducible results can be obtained by using the
Pseudo-Random option, as discussed later in this tutorial.

For this analysis, the default number of 50 rocks was
used. This simulation parameter is found in the Project
Settings dialog, and will be discussed later in this tutorial.
However, let’s graph some results first.
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Graphing the Results

The horizontal location of endpoints is one of the most
common and easily understood results from a ROCFALL
analysis.

Select: Graph — Endpoints

Your screen should look similar to Figure 1-10.

islx]
lslx|
IEEEIEY TR
ILRIED =

Horizontal Location of Rock End-points

Number of Racks

For Heb, press F1 [ veRTEXSAP | SoRocks |

Figure 1-10: Endpoints graph (split-screen view).

By default, when a graph is first generated in ROCFALL,
it is presented in a Split View format, with the slope
shown in the lower half of the screen as a visual reference.
(NOTE that the slope is vertically compressed in this
view, 1e. the X and Y axes are not to the same scale).

The Split View mode can be toggled on or off at any time,
by selecting the Split View option from the toolbar or the

Graph menu.

Select: Graph — Split View
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The graph is now maximized in the view.

Chart Properties

Right-click on the graph and select Chart Properties.

Chart Properties x|
—Verical Axis
[~ Custom Title INumberof Rocks
[~ Custom Range K IU ffe: I11
— Horizontal Axis
I~ Custom Title |Location [rn]
[~ Custormn Range Mm:lD fee [21.3
— Chart Title
[~ Custom Title IHDrianta\ Location of Rock En
— Mumber of Bing ———— Apply |
[~ Custom I5U -
Default | Cancel

Figure 1-11: Chart Properties dialog.

The Chart Properties dialog allows the user to customize
the vertical and / or horizontal ranges, as well as axis and
graph titles. This is left as an optional exercise. Select OK
or Cancel.

Statistics

Right-click on the graph and select Statistics. A dialog
displaying graph statistics will be displayed, as shown in
Figure 1-12.

Scroll down to view the information in the Statistics
dialog.
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Notice the Copy button in the Statistics dialog. Selecting
this button allows you to copy the information in the
Statistics dialog, to the Windows clipboard. From the
clipboard, it can be pasted into word processing or
spreadsheet programs, for further analysis, or report
writing.

Select OK to close the Statistics dialog.

Distribution Statisti a X

Harizantal Location of Rock End-paints -~

Statistics of Riaw Data

MNumber of data points: 50

Minimum 15.5042
hdaximum 20.2489
hean: 181378
Standard deviation: 111364
Range: 4.74477
hedian: 181214
W ariance: 1.24024

Best Fitted Distribution
(using kolmogorow-Smimoy Test)

INormal Distribution

Minimum walue 15.5042
haximum value 20.2489
Mean walue: 181378
Standard Deviation 111364 LI

Copy |

Figure 1-12: Distribution Statistics dialog.

Copy Raw Data

In the Edit menu, you will notice a Copy Raw Data option.
This allows the user to copy the raw data used to generate
graphs, to the Windows clipboard. From the clipboard, the
raw data can be pasted into word processing or
spreadsheet programs, for further analysis, or report
writing. This allows you, for example, to perform “custom”
analyses that are not available with ROCFALL. For
instance you could copy the “raw” data associated with the
rock endpoints into your spreadsheet, sort the data and fit
an unusual probability distribution to the data.
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Envelope Graphs

Kinetic Energy (Total, Translational, and Rotational),
Velocity and Bounce Height envelopes can also be
generated for ROCFALL analyses.

Select: Graph - Graph Envelope

The Graph Envelope dialog appears. It has a drop down
list of the various envelopes that can be plotted.

Graph Envelope E
Graph to create
’7 Bounce Height -

Create Graph Cancel |

Figure 1-13: Graph Envelope dialog.
Select Total Kinetic Energy from the list and click on the

Create Graph buiton to view the results.

=lox]]
~lsix]

b fie Ec
IEELIEY R 2 %k e | 17 1K

2|5 | [aa| -\« DOE| 2

[EEd )R | B e
Total Kinetic Energy Envelope
o NN
- Vi \s
50 / v
w /
- /
- /
1100; {
- ~
';g 1000+ ot /
3/ /
1/ /
w /
-/ \ / L
w oty
. o
a0 1/ \ / N A \
. / \\ / - \
ey, "/ \

For Help, press 1 [eRTEX S | 0Rodks

Figure 1-14: Kinetic Energy Envelope (Split View toggled OFF).
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E

Note:

e Each graph is initially generated with the Split View
option toggled ON. This can be toggled ON or OFF at
any time, as described earlier for the Endpoints
graph.

e When the Kinetic Energy, Velocity or Bounce Height
graphs are initially generated, a new view is created
for each graph. Only one view of each graph type can
exist. If these graph types are re-selected AFTER a
graph has been created, the active view will simply
revert to the selected graph. A new view will NOT be
generated in this case.

Distribution Graphs

Kinetic Energy (Total, Translational, and Rotational),
Velocity and Bounce Height distribution graphs can be
generated.

The distribution graphs show the distribution of results at
X locations (horizontal locations) along the slope.

Select: Graph — Graph Distribution

The Graph Distribution dialog, with a drop down list of
distribution graphs, will appear.

Graph Distribution

Graph to create
’7 Tatal Kinetic Energy -

| Create Graph I Cancel

Figure 1-15: Distribution Plot dialog.
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Select Total Kinetic Energy from the dropdown list and
select Create Graph.

Your screen should appear similar to Figure 1-16.

Rocral lslx|
Wbl EGt vew =lslx|
IEELIEY Iy
e

% e | |1 X
¥ exfsn xoos|s|

Total Kinetic Energy Distribution at x=10.650

0 M0 20 A 40 S0 60 70 B0 w0 1000 100 100 10 140 180 f6m 1700

For Feb, press F1 VERTEX SNAP S0Rocks

Figure 1-16: Kinetic Energy Distribution at x = 10.6.
Note the following properties of the distribution graph:

* A thick vertical line on the slope marks the X location
of the data sampling. To sample data at other
locations, simply click the left mouse button anywhere
on the slope. The vertical line will indicate the
selected position, and the graph will immediately be
updated.

e Ifyou click AND HOLD the left mouse button on the
slope, you can drag the vertical line marker along the
slope, and the graph will be updated as the line is
moved.

e The sampling location can also be moved with the
left/right arrow keys, or the mouse wheel (if your
mouse has a mouse wheel).
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Adjusting the Sampling Locations

The X locations of the data sampling are determined by
the horizontal extent of the slope divided by the Number
of Sampling Intervals in the Project Settings dialog. In
general, these X locations will not be round numbers.

To obtain round numbers for the X locations of the data
sampling on the distribution graphs, you can:

e adjust the Number of Sampling Intervals in the
Project Settings dialog, and / or

+ modify the total X extent of the slope (eg. extend or
shorten the first or last segment so that the total
horizontal extent of the slope is a round number.)

EXAMPLE: if the total X extent of the slope is 50 meters,
and the Number of Sampling Intervals is 100, this will
provide sampling at 0.5 meter intervals along the slope).

Distributions at exact X locations can also be obtained by
defining Data Collectors at the desired locations, and
graphing the results for the collector(s). See the Barriers
and Collectors tutorial for details.
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Tiling the Views

If you wish, you can now tile the views.

Select: Window — Tile Vertically

Depending on how many graphs you have generated, and
whether or not you have the Split View option toggled on
or off on each view, your screen may look something like
Figure 1-17.

“Roc2 ~lslx]
fle Edit View Rocks Graph Tooks
IEECIEY R
] I -
e x|
Total Kinetic Energy Distribution at x=11.076 Horizontal Location of Rock End-points
g & 10
' P netl e,
H . £
5% T a ew o o o we o ST e s s s 1517 18 1020 20
Total ke Energy ] Locaion ]
Rock2: Total Kinetic Energy Envelop JRI=TEA] |~ Rocka:Slope Profile® B =101
Total Kinetic Energy Envelope
1600 .
0
% 1200
1 1000:
% o
< oo
[
m
0123 456 7 8 9101 121314151617 1819 20 21 A
Location [m]
=5 35 E3
For Heb, press F1 [ VERTEXSUWP | [S0Rocs 250765661

Figure 1-17: Tiled views.
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Re-running the Analysis

You can re-run the analysis by re-selecting the Compute
option as many times as desired.

Select: Rocks — Compute

All views and graphs will be updated with the cumulative
results of all rocks thrown. Note that the total number of
rocks thrown is displayed in the status bar. (For example,
if you selected Compute five more times, the status bar
would indicate 300 rocks thrown).

| [WERTEX SNAF |GRID 300 Rocks

Clearing the Rock Paths

To start a new ROCFALL analysis with a clean slate,
select the Clear Rock Paths option from the toolbar or the
Rocks menu.

Select: Rocks — Clear Rock Paths

This will erase all existing rock paths on the slope, and
erase all previously collected data. Any graph views that
may have been open will indicate “No Data Available”.

Note that ROCFALL automatically clears the rock paths
any time that changes are made to the model, which would
invalidate the currently displayed results. For example, if
a new material is assigned to a slope segment, ROCFALL
will automatically reset the rock paths.
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Project Settings

A

For this Quick Start tutorial, we have so far used the
default simulation parameters. Let’s now change some of
the simulation parameters in the Project Settings dialog,
and re-run the analysis.

Select: Rocks — Project Settings

Project Settings [x]
—PRaock setup Friction angle
MNumber of Rocks to throw 500 & Use friction angle from material editar

" Calculate friction angle from Rt

Minimum velocity cut-off U1 Imdsl |~ gethiction angleto zera (ralling )
— Sampling Intervals Angular velocity of the rocks
MNumber of horizontal locations to anakyze a0 ( ¥ Consider angular velocity
— Coefficient of normal restitution (Rn) scaling
™ Scale Rn by Velacity Brilaealed)= EnliHreekKre where ke | 9144 Trrye]
™ Scale Bn by mass Brilsealed)= BniiHireckiCir ) where C= | 1000
—Random-number generation—— [~ uliiseeder probabilit setup
* Random % Eouel rebakilitien enyveseder
 Pseudo-random ) Prababilit, dependsian [Enothof seeder

I= | Sreciiyeeed 190274
OK I Cancel

Figure 1-18: Project Settings dialog.

Change the Number of Rocks to Throw to 500, and change
the Number of Sampling Intervals to 100. Select OK.

Re-run the analysis again (select Compute), and plot
graphs as before.

Note the speed of the analysis (500 rocks should still only
take a few seconds to compute). It is important to note
that the Number of Sampling Intervals is used during the
ROCFALL calculations, and determines the frequency of
data collection along the rock paths, and also affects the
speed of the analysis. Any time the Number of Sampling
Intervals is changed, a new ROCFALL analysis must be
performed (previous results will automatically be erased.
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i

Pseudo-Random Simulation

By default, ROCFALL uses true Random number
generation to sample the input data distributions you
have defined for material properties etc. This means that
each time Compute is selected, the analysis results will be
different, and different rock paths will be generated. This
is because a different “seed” number is used each time the
random number generator is called.

However, there may be times when you wish to generate
reproducible results for a ROCFALL analysis. The
Pseudo-Random option in the Project Settings dialog
allows this.

Pseudo-Random simulation means that the SAME "seed"
number is always used to generate random numbers for
the sampling of the input data distributions. This results
in identical sampling of the input data distributions, each
time the analysis is run (with the same input
parameters). This can be useful for demonstration
purposes, the discussion of example problems, etc.

To demonstrate Pseudo-Random sampling:
Select: Rocks — Project Settings
Select the Pseudo-Random option and select OK.

Now select Compute several times. Notice that the rock
paths DO NOT CHANGE when Compute is selected,
because the input data sampling is now Pseudo-Random
instead of Random.

Finally, notice that in the Project Settings dialog, a user-
specified seed number can be entered for the Pseudo-
Random option. Changing the seed number will give
different analysis results. However, for a given seed
number, results will always be the same (ie. Pseudo-
Random). This is left as an optional exercise for the user
to experiment with.
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In ROCFALL, various options are available for exporting
image files.

Export Image File

The Export Image File option in the File menu or the
right-click menu, allows the user to save the current view
directly to one of four image file formats:

« JPEG (*.jpg)

*  Windows Bitmap (*.bmp)

*  Windows Enhanced Metafile (*.emf)
*  Windows Metafile (*.wmf)

Copy to Clipboard

The current view can also be copied to the Windows
clipboard using the Copy option in the toolbar or the Edit
menu. This will place a bitmap image on the clipboard,
which can be pasted directly into word or image
processing applications.

Black and White Images (Grayscale)

A useful option in ROCFALL is the Grayscale option,
available in the toolbar, the right-click menu or the View
menu. This will automatically convert the current view to
Grayscale, suitable for black and white image
requirements. This is useful when sending images to a
black and white printer, or for capturing black and white
image files.

The Grayscale option works as a toggle, and previous
colour settings of the current view will be restored when
Grayscale is toggled off
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Info Viewer

The Info Viewer option in the File menu and the toolbar,
displays a summary of all ROCFALL model parameters in
its own view. This includes:

* Slope geometry

*  Slope materials

* Seeder properties

e Simulation parameters

* Barrier and collector properties

Select: File — Info Viewer
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RocFall Analysis Information

Document Name

Rock2

Project Settings

Unis: Metric

Friction angle: Use friction fngle specified in material editor
Minimurm Velocity=0.1

Anguiar Velacity of the rocks NOT CONSIDERED

Standard Deviations NOT USED when generating siope vertices

Slope

Seqment 1, Material. Tupe One
Start Point’ X mean=0 std dev=0 Y mean=0 std dev=0
End Poirt: X mean=3.1 std dev=0 Y mean=-12.2 std dev=0

Seament 2, Material: Type Two
Starl Point X mean=3.1 sld dev=0 Y mean=-12.2 sld dev=0
End Poirt: X mean=6.7 std dev=0 Y mean=-12.2 std dev=0

Seqment 3, Material. Tvpe One
Start Point’ X mean=6 7 std dev=0 Y mean=-12.2 std dev=0
End Poirt. X mean=9.8 std dev=0 ¥ mean=-24 4 std dev=0

Seqment 4, Material: Type Three

Starl Point’ X mean=9.6 sld dev=0 Y mean=-24.4 sld dev=0
End Point: X mean=13 4 std dev=0 Y mean=-25 std dev=0
‘Seqment 5, Material: Tvoe Three

Start Point’ X mean=13 4 <td dev=0 Y mean=-25 std dev=0
End Poirt. X mean=213 sld dev=0 Y mean=-23.5 std dev=0

Materials

Material name: Type One

Coeffcient of Normal Resiitution (RN): mean=0.8 std dev=0.03

Coeflicient of Tangential Restitution (RT): mean=0.8 std dev=0.03

Friction Angle: mean=30 std dev=0

Roughness: std dev=0 -

For Feb, press F1 VERTEX SNAP 1500 Rodks

Figure 1-19: ROCFALL Info Viewer listing.

The Info Viewer information can be copied to the
clipboard using the Copy option in the toolbar or the Edit
menu, or by right-clicking in the view and selecting Copy
to Clipboard. From the clipboard, the information can be
pasted into word processing programs for report writing.
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The Info Viewer information can also be sent directly to
your printer using the Print option in the File menu.

NOTE that analysis results are NOT recorded in the Info
Viewer. However, as discussed earlier in this tutorial:

*  Graph results can be copied to the clipboard with the
Copy Raw Data option in the Edit menu.

*  Graph statistics are available with the Statistics
option in the Graph menu.

Saving ROCFALL Models

Before concluding this Quick Start Tutorial, we will save
our ROCFALL model.

Select: File — Save

We will enter the name QuickTutorial.fal for our file.

This brings us to the end of this Quick Start Tutorial. To
exit the program:

Select: File — Exit
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Barriers and Collectors Tutorial
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This tutorial will demonstrate how to add Barriers and
Collectors to a ROCFALL model, and interpret the
results.

If you have not already done so, run ROCFALL by double-
clicking on the ROCFALL icon in your installation folder.

Or from the Start menu, select Programs - Rocscience

—

RocFall - RocFall. If the ROCFALL application window

is not already maximized, maximize it now, so that the
full screen is available for viewing the model.

We will start with the same model we created in the

previous “quick start” tutorial. This file is available in the

SIMPLE.FAL file in the EXAMPLES folder in your
ROCFALL installation folder.

Select: File — Open
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Barrier Overview

Navigate to the EXAMPLES folder in your ROCFALL
installation folder, and open the SIMPLE.FAL file.

Adding a Barrier

A Barrier in ROCFALL is a line segment with one end on
the slope surface, which can be placed anywhere along the
slope in order to alter the paths of the rocks as they travel
down the slope.

Barrier properties may be defined as:

e Perfectly Inelastic (Rn=Rt=0)
e Perfectly Elastic (Rn=Rt=1)

e Custom (any intermediate coefficients of restitution
between 0 and 1).

e In addition, barriers can be assigned a breaking
capacity in terms of the maximum energy before rocks
break through.

Any number of barriers can be added to the slope.
Barriers, however, cannot cross other barriers and cannot
cross slope segments.

ot

To add a barrier to the slope, select the Add Barrier
option from the Barriers menu or the toolbar.

Select: Barriers — Add Barrier

Since the first point of a barrier line segment must always
be on an existing slope segment, you will notice a cross
marker move along the slope as you move the cursor. This
marker indicates the point on the slope nearest to the
cursor location, and is an aid for graphically adding the
first barrier vertex to the slope by clicking the left mouse
button.
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However, for this example, we will enter exact coordinates
in the prompt line, since it is difficult to enter exact
coordinates graphically.

Sel ect location for the first endpoint
[ esc=cancel]: 17.35 -24.25

Sel ect location for the second endpoi nt
[ esc=cancel]: 17.35 -17

Your model should now look like Figure 2-1:
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Figure 2-1: Barrier added to slope.

As you can see, we have added a vertical barrier at the
midpoint of the last segment of the slope.

You will also notice that the existing rock paths, which
were present when we loaded the file, were reset when
the barrier was added. This is done automatically by
ROCFALL, since a new analysis is required whenever a
barrier (or a data collector) is added to the model.
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Default Barrier Properties

When a barrier is first added in ROCFALL, the default
properties of the barrier are Perfectly Inelastic (Rn = Rt =
0.0).

Barrier properties can be changed in the Barrier Editor

dialog. This will be discussed shortly. However, let’s first
run the analysis using the default properties.

Compute

Run the analysis by selecting the Compute option from
the toolbar or the Rocks menu.

= Select: Rocks — Compute

The calculation should only take a few seconds, and your
screen should look similar to Figure 2-2.
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Figure 2-2: ROCFALL analysis with barrier.
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Since the barrier is “perfectly inelastic” all rock paths
which intersect the barrier come to a complete stop. The
rocks do NOT rebound, but simply fall straight down to
the bottom of the barrier, and come to rest.

As an optional exercise, you can verify this by:
e Zooming in to the barrier (use the Zoom Window

option) and observing the rock path intersections with
the barrier.

* Plot an Endpoints Graph (select Graph —» Endpoints)
and observe that nearly all rock paths terminate at
the barrier (a few bounce short and fall back down the
slope). See Figure 2-3.
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Figure 2-3: Endpoints Graph (Perfectly Inelastic barrier).

If you performed the above optional steps, close the
Endpoints Graph, and reset the slope view by selecting
Zoom All from the toolbar (or you can press the F2
function key to Zoom All).
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Changing the Barrier Properties

Barrier properties can be modified with the Barrier Editor
dialog. This is available through the Barriers menu,
however, a convenient shortcut is to right-click on a
barrier, and select Edit Barrier from the popup menu. Do
this now.

Change the barrier from Perfectly Inelastic (Rn = Rt = 0)
to Perfectly Elastic (Rn = Rt = 1). Select the Perfectly
Elastic checkbox, and select Done.

Barrier Editor il
—Existing Barriers —Response to Impact
I Perfectly i Coefficient of normal restitution (Rn ) Sopy
Inelastic 1 Standard 0
i [Bereciy Mean Daviation Done |

Elastic . _
""""""" — Coefficient of tangential restitution [ Rt)

™ Custom —> Mean |—1 Standard l—g
Deviation

FMName— {Capaciw(lramslatinna\ KE)

Eiarrierdil ¥ Infinite 01

Figure 2-4: Barrier Editor dialog.

Now re-run the analysis.

Select: Rocks — Compute

As described in the previous section, use Zoom Window to
zoom 1n to the barrier and observe the rock paths. Since
the barrier is Perfectly Elastic, all rocks now bounce off
the barrier, and no longer “stick” to the barrier, as they

did when the properties were Perfectly Inelastic.

This will be evident if you view the Endpoints Graph.
Select: Graph — Endpoints
Compare Figures 2-3 and 2-5. As you can see, the rocks

now bounce off the barrier and come to rest at various
locations to the left of the barrier.
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Figure 2-5: Endpoints Graph (Perfectly Elastic barrier).

Close the Endpoints Graph, and if you zoomed in to the
barrier as suggested earlier, press F2 to Zoom All.

Of course, real barriers are not Perfectly Elastic or
Perfectly Inelastic.

As an optional exercise, select the Custom checkbox in the
Barrier Editor dialog, and enter values between 0 and 1
for the Normal and Tangential Coefficients of Restitution,
and re-run the analysis.

Barrier Capacity

Barriers in ROCFALL can be assigned a capacity in terms
of the energy required to break through the barrier. Any
rocks that contact the barrier with a kinetic energy
exceeding the barrier capacity will pass through the
barrier, with a reduced velocity. Let’s demonstrate this.

1. Right click on the barrier, and select Edit Barrier.
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In the Barrier Editor dialog, de-select the Infinite
Capacity checkbox, enter a capacity = 100 Joules, and
select Done.

Re-run the analysis (select Compute), and observe
that some rock paths now pass through the barrier.
Use Zoom Window to zoom in to the barrier, as shown
in Figure 2-6.
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Figure 2-6: Rocks passing through barrier with finite capacity.

Before we continue, reset the barrier capacity to Infinite
in the Barrier Editor dialog. Press F2 to Zoom All. Select
Compute to re-run the analysis.

Graphing Barrier Results

For each barrier, the following graphs can be plotted for
rocks that strike the barrier:

Total Kinetic Energy

Translational Kinetic Energy
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* Rotational Kinetic Energy
* Translational Velocity
* Rotational Velocity

e XorY (horizontal or vertical) impact locations on the
barrier

Select the Barrier and Collector Graphs option from the
toolbar or the Graph menu.

Select: Graph - Barrier & Collector Graphs

In the Graph dialog, select Vertical Impact Location from
the pull down list, and select Done.

—Bariers / Data Collectors

Cancel

Figure 2-7: Graph dialog for Barriers and Collectors.

*  Note — the Horizontal Impact Location graph is not
available, since the barrier in this case is vertical.

Similarly, using the Graph dialog, plot graphs of Total
Kinetic Energy and Translational Velocity.

You have now generated three graphs for the barrier. Tile
the views so that you can view all graphs at once.

Select: Window — Tile Vertically

Your screen should look similar to Figure 2-8.
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Figure 2-8: Barrier graph results.

* Note —the X or Y impact locations are plotted in terms
of the absolute coordinates of your model.

A shortcut for generating Barrier Graphs, is to right-click
on a barrier, and select the desired graph.

As an optional exercise, select Compute several times, and
observe that all graphs are immediately updated to reflect
the cumulative results of all rocks generated by the
analysis.

When you are finished examining the graphs, close the
three graph views, and maximize the Slope view.

That concludes this introduction to barriers in ROCFALL.
We will now move on to a discussion of Data Collectors.
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Data Collectors Overview

Adding a Data Collector

A “data collector” in ROCFALL is simply a line segment
that gathers information about rocks, passing through the
segment while falling down the slope. It is not a physical
entity. “Data collectors” record the velocity, kinetic
energy, vertical location, and horizontal location of all
rocks that pass through as they travel down the slope.

Unlike barriers, data collectors do not affect the
movement of the rocks in any way.

Data collectors do not have any properties associated
with them (other than the endpoints defining their
location), and do not have any directionality (i.e. it
doesn’t matter which end is the starting point and
which end is the ending point).

There is no restriction on the number of data
collectors or where they can be placed. They may
intersect or cross the slope, barriers, or other data
collectors at any location.

Ili.l
o

To add a data collector to the model, select the Add Data
Collector option from the toolbar or the Barriers menu.

Select: Collectors — Add Data Collector

1.

Right-click the mouse and select Vertex Snap from the
popup menu.

Move the cursor near the lowermost slope vertex at
(13.4, —25). The cursor should snap to the exact
location of the vertex.

Click the left mouse button to enter this as the first
point of the data collector.
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4. Now let’s enter the second point through the prompt
line.

Sel ect location for the second endpoi nt
[ esc=cancel]: 13.4 -17

Your model should look like Figure 2-9. (The text and
arrows were added with the Text Box and Arrow options
in the Tools menu. This is left as an optional exercise).
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Figure 2-9: Data Collector added to model.

As you can see, we have added a vertical data collector to
the left of the existing barrier.

Notice that the existing rock paths were reset when the
data collector was added. This is done automatically by
ROCFALL, since a new analysis is required whenever a
barrier or a data collector is added to the model.
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Run the analysis by selecting the Compute option from
the toolbar or the Rocks menu.

Select: Rocks — Compute

The calculation should only take a few seconds, and your
screen should look similar to Figure 2-10.
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Figure 2-10: ROCFALL analysis with barrier and collector.

As you can see, the data collector has no effect on the rock
paths.

We can now graph results for the data collector in exactly
the same way that barrier results were graphed.
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Graphing Data Collector Results

Graphs for Barriers and Collectors can be generated using
the Barrier and Collector Graphs option, available in the
toolbar or the Graph menu. This was demonstrated
earlier for the barrier graphs.

An alternative to using this dialog, is to simply right-click
on a barrier or collector, and select the desired graph.
Let’s demonstrate this now.

Right click on the collector, and select Graph Y-Impact
Location from the popup menu. Your screen should look
similar to Figure 2-11.

=lsx|
=l8ix|

IEEEIEY TR
ILRIED =

8 i 2 | 2 1F
x|[izms cToE|7|

‘Y-impact Location on Collector001

—

For Heb, press F1 [ veRTEXSAP | 4oRocks |

Figure 2-11: Vertical Impact Location for Collector.

Note that the impact locations are in terms of the absolute
coordinates of your model, rather than relative
coordinates (ie. measured from one end of the collector).
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To view statistics for this graph, right click on the graph

and select Statistics from the popup menu. You will see

the following dialog.

Distribution S tatiski

r-mpact Location on Collectord01

Statistics of Raw Data

MNurnber of data points: 61

Minirnum -24.9918
I axirnum: -20.7537
Mean: -22.9142
Stanclard deviation: 1.39002
Range: 4.23808
Median: -22.6702
arance: 1.93215

Best Fitted Distribution
(using Kalmogorow-Smimoy Test)

Exponential Distribution

Minirmum value: -24.9918
Maximum value: -20.7537
Mean value: -22.9142

Copy

Figure 2-12: Collector statistics (Y-Impact location).

Notice that the number of data points is 61, but we only

simulated 50 falls.

This is because collectors record data each time that a
rock path crosses the collector. In this case, many of the
rocks crossed the collector a second time, after bouncing

off the barrier.

In general, the number of data points recorded on a
barrier or collector graph will not necessarily be equal to

the number of rocks thrown, and will depend on how many

times each rock path actually intersected the barrier or

collector.

When you are done viewing the Statistics dialog, click the
OK button, and close the Graph window.
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Filter Rock Paths

ROCFALL has a feature for filtering rock paths with
specified characteristics from other existing paths. Using
the filtering options, you can view statistical information
and distribution graphs for selected paths only.

There are three ways of filtering rock paths:

»  Filter by Picking — this option allows you to
graphically select rock paths in the Slope Profile view.

e Filter by Value — this option filters rock paths based
on either endpoint locations or path coordinates.

» Filter by Impact — this option filters rock paths based
on their characteristics, such as Total Kinetic Energy,
Translational Velocity, etc., as they pass through
collectors or as they impact on barriers.

As an example, from the 50 rock paths in this tutorial, we
will use the Filter by Impact option to single out the three
rock paths that have the highest total kinetic energy,
upon impact with Barrier001.

Select: Rocks — Filter by Impact

The Filter by Impact dialog appears.

[Filter by Tmpact x|

—Barriers { Data Collectors
@ Select all paths impacting this object
Gollectordl " Selectpathswith: ——— ]
Highest Total Kinetic Energy: -
I zdraurm number of paths: 13:

—Paths alreachy filtered

@ Discard the current selection and apply this filter Apply Filter I

 Apply this filter to narrow the existing selection

" Add this filter to the current selection Cancel

Figure 2-13: The Filter by Impact dialog.
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In the dialog, choose Barrier001 from the list of barriers
and collectors in the model. Pick the “Select paths with:”
radio button. Next, choose Highest Total Kinetic Energy
from the drop down list of characteristics that form the
basis of filtering. Enter a value of 3 for the “Maximum
number of paths” to be filtered.

When you are done, press the “Apply Filter” button. Click
Cancel to close the dialog.

The filtered paths are displayed in a different colour in
the slope view.

We shall now view the Total Kinetic Energy graph and
statistics for the paths that were filtered out.

In the slope view, right-click on the barrier. Select Graph
Total Energy from the ensuing popup menu. A graph of
the Total Kinetic Energy of all paths in the analysis is
shown on your screen.

Tile the view so that both the Graph and Slope Profile
views are visible on your screen. Next, right-click on the
graph, and select Statistics from the popup menu. The
Statistics dialog appears on your screen.

Now we are ready to hide all other results and look at
only information on the filtered paths.

Select: Rocks — Filtered Paths Only

Immediately, the two views and the Statistics dialog are
updated to display information on the filtered paths only.
Clicking the Filtered Paths Only option again causes all
paths to be redisplayed.
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Distribution Graphs vs. Collector Graphs

To wrap up this tutorial, we will make an important point

concerning Distribution Graphs and Collector Graphs in
ROCFALL.

In most cases, data collection is required along vertical
lines at given X locations along the slope. For this
purpose, the Graph Distribution option in the Graph
menu allows you to plot:

*  Bounce Height

e Total Kinetic Energy

* Translational Kinetic Energy
e Rotational Kinetic Energy

e Translational Velocity, and

* Rotational Velocity

These graphs allow the user to quickly view distributions
along the entire extent of the slope (see the Quick Start
tutorial for details).

Distribution Graphs are actually derived from a series of
equally spaced “invisible” vertical data collectors
automatically generated by ROCFALL when the analysis
is run. The spacing of these collectors is determined by
the Number of Sampling Intervals in the Project Settings
dialog, and the total X extent of the slope.

In most cases, the Distribution Graphs will provide the
user with the desired data. The Data Collectors option
described in this tutorial should only be necessary in the
following cases:

» If data collection along a non-vertical line is required,
then Data Collectors must be used.
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If data collection at exact X locations is required, then
it may be necessary to define Data Collectors, since
the Distribution Graphs only provide results at the
intervals determined by the Number of Sampling
Intervals and the X extent of the slope.
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Vertex Variation Tutorial
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In ROCFALL, standard deviations can be applied to the
coordinates of any or all slope vertices. This allows the
user to account for uncertainty in measurements, or to
simulate a pseudo 3-D rockfall analysis (ie. to simulate
minor variations in a slope profile).

If you have not already done so, run ROCFALL by double-
clicking on the ROCFALL icon in your installation folder.
Or from the Start menu, select Programs - Rocscience —
RocFall - RocFall. If the ROCFALL application window
is not already maximized, maximize it now, so that the
full screen is available for viewing the model.

This tutorial will also be based on the SIMPLE.FAL file,

which you should find in the EXAMPLES folder in your
ROCFALL installation folder.

Select: File - Open
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Edit Seeder

Navigate to the EXAMPLES folder in your ROCFALL
installation folder, and open the SIMPLE.FAL file.

We will now modify the SIMPLE.FAL file as follows.

New Material

First, let’s change the properties of the existing seeder.
Right click the mouse on the existing point seeder (the
blue cross at vertex (0, 0) at the top of the slope), and
select Edit Seeder from the popup menu.

Change the Horizontal Velocity (Mean) to 3.5 and
Horizontal Velocity (Std. Dev.) to 0. Leave all other
properties as shown in Figure 3-1. Select OK.

Define Initial Conditions x|
kean Std Devw.
Harizontal welocity [myds] |3-5 ID
Werical velocity [myfs] ID ID
Mass [Kg] I1D ID
Angularyelocity [radis] ID ID
(0] I Cancel |

Figure 3-1: Changing the rock initial conditions.

Notice that all standard deviations for the rock initial
conditions are now zero.

Now, let’s create a new material with no deviation in
material properties, and apply this material to the entire
slope.
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Select Material Editor from the toolbar or the Slope menu.

Select: Slope — Material Editor

Material Editor

Twpe One
Type Three
Type Two

Clean hard bedrock [default]

Soil with vegetation [default]
Talus Cover [clefaul]
Talus with vegetation [default]

—Existing Materials —Mame Calar
Asphalt [defaul] IND Dieviation _ B
Bedrock outcrops [default]

— Coefficient of normal restitution (Rn)

Wean |04 Standard |
Deviation

i Coefficient of tangential restitution (R

B Help

Add

\aan |08 Standard Ig

Deviation

—Friction Angle (Phi) [ degrees ] ———

Wean |30 Standard g
Deviation

i Slope Roughness [ degrees ]

Mean =

angle of  Standard (g
Deviation

segment

Delete

Default

Copy

Done

Lt

Figure 3-2: New material added in Material Editor dialog.

Define a new material called No Deviation as follows:

1. Select the Add button in the Material Editor dialog,
and notice that “New Material” appears in the
Existing Materials list.

2. Change the name of this new material to “No
Deviation” and enter the properties shown below.

Rn Rt Phi Rough-
Name (mean | (mean | (mean| | ness (sd) Color
sd) sd) sd)
No Deviation 04]|0 0.8|0 300 0 Black

Table 3-1: New material properties.

3. When you are finished entering the properties, select
the Done button in the Material Editor dialog.

You are now ready to assign the new material to the

slope.
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Assign Material

We will assign the new material to the entire slope,
graphically using the mouse, as follows:

1. Select the Assign toolbar button (the “paintbrush”
button).

2. Select the No Deviation material from the pull-down
list of material names in the toolbar.

3. Select the entire slope with a selection window (Click
AND HOLD the left mouse button and drag to create
a window that encloses the entire slope. When you
release the mouse button, the material assignment
will be made).

4. Press the Enter key or right-click the mouse and
select Done.

Verify Changes
Let’s quickly verify that we have correctly entered the
new properties. Select Compute, and you should see only
a single rock path travel down the slope.

Select: Rocks — Compute

Since we have removed all statistical variation (standard
deviation = 0) for the rock (seeder) initial conditions, and
the slope material properties, all rocks thrown should
take the same path. If this is the case, select Clear Rock
Paths from the Rocks menu, and continue with the
tutorial. If this is NOT the case (ie. Multiple rock paths
are displayed), then go back and check that you have
entered the correct seeder and material properties.
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We are now ready to apply standard deviations to the
slope vertices. Select Slope Editor from the Slope menu.

Select: Slope — Slope Editor

1. In the Slope Editor dialog, select the “Use standard
deviations when generating slope vertices” checkbox.
This will allow you to enter standard deviations for
the vertex coordinates.

2. For Vertex 3 ( mean coordinates = 6.7, —12.2) enter an
X standard deviation = 0.05 and a Y standard

deviation = 0.10.

3. Select OK.
Slope Editor .
‘ertex ®Im] ‘ std dev ‘ YIim] | std dev Iaterial
1 0.000 0.000 0.000 0,000
2 3.100 0.000 -12,200 0.000 | Mo Deviation
3 5,700 0.050 -12,200 0,100 | Mo Deviation
4 2.800 0.000 -24,400 0.000 | Mo Deviation
5 13,400 0.000 -25.000 0.000 | Mo Deviation
& 21,300 0.000 -23,500 0.000 | Mo Deviation

¥ Use standard deviations when generating slope vertices Common std des. | Copy | oK | Cancel |

Figure 3-3: Standard Deviation added to Vertex 3 in Slope Editor
dialog.

To keep things simple, we have only added standard
deviation to a single vertex. This will make it easier to
illustrate the effect of vertex variation in ROCFALL.

Vertices with standard deviations are drawn with a
yellow ellipse centered on the vertex, indicating the
variability of the vertex location.
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The ellipse indicates the range where approximately 95%
of the sampled vertices will be generated, since the ellipse
extends from the mean vertex location TWO standard
deviations in both the positive and negative directions.
(eg. a vertex at (0, 0) with a standard deviation of 1 in the
X direction and 2 in the Y direction, would be surrounded
by an ellipse extending from X=—2to X=2,and Y=-4
toY=4).

For this example, the ellipse is too small to be visible with
the model at full scale, so let’s zoom in to get a closer look.
Use the Zoom Window option to zoom in on vertex 3, until
your screen looks approximately like Figure 3-4.

lsix]
iers_Graph oo Widow b ~lslx|
RAQ AL s N B X[ 1K

i = | x| o 2\ xOOE| 2|

%

\ o [pertes
(xi)= (6.700, -12.200)
jstd Gev= (0.05,0.10)

25

275

Er]

For Feb, press F1 VERTEXSNAP | NoRocks 570212202

Figure 3-4: Ellipse indicating variability of vertex location.
(If you place the cursor directly over vertex 3 you will see
the vertex “data tip”. Note the mean and standard

deviations of the vertex coordinates are displayed.)

Select Zoom All to bring the model back to full view.
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Now select Compute to run the analysis.

Select: Rocks — Compute

Your screen should look similar to Figure 3-5.

-lsix|
=l8ix|

RV@z|aaalacs] ¢ i szl r
s w2 w0087

For Heb, press F1 [ veRTEXSAP | l0Rocks _[16.426,-10.899

Figure 3-5: ROCFALL analysis with vertex variation.

As you can see, all rocks follow the same initial path, since

there is zero variation in the seeder initial conditions.
However, when they reach the second segment of the
slope, many diverging paths are created, due to the

variation we applied to vertex 3.

Let’s zoom in again to see what is going on. Use Zoom

Window (you may also find Zoom Mouse and Pan useful)
to zoom in to the first bounce location to the left of vertex

3, until your screen looks similar to Figure 3-6.
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ocFal :Slope Profile*] = ~lzx]
& Ee jew _Slpe Rocks Barmkrs Graph Toob Window Heb —Islx|

[peEmenRvayaaaace|  ¢o i xxez(l X
|4 % < | m Mo Devinton = | el = a2 \~xoOod|7|

| [

) ] 52 54 56 58 5 62 64 65 68 7 72
I
Forbeb, press F1 VERTEX SNAP. GORocks 569012691

Figure 3-6: Zoom in on bounce location beside vertex 3.

Figure 3-6 illustrates how the rocks can now bounce off of
points above and below the mean slope segment
orientation.

Although only the mean slope segments are drawn, the
rock paths indicate the range of actual slope segments
generated by the statistical variation we applied to vertex
3. Effectively, a new slope is generated before each rock is
thrown.

Note that the range of impact locations corresponds
approximately to the extents of the ellipse (ie. If you
visualize a segment joining vertex 2 to the ellipse extents
around vertex 3, you can see that the upper and lower
bounds of this segment would produce the impact
locations we see after the analysis).
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Sensitivity Analysis

When using vertex variation in ROCFALL, you will
probably find it most useful to change the standard
deviation of only one vertex at a time (leaving all other
vertices with a standard deviation of 0). This will allow
you to determine the sensitivity of the simulation to the
location of that particular vertex. If you change the
standard deviation of many vertices at once it may be
difficult to determine which vertex has the most effect on
the results and which have very little effect.
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