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CHAPTER 1: INTRODUCTION

1 Introduction

1.1 Motivation

Mitigation of natural hazards relies increasingly on numerical process models to predict the area
inundated by rapid geophysical mass movements. These movements include

e snow avalanches,

e torrent based debris flows and hillslope debris flows,
e mudslides,

e ice avalanches and glacier lake outbreaks

e rockfalls and rock avalanches.

Process models are used by engineers to predict the speed and reach of these hazardous movements
in complex terrain. The preparation of hazard maps is a primary application. The models are especially
helpful when proposing technical mitigation measures, such as dams and embankments or rockfall
protection barriers. The models allow hazard engineers to optimize limited financial resources by
studying the influence of different hazard scenarios on defense options.

1.2 RAMMS

The RAMMS (RApid Mass Movements Simulation) software system contains three process modules:

e RAMMS::AVALANCHE
e RAMMS::DEBRISFLOW
e RAMMS::ROCKFALL

The RAMMS::AVALANCHE and RAMMS::DEBRISFLOW modules are designed for flow phenomena
containing fast moving particulate debris of snow and rocks. In the avalanche module, the interstitial
fluid is air, whereas in the debris flow module the interstitial fluid is mud. The RAMMS::AVALANCHE
and RAMMS::DEBRISFLOW models are used to calculate the motion of the movement from initiation
to runout in three-dimensional terrain. The models use depth-averaged equations and predict the
slope-parallel velocities and flow heights. This information is sufficient for most engineering
applications. Information in the slope-perpendicular direction (e.g. mass and velocity distribution) is
lost; however, this is seldom of practical interest. Both models require an accurate digital
representation of the terrain. Engineers specify initial conditions (location and size of the release mass)
and friction parameters, depending on terrain (e.g. roughness, vegetation) and material (e.g. snow, ice
or mud content of the debris flow).

The RAMMS::ROCKFALL module is used to study the rigid body motion of falling rocks. The model
predicts rock trajectories in general three-dimensional terrain. Rock trajectories are governed by the
interaction between the rock and ground. The model contains six primary state variables: three
translational speeds and three rotational velocities of the falling rock. From these, kinetic energy,
runout distance and jump heights can be derived. Generalized rock shapes are modeled. Rock
orientation and rotational speed are included in the rock/ground interaction. The RAMMS::ROCKFALL
module is therefore fundamentally different from the RAMMS::AVALANCHE and
RAMMS::DEBRISFLOW modules because it is based on hard-contact, rigid-body Lagrangian mechanics,
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CHAPTER 1: INTRODUCTION

not Eulerian flow mechanics. It also differs from existing rockfall modules because the rock/ground
interaction is not governed entirely by simple rebound mechanics, but frictional (dissipative)
rock/ground interactions. These govern the onset of rock jumping. The RAMMS::ROCKFALL module
predicts all rigid-body motions — rock sliding, rolling, jumping and skipping.

The RAMMS::ROCKFALL module was coupled to the same user-friendly visualization tool used in the
RAMMS::AVALANCHE and RAMMS::DEBRISFLOW modules. The visualization tool allows easy
preparation, execution, visualization and interpretation of simulations.

In all RAMMS modules, new constitutive models have been developed and implemented, thanks to
calibration and verification at full scale test sites such as St. Léonard/Walenstadt (rockfall, mitigation
measures), Vallée de la Sionne (snow avalanches) and lligraben (debris flow). At present, two new
scientific RAMMS modules are under development: RAMMS::EXTENDED and RAMMS::DBF_2PHASE.

The RAMMS website https://www.ramms.ch provides useful information such as more information

about the modules, frequently asked questions (FAQ) or recent software updates. Please visit this web
page frequently to stay up to date.

1.3 RAMMS::ROCKFALL Model

The RAMMS::ROCKFALL model was developed by the Centre of Mechanics at the ETH Zurich and the
RAMMS team of the WSL Institute for Snow and Avalanche Research SLF. This joint project was
supported by the Swiss National Science Foundation (Grant: SNF 200021-19613). The Centre of
Mechanics was responsible for the development of the simulation code in close contact with
geological, geophysical and software engineering experts from the SLF/WSL to discuss modeling issues
specific to rockfall mechanics. The SLF/WSL calibrated and validated the simulation code and provided
rock shapes. The RAMMS team of SLF/WSL integrated the simulation code in an extensive and easy-
to-use graphical user interface (GUI). This manual describes the features of the RAMMS program,
allowing beginners to get started quickly as well as serving as a reference to expert users.

1.4 Learning by doing

This manual provides an overview of RAMMS::ROCKFALL. Exercises exemplify different steps in setting
up and running a RAMMS simulation especially in Chapter 2 ‘Setting up a simulation’. However, to get
the most from the manual, we suggest reading it through while simultaneously having the RAMMS
program open, learning by doing. We assume RAMMS users to have a basic level of familiarity with
windows-based programs, commands and general computer terminology. We do not describe the
basics of windows management (such as resizing or minimizing). RAMMS windows, click options and
input masks are similar to other Windows-based programs and can be used, closed, reduced or
resized in the same way.


https://www.ramms.ch/
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DISCLAIMER

The RAMMS software models are provided "as is" without any warranties, express or implied.
RAMMS AG makes no representations or warranties of any kind, including but not limited to the
accuracy, reliability, completeness, or suitability of the models for any particular purpose

Users of the RAMMS software models assume all risk associated with the use of these models.
RAMMS AG shall not be held liable for any loss, injury, or damage resulting from the use or reliance
on these models, including but not limited to personal injury, property damage, or financial loss.

The RAMMS software models are intended to supplement, not replace, the judgment and expertise
of professionals in the fields of geology, engineering, and hazard management. Users should not rely
solely on the models for making decisions related to hazard mitigation, land use planning, or
emergency response.

In no event shall RAMMS AG be liable for any indirect, incidental, special, consequential, or punitive
damages arising out of or in connection with the use or performance of the RAMMS software
models, even if advised of the possibility of such damages.

Users are responsible for ensuring that their use of the RAMMS software models complies with all
applicable laws, regulations, and standards. RAMMS AG does not guarantee that the models meet
any regulatory requirements or industry standards.

RAMMS AG may, at its sole discretion, update, modify, or discontinue the RAMMS software models
at any time without notice. Users are responsible for ensuring that they are using the most current
version of the models.

By using the RAMMS software models, you acknowledge that you have read, understood, and agree
to be bound by the terms of this disclaimer.

Swiss law applies. Court of jurisdiction is Davos. If you encounter problems, please contact

info@ramms.ch.


mailto:info@ramms.ch

CHAPTER 2: INSTALLATION AND SETUP

2 Installation and Setup

2.1 System requirements
We recommend the following minimum system requirements for running RAMMS::ROCKFALL:
e Operating System: Windows 10 or higher
e RAM (memory): 8 GB (more recommended)
e CPU: Intel Pentium 1 GHz (multi core recommended), only 64-bit supported!
e Graphic Card: OpenGL support recommended
2.2 Installation

Please download the RAMMS::ROCKFALL setup file “ramms_rock_user_setup_64.zip” from
https://www.ramms.ch/ramms-rockfall/ (Downloads section). Please make sure that you have a 64-

bit Windows system.
Please do the following steps before beginning to install RAMMS:

e C(Click on the path given above or copy the path to any browser. A window pops up and the
automatic download of the file ramms_rock_user _setup 64.zip starts after clicking Yes.

e Unzip the file to a temporary location.

e You must have Administrator privileges on the target machine. If you do not have such privileges,
the installer cannot modify the system configuration of the machine and the installation will
fail. Note that you do not need Administrator privileges to run RAMMS afterwards.

e Read first, install afterwards! Please read the whole installation process once before you begin
the installation.

e Start the file “ramms<version>_rock_user_setup_64.exe”.

10
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CHAPTER 2: INSTALLATION AND SETUP

Step 1: Welcome

The welcome dialog introduces you to the English setup program and will guide you through the

installation process. Click Next to continue.

Step 2: Readme

y (=] - ]

=
‘23 Installing RAMMS Rockfall

Welcome to the RAMMS Rockfall
Installation!

Thiz =etup program will install RAMMS Rockfall on your computer.
Click Cancel if you do not want to install this application. Click Next
to continue the installation.

WARNING: This program is protected by international copyright
law and treaties.

Unauthorized reproduction or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties and
will be prosecuted to the maximum extent of the law.

[ Newt= | ’ Cancel

Figure 2-1: Installation - welcome dialog window.

Short introduction to RAMMS. Click Next to continue.

=
‘13 Installing RAMMS Rockfall

Readme >L\|"P|.$:

Flease read the following information. :‘;-I/{F
SLF

| »

RAMMS (Rapid Mass MovementS) iz a state-of-the-art numerical simulation maodel
to calculate the motion of geophysical mass movements (snow avalanches,

debris flows, rockfall and shallow landslides) from initiation to runout in three-
dimensional terrain. A
It was designed to be used in practice by hazard engineers who need solutions to |~
real, everyday problems. It is coupled with a user-friendly visualization tool that
allows users to easily access, display and analyze simulation results.

New constitutive models have been developed and implemented in RAMMS,

thanks to calibration and verification at full scale tests at sites such as Vallée de

la Sionne (snow avalanches), Illgraben (debris flows), veltheim (hillslope) and 3t.
Leonard / Walenstadt (rockfall). Theze models allow the application of RAMMS to
solve both large, extreme avalanche, debris flow or block fall events as well as
=maller mass movements such as hillslope debris flows, shallow landslides and

rock fall.

’ < Back ] [ Next = ] ’ Cancel

Figure 2-2: Installation - readme dialog window.
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CHAPTER 2: INSTALLATION AND SETUP

Step 3: Accepting the license agreement

Read the license agreement carefully and accept it by activating the check box in the lower left
corner. If you do not accept the license agreement, you are not able to proceed with the

installation. After accepting the license agreement, click Next to continue the installation.

= = =
;5 Installing RAMMS ‘_i.i. 53,,2
License Agreement )L#L‘(
To proceed with the installation, you must accept this License
Agreement. Please read it carefully. /fi}f,

RAMMS - General License Agreement -

Please read the following general licence agreement carefully. If you do not ;E‘
agree with the conditions, do not install the RAMMS software. The licence fee will '~
be returned to you. By installing the RAMMS software, you accept the following
contract conditions.

A. PROGRAM RAMMS

1. RAMMS is a program developed by the WSL Institute for Snow and Avalanche
Research SLF. The functions of the program are described in the handbook
delivered with the program.

2. RAMMS and the handbook are protected by copyright. All rights are reserved
by WSL/SLF.

[¥]1 agree with the above terms and conditions

[ < Back ] { Next > ] [ Cancel 1

Figure 2-3: Installation - license agreement dialog window.

Step 4: Select destination directory

Choose your destination directory. This dialog shows the amount of space available on your hard disk
and required for the installation. Click Next to start the installation process.

[ —
‘25 Installing RAMMS Rockfall = -

Destination folder iﬁ’*
Select a destination folder where RAMMS Rockfall will be installed. :f‘l

Setup will install files in the following folder.

If you would like to install RAMMS Rockfall into a different folder then click
Browse and select another folder.

Destination folder

C:\Program Files\RAMMS Rockfall

Space required: 185.15MB
Space available: 134.27GB

’ < Back ] ’ Mext = ] ’ Cancel ]

L

Figure 2-4: Installation - destination directory dialog window.
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CHAPTER 2: INSTALLATION AND SETUP

Step 5: Installing the files

RAMMS is copying the filesto the destination location. The window shows the installation progress.

24 Installing RAMMS = @i

Installing Files ,_k
Copying RAMMS files to your computer. *I}#*
5F

To interrupt or pause the installation process, click Cancel.

Directory: C:\Program Files (x86)\RAMMS\bmp
File: LOGO.BMP

reatelnstall Free

Next > Cancel

Figure 2-5: Installation - installing files dialog window.

Step 6: Finished installing the files

RAMMS finished copying the files. Click Next to finish the installation process.

2 Installing RAMMS =] @i

Installing Files i#’*

Copying RAMMS files to your computer. *{F
SLF

Click Next to continue the installation.

[ Next > ] [ Cancel q

Figure 2-6 : Installation - finished installing files dialog window.
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CHAPTER 2: INSTALLATION AND SETUP

Step 7: RAMMS installation finished!

RAMMS successfully finished the installation. Click Finish.

F_
\;"}) Installing RAMMS Rockfall —

RAMMS Rockfall has been successfully
installed!

Click Finizh to complete the installation.

-
%

Createlnstall Free

Figure 2-7: Installation - finished installation dialog window.

e

Step 8: Welcome to IDL Visual Studio Merge Modules

To ensure that all important system libraries are installed on your target machine follow the
instructions below:

The welcome dialog introduces you to the English setup program and will guide you through the
installation process of the IDL Visual Studio Merge Modules. Click Next to continue.

& IDL Visual Studio Merge Modules - InstallShield Wizard X

Welcome to the InstallShield Wizard for IDL
Yisual Studio Merge Modules

The InstallShield{R) Wizard will install IDL Visual Studio Merge
Modules on your computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

[ Next > ] [ Cancel ]

Figure 2-8: IDL Visual Studio Merge Modules - welcome dialog window.
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CHAPTER 2: INSTALLATION AND SETUP

Step 9: Ready to install the program

Click Next to continue.

i@ IDL Visual Studio Merge Modules - InstallShield Wizard

Ready to Install the Program

The wizard is ready to begin installation.

Click Install to begin the installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to
exit the wizard.

[ < Back ][ Install ] [ Cancel ]

Figure 2-9: IDL Visual Studio Merge Modules - ready to install the program.

Step 10: Installing IDL Visual Studio Merge Modules

The wizard is installing the files. Please wait until it is finished.

i IDL Visual Studio Merge Modules - InstallShield Wizard

Installing IDL Yisual Studio Merge Modules

The program features you selected are being installed.

[d]| Please wait while the InstallShield Wizard installs IDL Visual Studio Merge
Modules, This may take several minutes,

Status:

[-----I----ll-------------------------l- ]

< Back Next = Cancel

Figure 2-10: IDL Visual Studio Merge Modules - installing...
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Step 11: InstallShield Wizard Completed

The wizard completed the installation. Click Finish.

& IDL Visual Studio Merge Modules - InstaliShield Wizard X

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed IDL Yisual
Studio Merge Modules. Click Finish to exit the wizard.

Figure 2-11: Installation - destination directory dialog window.

After having successfully installed RAMMS and the necessary files on your personal computer, you
will notice the RAMMS icon on your desktop (for all users):

EETVRS
(sl
Figure 2-12: RAMMS icon.

Additionally, a new application folder is created in Start = Programs (for all users):

e RAMMS Rockfall - Run RAMMS Rockfall

e RAMMS Rockfall - Uninstall RAMMS Rockfall

. RAMMS Rockfall |
€% Run RAMMS Rockfall !
#4 Uninstall RAMMS Rockfall

Figure 2-13: RAMMS program group

16



CHAPTER 2: INSTALLATION AND SETUP

2.3 Licensing

Access to RAMMS is controlled by a personal use license. Personal use licenses are time limited licenses
tied to a single personal computer. This method of licensing requires a machine’s unique host ID
to be incorporated into a license request file. After the license request file is sent to RAMMS AG,
you will receive a license key. Entering the license key on a personal computer enables full RAMMS
functionality for the specific personal computer. For more information, please Vvisit
https://www.ramms.ch Alternatively, the license can also be installed on a Windows Server and

accessed by different users (only one at a time) by RDC (Remote Desktop Connection). This only works
for one license per module.

Double-click the RAMMS icon or use Start - Programs -> RAMMS Rockfall - Run RAMMS Rockfall
to start RAMMS for the first time. Whenever you start RAMMS, the splash screen below will pop

up:

IDL

Virtual Machine

Distribution Platform To Run
IDL Applications

Click To Continue

Figure 2-14: RAMMS start window.

Click on the image. It willdisappear and RAMMS will start up. The following dialog window appears:

€ RAMMS 1.8.16 - Licensing x

Create personal license request file: |41

LICEMSE KEY:

Cancel OK

Figure 2-15: RAMMS licensing window

17
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CHAPTER 2: INSTALLATION AND SETUP
2.3.1 Personal license request file

Click the button to create your personal license request file. In Figure 2-16 enter your full
name and the name of your company.

€ RAMMS 1.8.16 - User Information X

Enter USERNAME and COMPANY NAME:

U=zername: | |

Company: | |

Cancel OK

Figure 2-16: Enter user name and company name.

In the next dialog window, choose the destination directory of your personal license request file and
save it to your target machine. Your personal license request file should look like Figure 2-17.

. T ——
| RAMMS_ROCK_request_Muster Test.txt - Editor R

Datei Bearbeiten Format  Ansicht 7

Username: Muster Test .
Company: Test
HostID: 643150416152

Figure 2-17: Personal license request file RAMMS_ROCK_request_Muster.txt

2.3.2 Getting the personal license key

You find order forms on the RAMMS website (Full License, Demo License or Student License) at
https://www.ramms.ch/order-a-students-license/. Fill in all your personal information, choose the

license period, license type and number of licenses you wish to order, attach your personal license
request file(s), accept the license agreement, and click Submit Order.

An order confirmation email is sent to your email address. We then process your order and send
you an invoice. You will find all the banc details on this invoice for a banc transfer. Please let us know
if you wish to pay by credit card. As soon as we received your payment, we will send you your
personal license key. Your personal license key is named like ROCK_Muster_Test_ RAMMS.txt. Open
the filein a text editor. It should look like Figure 2-18.

18


https://www.ramms.ch/order-a-students-license/

CHAPTER 2: INSTALLATION AND SETUP

&
"7l ROCK_Muster Test RAMMS.txt - Editor ESREGES=)

Datei Bearbeiten Format Ansicht 2

Username: Muster Test .
company: Test

Installation Key: ROCKFALL ebei-f1h1-i1kg-behe-11i5m

< )

| — -
Figure 2-18: Personal license key

Now, restart RAMMS (as explained before). The IDL splash screen appears (Figure 2-14) and then the
dialog window of Figure 2-15 shows up (RAMMS - Licensing). Copy the license key (in this example:
ROCKFALL ebei-flhl-ilkg-behe-1i5m) and paste it in the field LICENCE KEY (see Figure 2-15). Notice
that there is the prefix ROCKFALL. This prefix is part of the license key and must be inserted as
well! If RAMMS accepts your installation key, you successfully finished the installation.

2.4 Update

When you start RAMMS it will automatically check for updates on the internet. This can lead to an
error message, if your firewall blocks the executable idIrt.exe (this file starts the IDL-Virtual Machine
you need to run RAMMS). Please unblock this file for your firewall. You can also disable the
AutoWebUpdate-function by unchecking Help - Advanced... > AutoWebUpdate. In the same way
you can enable the AutoWebUpdate-function by checking Help > Advanced... - AutoWebUpdate.
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3 Theory

3.1 Overview

The RAMMS::ROCKFALL model utilizes a hard- contact, rigid-body approach to model rockfall
trajectories in general three-dimensional terrain (Leine et al., 2013). The program is designed to be
used by hazard engineers to predict rockfall velocity and runout for hazard mapping and planning of
rockfall mitigation measures. The calculation engine and user interface were developed as part of a
joint research project between the WSL Institute for Snow and Avalanche SLF and the Institute of
Mechanics, Swiss Federal Institute of Technology (ETHZ) between the years 2010-2013. The rockfall
model is the third RAMMS module, following the RAMMS::AVALANCHE and RAMMS::DEBRISFLOW
modules and offers many of the same user-friendly features. The RAMMS::ROCKFALL model was
officially released in April, 2015 after a period of calibration and application testing.

To date most rockfall models utilize simple rebound mechanics to describe the complex interaction
between the rock and the ground (Bourrier et al. 2012; Dorren 2003; Dorren and Seijmonsbergen 2003;
Schweizer 2015, Volkwein et al. 2011). Rock geometries consisted of simplified shapes, mostly spheres
or ellipsoids. The rock-ground interaction was parameterized using apparent restitution coefficients to
model the rock jumping. To account for the wide variation of possible jump distances and heights (even
in homogenous terrain, see Glover 2015), random, stochastic methods were used to define the
bandwidth of possible restitution coefficients. Rockfall modeling was therefore both quasi-
deterministic and quasi-stochastic.

In RAMMS::ROCKFALL, the rock-ground interaction is parameterized by frictional operators that act at
the rock surface. Compared to rebound models (that employ apparent restitution coefficients to
model entire ground-rock interaction), the hard-contact, rigid-body approach applies contact forces
to the rock’s edges and corner points. The primary advantage of using hard-contact approach is that
the role of rock shape is accounted for in the ground-rock interaction. This facilitates a natural
modeling of the four primary modes of rock motion: sliding, rolling, skipping and jumping — without
the use of random, stochastic methods to define the rebound parameters. All four modes of rock
propagation are modeled in RAMMS::ROCKFALL. Long and widespread rock runout is generally
associated with the jumping mode; however, rock stopping requires a transition from jumping to a
rolling/sliding mode. Modeling all four modes is essential for a realistic, self-consistent and risk-based
rockfall hazard analysis. The natural variation of jumps is defined automatically by the rock shape and
orientation at impact. The statistical spread of rockfall runout and dispersion is generated only by
changing the initial conditions. Ground parameters are not random: they are deterministic in the sense
that one material type is assigned to describe hardness and the general tendency of the terrain to react
to a rock impact. In RAMMS the clear separation between stochastic initial conditions and
deterministic boundary conditions simplifies and enhances the construction of engineering-based
hazard scenarios and the interpretation of model results. At present, the RAMMS::ROCKFALL model
contains 13 default soil categories: river/swamp, surface soil, subsoil, forest soil, talus vegetated,
talus fine, talus coarse, talus blocs, boulder field, mountain road, asphalt, bedrock, and snow.

Applying RAMMS::ROCKFALL to a rockfall problem necessitates that rocks of different shapes and sizes
can be easily specified. In RAMMS::ROCKFALL the rock-body is modelled as a convex hull
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polyhedron. The shape of a rock-body is user defined by providing a point cloud file, defining the
surface geometry of the rock. Shapes can be simple geometric forms, such as equant, platy or
columnar. A unique feature of RAMMS::ROCKFALL is that real rock geometries obtained from laser
scans during field investigations can be used in a modeling application. Over time, the user can build-
up and manage a rockfall library containing rock shapes representative of different geologic settings.
At present, the rocks are considered indestructible; that is, they do not fragment or change form during
the analysis.

Over and above weathering processes, the geometric relationships of rock-mass discontinuities
(joints, fractures, contacts, bedding, asperities, and schistosity) govern block shape, size and release
mechanism (Jaboyedoff, 2011). With RAMMS::ROCKFALL, preconditioning the shape and size and
number of possible release orientations of detachable rocks is an essential part of the analysis. The
observation that different basic geological settings produce characteristic rock shapes has been well
documented by Fityus et al. 2013, among others. Some commonly encountered rock shapes and
the associated geological setting are given below (Figure 3-1).

Irregular

Equant ss==

Figure 3-1: Photographs of rock masses and their aggregate forms. Top left: An example of equant cubic rock
forms generated in a sequence of sandstones exposed to an extensional deformation regime, the primary joint
sets are near equally spaced and orthogonal to one another. Topright: The complex joint of this granodioritic
rock mass results in highly irregular and angular rock block forms. Bottom left: The uplifted and folded limestone
sequence is well bedded producing distinguished slabs which detach as pronounced platy rock forms. Bottom
right: Distinguished columnar jointed basalt sequence produces the characteristic elongate rock forms (Glover
2015).

The specification of general rock geometries will be discussed in the next section 3.2.

Another feature of the RAMMS::ROCKFALL model is the inclusion of rock rotations in both the airborne
phase and during the interaction with the ground. The RAMMS::ROCKFALL model includes gyroscopic
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forces induced by rock rotations. These forces are necessary to model wheel-like rock skipping and
jumping modes that are often responsible for extreme runout. To model ground interaction
considering rocks with arbitrary geometry and rotational speed requires methods to accurately track
the rock orientation relative to the ground. RAMMS::ROCKFALL employs quaternion algebra for this
purpose. This method tracks rotation sequences even when non-linear contact forces change the
translational and rotational direction of the rock. Modeling the rock-ground contacts in this way
permits the entire mechanics of an impact to be simulated deterministically. The moment arms and
torques responsible for how different rock-shapes convert translational movement into angular
momentum and influence rebound heights are computed, and therefore allows an accurate
modeling of rolling, skipping, sliding, and jumping.

The three-dimensional motion equations including rock rotations and gyroscopic forces will be
presented in section 3.3.

Complex mountain terrain is modelled using a high-resolution digital elevation model (DEM). The
specification of the DEM will be discussed in more detail in section 3.10.

3.2 Modeling Rock Shape

Rock bodies are introduced into the simulation domain coordinate frame with origin (O) as a cloud of
points based in a coordinate system of their own with origin (K). The coordinate frame (K) serves to
map the rotations of the rock-body. Points are given in x, y, z format as *.pts files, and can be artificially
generated or gathered from a laser scan of rock deposits (Figure 3-1 and Figure 3-2). A convex hull of
the rock-body’s point cloud is created, in doing so an entirely convex body is created; concavities are
closed over in the process. The next step is to calculate the center-of-mass of the body, for which the
density is assumed homogeneous. Finally, the inertial tensor of the body is calculated finding the
three principal moments of inertia; the origin is the rock’s gravity center (S). The translations of
the rock-body in the simulation domain are mapped using coordinate frame S in relation to O
(Figure 3-3). The rock’s mass mis given from its volume calculated from the convex hull of the point

cloud and a density p which is user defined (typically 2700 kg m~3). The rock has three translational
(linear momentum) and three rotational degrees of freedom (spin) to describe the rocks mass
center position g7 = (X,Y,Z) at any time t in the terrain coordinate frame O. Rotational motions
capture the orientation of the rock’s external geometry in space. At time t = 0 the rock is released
from position g = (X, Yo, Z,), which, of course, must be located some distance above the terrain,
Zy > Zy,, and thus the release height hyis Zy — Z,,.
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Figure 3-2: Laser scans of real rocks are captured in the field. The point cloud representing the
rocks geometry are then used by the rockfall model to create a convex-hull polyhedron
representative of the rock-body.

e o

Point Cloud Convex Hull Eigenframe
(Center of mass, Moments of inertia)

Figure 3-3: Rock is generated from a point cloud and converted into a rigid-body polyhedral.

3.3 Equation of Motion and Free Flight

The general equation of motion for a rock is

Mu — h(q,u) = W(q)A (3.1)

where M is the constant and diagonal mass matrix (containing the mass and three moments of
inertia 1) and 1 is the second derivative of the generalized coordinate vector q (position 1} and
orientation p;g):

2
o= d (Tés) (3.2)
at? \pix

The force term h(q, 1) contains all gyroscopic terms and finite external forces, such as viscous drag
forces, gyroscopic forces, and gravity. The right-hand side of equation ( 3.1 ) consists of the so-called
matrix of generalized force directions W(q) and a vector A containing all contact forces. Both terms are
additions to the equation of motion to account for the contributions of unilateral constraint forces and
friction forces during hard contact.
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Free Flight Motion with Gravity and Gyroscopic Forces
In free flight, the contact forces 4 are zero. The governing equation of motion is therefore reduced
to (see Leine et al., 2013)

Mu — h(q,u) =0 (3.3)

The rock-body’s motion is governed by several forces which determine its trajectory. The gravitational
force (Fg) acts globally along with gyroscopic forces G which can cause rocks of irregular shape to
become upright and rotate about a rolling axis. All force terms h are a function of the rock’s
position g and velocity u forming the force vector h:

hqw = || (3:4)

3.4 Terrain Interaction Phases

To simulate rock-ground interaction, the terrain is divided into a plastic, deformable scarring layer and
a non-deformable, hard contact “slippage” plane. Both the scarring layer and the rebound plane are
located below the digital elevation model. The interaction between rock and terrain can be
summarized in four characteristic phases.

e, Airborne Phase
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Figure 3-4: The four characteristic phases during the interaction between
a rock and compactible soil.

e Airborne Phase: The rock is not in contact with the terrain surface. Only gravity and gyroscopic
forces are acting during this free flight motion (see chapter 3.3).

e Scarring Phase: The rock penetrates the soil. Additional viscous drag forces are acting on the
rock due to soil compaction. The soil density continuously increases. The physics during this
phase is described in chapter 3.5.

e Sliding Phase: The soil cannot be compacted any further by the rock. The compacted soil acts
as aninfinitely hard frictional plane. We model this phase with a hard- contact approach, which
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is described in chapter 3.6. The rock then slides on this plane until the friction and eccentricity
is so high that the rock stumbles forward and loses contact with the plane.

e Rebound Phase: The rock has already changed its moving direction but is still below the terrain
surface. Viscous drag forces act on the rock, as soil is pushed in front of it until every vertex of
the rock is above the terrain surface, leaving behind a permanent scar.

3.5 Energy dissipation due to rock-ground scarring

3.5.1 Drag Forces

As soon as one vertex of the rock intersects the terrain, the rock starts penetrating the ground. This
penetration leads to a compaction of the soil. Due to the generally very fast and high energy process,
soil compaction is assumed to be purely plastic. The fine particles of the soil act similarly to a fluid and
exert a drag force against the rock motion [De Blasio et al., 2018]. The soil resistance force on the rock
is modelled with a velocity squared resistance law parameterized by the scarring coefficient Cq4, which
is equivalent in form to drag defined in fluid dynamics:

1
Fr(t) = Cap At) |lvr ] (3.5)

Where A(t) is the cross-sectional area of the penetration scar at time t, p is the soil density and v¢(t) is
the translational velocity of the rock at time t. This viscous drag force Fr acts on the center of mass of
the rock in opposite direction to the velocity vector, see Figure below.

Figure 3-5: Viscous drag force Fr acting against translational velocity vector vr

This force generally increases during an impact, because the cross-sectional area of the penetration
scar A(t) increases as the rock goes deeper into the scar.

3.5.2 Drag Torques

Due to partial immersion (eccentricity) and rotational velocity of the rock into the soil, there is an
additional rotational drag torque acting. This torque consists of two parts:

Translational torque occurs due to the translational velocity of the rock combined with an eccentricity
due to partial immersion. The corresponding forces Fr and torques 7 referring to Figure 3-6a are:
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1
Fr(t) =5 Cap Ar () AGIE (3.6)

TT=_FT X d (37)

The translational drag force always acts on the center of mass of the submerged rock and in opposite
direction of the velocity vector. The cross-sectional area Ay is always normal to the velocity vector.
Depending on the impact configuration and rotational velocity of the rock, the translational torque
may act in direction of the current rotational velocity vector or against it.

Rotational torque occurs due to the rotational velocity of the rock during scarring. Due to its spin, the
partially submerged rock feels a resistance force perpendicular to the plane spanned by its rotational
velocity vector and the connecting vector between its center of mass and the center of mass of its
submerged part. The corresponding forces F and torques T referring to Figure 3-6b are:

1
Fa(t) =5 Ca p Aa(t) NAGHE (3.8)

TQ:—FQ_ X d (39)
The rotational drag torque always acts on the center of mass of the rock and against the rotational
velocity vector.

a Translational Torque 1, b Rotational Torque 1,
B/

V. IIABIIF,

---* Ground

<

\
\

XZ = inertial coordinate system
Velocities in inertial coordinate system

Figure 3-6: Two types of drag torques acting on the rock during scarring. syis the center of mass of
the rock. sp is the center of mass of the submerged part of the rock.

3.5.3 Maximum penetration depth

As the rock enters the terrain, the soil density increases due to soil compaction. Due to this, it evidently
also approaches the point where the rock cannot compact the soil any further. This point marks the
depth of the scarring layer. From this point on, the soil is treated as an infinitely hard, non-deformable
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plane (see chapter 3.6). The rock has reached the maximum scar depth. This scar depth is a function
of the compressibility of the soil, the mass of the rock and its velocity. To this end, Gerber (2019)
proposed a rock penetration equation obtained through fitting the experimental data for freely,
vertically dropped rocks of various masses, soil types and initial heights, and considering Hertz theory
for the contact forces calculation. This formula reads as follows:

dmax =0.16 M19.25 ME—OA— ||VJ_||0.8 (310)

Where d ;4 is the maximum scar depth [m], M,. is the mass of the rock [kg], My is the mechanical
strength of the soil [kPa] and V| is the terrain perpendicular component of rock velocity [m/s] right
before it touches the terrain.

3.6 Hard Contact and Slippage

3.6.1 Contact forces

On contact detection between the rock-body and the rebound plane, contact forces A and frictional
contact forces (F.) act about the point of contact. These forces can be considered as external forces

that change the direction of the falling rock.

The contact of the rigid rock-body is detected by continually measuring the vertical gap length gy
between the rock-body’s corner points (P) and the rebound plane’s projections (Q) (Figure 3-7). The

gap length is defined as

InXY,2)=Z - Z,, (X, Ym) (3.11)
Then, when gy > 0, there is no contact and the contact forces A acting at the contact point P are
computed. (The contact forces are denoted using the Greek letter lambda because the contact forces
are Lagrangian multipliers that enforce the non-penetration constraint). Minimal penetration with the
terrain is permitted to allow the assessment of the contact condition (Eq. 3.3). This is a non-physical

penetration and purely for numerical purposes.

Contact forces are modeled as hard unilateral constraints with Coulomb friction using non- smooth
contact dynamics approaches (see Acary and Brogliato, 2008, Glocker,2001 and Moreau, 1988). For

the case of contact, the governing equations of motion now become
Mu — h(q,u) = AW (q) (3.12)

where the direction of the contact forces is given by W (q). There can be several active contact
forces depending on the rock-body’s configuration at the point of contact. Ultimately it is the
combination of these forces A (and force directions W (q)) that allows the complex rotations and
trajectory deviations that are inherent to rockfall to be simulated.
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Figure 3-7: Contact detection. Definition of gap length, gn.

The advantage of this hard-contact rigid-bodyapproach is that the contact forces are applied directly
at these contact points, respecting the configuration (orientation and kinetics) of the impact. This
is achieved by considering the contact pair (Q, P) within the contact frame C = (n,t1,t2) which is
attached to the terrain surface at contact point Q (Figure 3-8).

3.6.2 Friction forces

The contact frame C has a normal contact force component Ay and two tangential components Ay,
Ar2. The contact force Ay guarantees the unilaterality of the contact, i.e., the non-penetration
constraint. The tangential force components are due to Coulomb friction and are governed by the
contact laws.
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Figure 3-8: Contact frame C at point Q detected with the gap function gy

The normal force component Ay is resolved with a contact cone differential inclusion, in which the
transient normal force vector over the finite contact period can be computed. Over the contact
period this is a set-valued normal force considering all periods of contact identified with the gap
function gy,

The tangential force component Aris assumed to obey spatial Coulomb’s friction law (see Figure 3-9).
Stiction of the contact yr= 0 occurs as long as the magnitude of the tangential force ||kA7|| is less
than py, in which Ay is the applied normal force and p the friction coefficient. The direction is also
resolved with a normal cone inclusion projecting a friction disc on to the surface (Figure 3-9). The
formulation covers both sticking and sliding cases.

3.6.3 Impulsive forces (Rebound)

Impulsive contact forces occur whenever the gap function detects contact with negative velocity yy <
0, where the point would theoretically move through the rebound plane if not treated with the
impulsive contact force. This requires a velocity jump such that the post impact normal velocity is non-
negative y5 < 0. This impact law is based on Newtonian impact law in which the relative normal
velocities of the contact pair before and after impact are governed by env the normal restitution
coefficient. en = 1 corresponds to complete restitution of normal velocity while a smaller en dissipates
energy. This value is set to zero. Newton’s action-reaction law is always fulfilled.
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Figure 3-9: Friction forces at the contact point.

YN +eyy =0 (3.13)

Impulsive normal forces can also induce impulsive tangential forces. While this is mainly seen in the
elastic impacts of superballs (Cross, 1999), and therefore in the rockfall model eris set at e7=0
since these effects are absent.

To determine the resultant force direction acting on the rock-body the configuration of the impact
must be computed. This requires finding the relative velocity between the contact points P and the
terrain Q. Importantly, the velocity of contact point P is composed of the translational velocity with
respect to the body’s center of mass vsand its angular velocity ¢Q in the fixed body frame (K); for
which P also has a fixed position vector relative to the center of mass S. That is, the contact algorithm
in the rigid-body approach considers the rotational speed of the rock at contact. Because the forces
are then applied at points away from the center of mass, and with a direction respecting the impact
configuration to a body with three degrees of translational and rotational freedom, torques and
moment, arms can act generating rotations and rebounds that represent the true mechanics of an
impact.

3.6.4 Contact Friction

Two physically different forces oppose the motion of a falling rock: sliding friction and drag. Sliding
friction acts at points of the rock’s surface that are in contact with the rebound plane; it is Coulomb-
type friction associated with the distance the rock slides on the ground. When the rock is no longer in
contact, this friction no longer acts. However, because this friction acts on a point on the rock’s surface,
it will generate torques that initiates rotational movements. The parameterization of the friction force
is of great importance because it controls when the rock slides, rolls or jumps. Drag forces in the
RAMMS::ROCKFALL model account for the viscoplastic drag due to terrain deformation (scarring)
during ground contact. These forces are described in section 3.5. They act not only in the scarring phase
(when the rock moves in the ground), but also in the sliding phase, when the underlying ground has
reached its maximum density and acts as an infinitely hard rebound plane. This is because even though
the rock does not penetrate further into the ground, it still pushes the soil in front of it and thus

experiences a resistance force.
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3.6.5 Coulomb Friction and Slippage

The mechanical contact law considers hard contacts between the rigid-body and the rebound plane.

scar length e

o earthpileup

Figure 3-10: Rock impact scar on soft soil; the scar morphology is tapered widening towards the
accumulation of earth at the scar end, where an earth ramp structure is formed. This is
modeled as a climbing friction from the beginning of the scar s = 0 at first contact which tends
towards high friction at the end of the scar.

The hard contact friction uses a slip (s) dependent friction that acts during sliding and accounts for
the increase in friction due to material accumulation behind the rock-body as it slides on the
rebound plane (Figure 3-10 and Figure 3-11). The slip dependent friction is an extension of the
Coulomb friction model in which the friction value 1 is made dependent on the slip distance (s)
travelled by the center of mass p(s) (Figure 3-11).

%

stiction +
torque

ﬂ max i

ﬂ min

A 4

Contact No Contact S
Figure 3-11: Sliding friction on the rebound plane in RAMMS is governed by a slip-dependent
material law. At rock impact slip is s=0 and sliding friction is given by pimin; with s>0, friction
increases according to the coefficient k. At some point s the maximum friction pmaxis reached.
After contact, the friction exponentially decreases with coefficient 3. Therefore 3 describes the
duration of the friction as the rock is leaving the scar (ramping).
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Moreover,
Ar = pu(s)Ay (3.14)

force Ay enforces the non-penetrability constraint; the force Atacts tangentially on the terrain
surface (see Figure 3-9). The dependence of the friction coefficient on the slip distance (s) is:
2 _ (3.15)
u(s) = tmin + E (Umax — Hmin) tan 1(K s)
where Umin, Umax@nd k are parameters of the friction model. The initial friction encountered at the
contact where s = 0 is Wyin. Over the slip period, pu tends toward W,y for large slip values, see
Figure 3-11. The parameter k controls how quickly the friction increases from Win t0 Mmax. Typically

Mmin< HKmax Meaning that the friction increases the longer the rock is in contact with the rebound

plane. It is entirely possible that there are brittle ground materials where the opposite behavior
(Mmax> Mmin) is encountered.

The slip distance (s)is a transition state variable having a time evolution which is described by a
simple differential equation:

¢ = {Ilvsll ifgy<0 (3.16)
—Ps gn >0

The parameter B controls how quickly the friction is released as the rock departs the ground scar.
If B is large, friction is immediately removed as the rock moves away from the rebound plane.
Conversely, when B is small, sliding friction can act, even after the rock is no longer in contact with
the rebound plane.
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3.7 Forest/Vegetation

Forests are modeled with randomly distributed single trees. The trees are generated randomly
according to the area of a given shapefile, a defined tree density (trees/ha), and a Gaussian distribution
for the diameter at breast height (DBH) of the individual trees given by a mean DBH and a standard
deviation. Each individual tree is modeled as a rigid truncated cone with a DBH from the Gaussian
distribution and a tree height. The tree height depends on the DBH and follows the following empirical

relationship of L. Dorren:

Hryee [m] = DBH [cm]%8 (3.17)

]
3

3
8

@
3

no. of trees

¢ L 3 i N
Ndur I N -l 0

. 0 10 20 30 40 50 60
A

af DBH
'I
N 1 A
‘n
: - .".“
N
. \
\ “.‘,‘_”0' > Ol o
\ -~
\
. .-
\\ [ i “"‘o s\-“~‘
- -l
\\ ‘ ;". s
\ \ p = 600 trees/ha
N ! !
\ A .
N\ -® —>
~—DBH

‘--‘-‘g’

Figure 3-12: Modelled forest in RAMMS:: ROCKFALL with a tree density
and a Gaussian distribution of DBH.

RAMMS::ROCKFALL provides three default forest types with the following parameters:

Table 3.1: Default forest types in RAMMS::ROCKFALL.

BHD [cm]
Forest Type Tree Density [ha]
1] c
Open Forest 200 25 5
Medium Forest 400 28 7
Dense Forest 600 30 9

3.7.1 Energy Dissipation, Tree Contact and Destruction

Trees are modelled as rigid cones. The interaction between tree and rock is therefore an impact
between two rigid objects. The impact and rebound physics generally follow the same hard contact
and friction principle introduced in chapter 3.6. Additionally, each individual tree is automatically
assigned a kinetic energy threshold depending on the DBH (Dorren, 2006):
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Ey; ] =38.7- DBH [cm]?*3! (3.18)
diss,max

Trees that get hit by rocks with a higher energy than the threshold will be destroyed. As trees are
modelled as rigid objects, they can only follow binary states considering tree destruction. This is not
problematic for kinetic energies that are a lot higher or lower than the threshold introduced in ( 3.18
). Near the threshold, we can however expect a very complicated transition zone to tree failure, and
between full deflection of a rock and punch-through failure. For this reason, a transition-factor (T¢ = 2)
is introduced, which is used to decide if a rock is deflected, and if a tree is destroyed. If the rock energy
is between E s max and (Tf * E giss,max ), the tree is considered to be destroyed but the rock will
still be deflected by the tree. If the rock energy exceeds (Tf * E giss max ), the tree will have no
influence on the rock (see table below).

Table 3.2: Interaction properties between rock and tree for different rock energies.
A transition-factor Tr = 2.0 is used.

Rock Energy Tree destruction Rock deflection
Erock < Eaissmax No Yes
Ediss,max < Epock < Tf ) Ediss,max Yes Yes
Erock > Tf * Egiss;max Yes No

3.7.2 Lateral Hits and Scratches

RAMMS::ROCKFALL calculates the eccentricity of the collision between rock and tree. The collision
eccentricity Cec is calculated as the sinus of the angle between the translational velocity vector of the
rock and the vector connecting the center of mass of the rock and the center of mass of the tree, when
looking from above. Ce. ranges from 0 to 1.

Because we assume, that lateral hits are less severe than direct (frontal) hits, we use a special rule to
increase the transition-factor T for Cecc > 0.67 gradually from 2 to 10. This will prevent trees to be
completely destroyed (and thus the rock still being deflected), as the rock only scratches the tree with
a high kinetic energy.
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3.8 Terrain/Soil Material

The soil material has considerable influence on the simulation result. Shapefiles are used to delimit
terrain areas with specific soil materials. 13 predefined soil categories are listed in Table 3.3. These
are:

e River/Swamp

e Surface Soil (meadow/grassland)

e Subsoil (well vegetated moraine/scree)

e Alpine Spruce/Beech Forest

e Talus Vegetated

e Talus Fine (Qos grain size < 5cm, median grain < 2cm)

e Talus Coarse (Qgsgrain size < 20 cm, median grain < 10 cm)
e Talus Blocs (Q95 grain size < 50 cm, median grain < 30 cm)
e Boulder Field

e Mountain Road

e Asphalt
e Bedrock
e Snow

Selection of the appropriate terrain material model is the primary task of the hazard engineer when
using RAMMS::ROCKFALL. If there is uncertainty about the specific terrain material, we recommend
the user to compare the results of different terrain scenarios. Please consider the examples in Table
3.3 below as a preliminary suggestion.
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Table 3.3: Terrain Categories in RAMMS::ROCKFALL

Category Picture

River/Swamp

Surface Soil

Subsoil

Description

Example

River or very wet
ground. Cannot
cross without
deep sink-in. No
high vegetation.

Moor, turf, gley,
River

Rocks penetrate
meadow surface
leaving impact
scars. Soil is deep,
few rock
fragments. Rank
vegetation. The
proposed
parameters apply
only to regions
where surface soil
is deep (and
followed by
subsaoil). Rock
scars exclusively
in soil.

Meadow/
grassland

Penetration
depths are small.
Ground is flat.
Rocky debris is
present. Shallow
surface soil.
Usually little
(initial)
vegetation. Well
vegetated
moraine/scree
(10-20cm).

Non-paved
mountain roads,
mountain
meadow
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Alpine
Spruce/Beech
Forest

Vegetated
Talus

Forest soil,

calibrated from

rockfall tests in Forest
forests in Schiers,
Switzerland

In between pure
fine talus and well
vegetated
moraine/scree
(subsoil)

Vegetated talus
scree
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Rocks jump over
ground. Mostly
small rocks.

Usually without ROk Scree,
Talus Fine } - rocks
any vegetation.
Q95 grain size <=
5cm, median
grain <= 2cm
Rocks jump over
ground. Mixture
of large and small Rock scree,
rocks. Usually
i pebble, coarse
Talus Coarse without any
i rock, paved
vegetation. Q95
roads

grain size <= 20
cm, median grain
<=10cm.
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Talus Blocs

Boulder Field

Bedrock

Rocks jump over
ground. Can get
stuck. Mostly
large rocks. No
vegetation. Q95
grain size <= 50
cm, median grain
<=30cm.

Big rocks

Tends to be
composed of
larger rocks and
boulders. DEM
should include
this roughness. If
not, increase Cd.

Rocks and
boulders

Ground is very

hard and is

marginally

deformed by Bedrock, cliff
rocks. No

vegetation and no

surface soil.
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Based on the physical model of RAMMS::ROCKFALL described in the previous chapters, different soil
types can be distinguished by the following properties:

e Scarring properties (see chapter 3.5)
o Soil strength Mg
o Drag coefficient Cq

The hard contact properties described in section 3.6 are the same for all soil types. This results from
the model assumption that all soil types have similar properties when the soil is compacted to its
maximum density. This also has practical reasons. The hard contact model has many degrees of
freedom and friction parameters that are not intuitive in practice. Therefore, different soil types are
distinguished entirely by their scarring properties and not during the hard contact. The hard contact
properties are set to:

Table 3.4: Hard contact properties for all soil types used in the coulomb friction model (see equations
(3.13),(3.15)and (3.16)).

Hmin Hmax ﬁ K €
0.55 2 185 3

3.8.1 Soil Strength Mg

The soil strength Mg is a geotechnical parameter that describes the amount of pressure that needs to
be applied to achieve a certain amount of strain (or settlement over a certain soil thickness). The unit
of Mg is therefore N/m? or Pa. Other terms for Mg are Oedometer modulus or compressibility modulus
(in German: Steife-/Zusammendrickungsmodul). In the RAMMS::ROCKFALL model, M serves a similar
purpose. It is used to describe the scar depth of a rock with given mass and velocity in a particular soil,
according to the empirical formula introduced in chapter 3.5, equation 3.19:

dmax = 0.16 M19'25 MEOA ||VJ_||0.8

The higher the Mg value is for a soil, the lower the scar depths of rocks and thus also the energy
dissipation during soil interaction. In other words, the stiffness of the soil increases with the Mg value.

> S S

~o—t 0o ~\_‘_7___1_7_‘__

Mg = 2 MPa Mg = 100 MPa

Figure 3-13: Changing Mk influences the scar depth (and thus the runout) of rocks.
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The Mg value in RAMMS::ROCKFALL is closely related to the Mg value used in geotechnical engineering
to increase the understanding of how it affects soil behaviour during rock-soil interaction. However, it
should be noted that RAMMS::ROCKFALL uses this parameter in an empirical relationship that is part
of a simplified model calibrated with real-scale rockfall experiments. We therefore do not recommend
determining this parameter with oedometer tests in the laboratory, as is common in soil mechanic’s
practice. We strongly advise to use our recommended and calibrated standard parameters as a first
approach (see Table 3.5), to perform plausibility checks by analysing the scar depths of the resulting
simulations and to adjust the value accordingly. Realistic values in alpine terrain lie between 1 MPa
and 200 MPa.

3.8.2 Drag Coefficient Cq

The drag coefficient influences the viscous drag force that the rock experiences during soil interaction
(see chapter 3.5):

1
Fa(t) == Ca p ACt) vl (3.20)

The higher the drag coefficient C4 of a soil, the higher the resistance force and the higher the energy
dissipation during ground contact. Note that C4 does not affect the scar depth.

. N N\
a N
. %
N ‘ ® —
- N\Fr e F
\ 4 3 .
\’ N \ @
———e——9¢» I W T
CD = 1 O CD = 20

Figure 3-14: Changing Co influences the resistance force during scarring
and therefore the runout distance of rocks.

The coefficient originates from hydrodynamics for the calculation of a resistance force of an obstacle
in a viscous fluid. It is a dimensionless, empirical coefficient that summarizes the effects of the object
shape and material viscosity on the drag force. RAMMS::ROCKFALL adapts this concept with the
modelling assumption that due to the high energy impact of rocks and the inelastic behaviour of soil,
the soil particles behave like a fluid around the rock. Realistic values for the drag coefficient in alpine
terrain are between 1 and 10.
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RAMMS::ROCKFALL offers various default soil categories which are calibrated with real-scale

experiments:

Table 3.5: Scarring properties of all default soil types.

Category Mt [MPa] Ca [-]
River / Swamp 0.2 1000
Surface Soil 3 1.55
Subsoil 4 1.8
Alpine Spruce/Beech Forest 5.5 1.2
Talus Vegetated 6 2.1
Talus Fine 7 2.3
Talus Coarse 10 2.7
Talus Blocs 15 35
Boulder Field 20 3.5
Mountain Road 50 2
Asphalt 75 2
Bedrock 100 4
Show 0.1 1

3.8.3 Terrain conditions vs. selected terrain category vs. rock size

In previous versions of RAMMS::ROCKFALL, we suggested to change the ground categories depending
on the rock size, to consider the additional energy dissipation when a large rock scars, compared to a
the scarring of a small rock. With the new scarring model, this is now not necessary anymore because
the scar depth is automatically determined from the rock mass, velocity, and soil strength (see

equation ( 3.20). A larger rock will therefore automatically scar deeper and thus lose more energy.

3.8.4 Calibrating the ground parameters

While Table 3.5 provides good estimates for an initial simulation, the soil parameters may need to be
adjusted for particular rockfall sites and scenarios. We recommend an iterative process of plausibility

checks to tune the parameters accordingly. The more information that is known about the
characteristics of the scenario, the easier this process will be.

Such information may include:

e previous events at the same location
e previous events at comparable locations
e silent witnesses of undocumented events

Example questions to be answered to check the plausibility of the results may include:

e Are the scar depths within a plausible range of soil type and rock size?

e Arethe jump heights plausible? If possible, compare them to documented tree hits in forested

areas.

e  Where are the main deposition areas?

42



CHAPTER 4: SETTING UP A SIMULATION

e Arerocks in the simulation reaching areas without any documented deposition points or silent
witnesses?

If the plausibility check is negative, the following adjustments can be made:

Table 3.3.6: Actions to calibrate the ground parameters to a specific site.

Problem Possible Actions

Scar depths are too high Increase Mg

Be aware that if you increase this value, you will also generate
longer runouts and higher jump heights, as rock scarring and
thus energy dissipation is reduced. If you wish to lower scar
depths without effecting energy dissipation, you must
increase Cq4 accordingly.

Runout distances are too short Reduce Cyq

Increase Mg
Be aware that this also affects scar depths.

Jump Heights are too low, but | Increase Mg and increase Cq
runout distances are fine Be aware that this also affects scar depths

With this deterministic modeling approach, the influences of rock-shape on the dynamics and
persistence of runout can be simulated. This is important because the model is highly sensitive to
rock shape, which in the case of rebound approaches must be treated with stochastic methods
(Bourrier et al., 2009). The role of rock-shape in runout dynamics is crucial in determining the
rotational and rebound behavior. For specific rock-shapes, characteristic of geological zones,
distinctive runout behavior such as extreme jump heights and runout distances are observed.
Dynamics of this kind are decisive for hazard mapping and rockfall protection structures; and with
full three-dimensional data of rock position, velocities, rotations, and energies (see Table 3.3.7 for a
full list), rockfall management and the design of protection structures can be optimized. The listed
data (Table 3.3.7) are available as *.log files which can be generated from simulations. The
application of rigid-body theory to rockfall modeling has advanced the capacity to include detailed
and hazard specificinformation on rock-shapes and sizes. This allows the inclusion of lithology and
geological setting to establish realistic initial conditions for a hazard simulation.
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Table 3.3.7: RAMMS::ROCKFALL output parameters

Data symbol Description Units
t time s
X X coordinate CoM (CoM = Center of mass) m
y Y coordinate CoM m
z Z coordinate CoM m
p0 Quaternion
pl Quaternion
p2 Quaternion
p3 Quaternion
VX Velocity (X) CoM ms-1
vy Velocity (Y) CoM ms-1
vz Velocity (Z) CoM ms-1
WX Angular velocity about inertial axis (X) rot-s-1
wy Angular velocity about inertial axis (Y) rot - s-1
wz Angular velocity about inertial axis (2) rot - s-1
Etot Total energy including potential energy with respects| kJ
to the lowest point in simulation domain
Ein Total kinetic energy kJ
Exintrans Translational kinetic energy kJ
Exinrot Angular kinetic energy kJ
¢ Height position of lowest point on rock-body’s surface| M
Ground Drag Translational viscous drag force kN
Ground Torque Rotational viscous drag torque kNm
Scar Slippage Scarring distance/length m
Scar Depth Scar depth m
Vres Absolute velocity ms-1
Wres Absolute angular velocity rot-s-1
jumpH Jump height, plumb-vertical distance of CoM to the m
terrain surface
projDist Projected distance traced over ground from release m
point
Je Distance to the center of SD m
JHIc Distance between SD at Jc to CoM m
SD Distance between two impacts m
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3.9 Terrain Model

The RAMMS::ROCKFALL model simulates the trajectories of falling rocks in three-dimensional terrain
using a high-resolution digital elevation model. The terrain coordinate system is taken as the
simulation frame O. Terrain elevation Z, is specified for each coordinate pair (Xm, Ym), for which
four coordinate pairs define the vertices of planes constructing the tessellated terrain surface
(Figure 3-15). The planes are flat, while their orientation is different because the Z,,- elevation of
each coordinate pair can differ. The distance between coordinates (Xm, Ym) definesthe model terrain
resolution and therefore the accuracy with which the terrain morphology is represented. Typically, a
resolution between 0.5 m and 5 m is employed for simulations, as this accurately models important
terrain features such as gullies and cliffs. The properties of each plane can be varied to consider
variable surface properties, such as hardness and roughness. For example, forests are defined to be
planes with enhanced drag.

Figure 3-15: High resolution three dimensional terrain model forms simulation frame O in which
the four sided planes form the tessellated terrain surface with which the rock-body can come into
contact.

DEM resolution

A minimal cell size of 0.5-5m should be used to obtain realistic results. The cell size can be increased
in case of long runout distances of > 2 km and scenarios with big block sizes (>10-50 m3). If the
project perimeter is rather small, corresponding runout distances short (<50m) and the variability
of the terrain is high within a few meters, then the cell size of the DEM should be lower, e.g. 1.0 or
even 0.5m.
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4 Setting up a simulation

4.1 Preparations

To successfully start a new RAMMS project, a few important preparations are necessary. Topographic
input data (DEM in ASCII- or GEOTIFF-format), project boundary coordinates and georeferenced
maps or remote sensing imagery should be prepared in advance (.tif format and .tfw-file, maps and
imagery are not mandatory, but nice to have). Georeferenced datasets must be inthe same Cartesian
coordinate system (e.g., UTM, Swiss CH1903 LV03, ...) as the DEM. Polar coordinate systems in degree
(e.g., WGS84 Longitude Latitude) are not supported. For more information about specific national
coordinate systems please contact the national topographic agency in your country.

4.1.1 Topographic data - Digital Elevation Model (DEM)

The topographic data is the most important input requirement. How a rock moves (i.e. final runout
distance, jump heights, translational and rotational velocities and total energy content of the rock)
is strongly influenced by the interaction with the terrain. Therefore, the simulation results depend
strongly on the resolution and accuracy of the topographic input data. We recommend a DEM
resolution of 2-5 m or better for meaningful rockfall simulations in complex terrain. However, if such
high spatial resolution DEM data is not available, the user must keep in mind that important terrain
features may not be correctly represented by the DEM. This can lead to unrealistic simulation results.
Before you start a simulation make sure all important terrain features are represented in the input
DEM. RAMMS can process the following topographic data:

e ESRI ASCII grid (Figure 4-1)
e GEOTIFF
e ASCII XYZ single space data (Figure 4-2)

The header of an ESRI ASCII grid must contain the information shown in Figure 4-1.

G
B \enzerheide_dem. asc - WordPad 8 dim.av_grid_subsel.xyr - Word?ad

Datel  Searboten  Andcht  EnfUgen  Format Datei Bearbeden 2nskht Eirfigen Fomet 2

DE W 2 A n 2 S h St s
i 30%
~ §

236500.00 791.33
xllcorner
yllcorner
cellsize
NODATA_v:
1667.2
1665.8

.46
9.30 1
. 70.02
74 18686, 70.54

1668.36 1669.06 1669.8 1671 1672,33 1673.7)

Figure 4-1: Example ESRI ASCII grid.

797.03
37.S58

xample ASCII XYZ single space
data.
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ASCII XYZ data (regular and irregular) can be converted within RAMMS into an ASCIlI or GEOTIFF grid.
A wizard will guide you through the conversion process, see below. The following interpolation
methods are available: LINEAR or INVERSE DISTANCE.

@ ASCI Template [test_dataxyz] x

ASCII Template Step 1 of 3: Define Data Type/Range

First choose the field type which best describes your data
() Fixed Width (fields are aligned in columns)

(® Delimited [fields are separated by commas, whitespace, etc)

Comment String to Ignore: l:l
Data 5tarts at Line:

Selected Text File: Get next 50 lines...

D ~Temp-test_data.=zyz

N 2 202020 374826.08 204095, 2 200 A
2 374926 .09 7204096.5 157 .53300
3 374926 .09 72040970 157 .56700
4 374926 .09 7204097 .8 157 .62600
5 374926 .09 7204098 .4 157.68000
g 374926 .09 7204099 .3 157 75200
7 374926 .09 72040997 157 78700
g 374926 .09 7204100.1 157.83000 w
< T T o >
Help Cancel << Back Mext ==
Figure 4-3: Convert XYZ to raster process, step 1 of 3.
Choose from which line number to start.
@ ASCIl Template [test_dataxyz] x
ASCII Template Step 2 of 3: Define Delimiter/Fields
Number of Fields Per Line:
Delimiter Between Data Elements:
® white space () Colon (O Tab
) comma (O semicolon () Other:
Value to Assign to Missing Data: (@) IEEENaN ()
Selected Records:
D ~Temp~test_data. =Zvz
1 2 19 A
2 3749260.09 72040%96.5 157 .53300
5 3749260.09 7204097 .0 157 .56700
4 3749260.09 7204097 .8 157 .62600
5 374926.09 7204098 .4 157 . 68000
5 374926.09 7204099 .3 187.75200
7 374926.09 7204099.7 157.78700
g 374926.09 7204100.1 157.83000 w
TR B B R 5
Help Cancel << Back Next ==

Figure 4-4: Convert XYZ to raster process, step 2 of 3. Choose nr of fields per line
and delimiter to use (white space, comma, etc.)
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@ ASCIl Template [test_data.xyz]

ASCII Template Step 3 of 3: Field Specification
i FIELD1 Floating -~

Floating
3 |FIELD3 Floating

Type: | Floating Point w

< >

Group Group All UnGroup Ungroup All

Sample Record:

FIELDZ FIELD3
7204095.2 157 .39200

"]
>

Help

Cancel << Back Finish

Figure 4-5: Convert XYZ to raster process, step 3 of 3.
Specify field types (Integer, float or double)

Click Finish to start the conversion process. RAMMS will suggest the interpolated grid resolution,
which the user can change of course:

@ Irregular xyz data points X

Choose your grid resolution:

{Suggested grid resolution: 1.2680000m)

Click OK to use suggested value, or enter a new grid resolution.
Click Cancel to abort.

0K Cancel

Figure 4-6: Grid resolution suggestion

Interpolation Method x

0 INTERPOLATION

There are two interpolation methods available:
- Linear
- Inverse Distance

Click YES to do a LINEAR interpolation. Otherwise,
click MO to do an INVERSE interpolation.

Mein Abbrechen

Figure 4-7: Select interpolation method
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A tif-file with your raster-conversion will then be created in the same directory as your xyz-file. With
this tif-file, you can then create a new project, see chapter 4.20 on page 55.

4.1.2 Project and Scenarios

A project is defined for a region of interest. Within a project, one or more scenarios can be specified
and analyzed. For every scenario, a calculation can be executed. A project consists therefore of
different scenarios (input files) with different input parameter files (release and friction files). The
basic topographic input datais the same for every scenario. If you want to change the topographic
input data (e.g., change the input DEM resolution or the project boundary coordinates) you must
create a new project. Other input parameters (like rock shape, surface information, end time, time
step etc.) can be changed for every scenario.

A - T b ek’
ol ’Jh, A
O Rty I
w7 V| Project extent [ i
y* Ji N "’;"“ hie , ’v:

Lower left corner |
% (X min, Y min) y , .

3l Aﬂmma ,,,w:ﬂ A LN 7
o LHELISH AR e T BN N 7

Figure 4-8: The same project extent (area of interest) can be used to
calculate different scenarios with different input parameters.

4.1.3 Preferences

To ease the file handling, we recommend setting the preferences prior to start with simulations. The
preferences set the path to the working directory and the necessary files such as DEM, maps, and
ortho-imagery. If the path to the maps and the imagery files is set correctly in the preferences, RAMMS
will automatically open the georeferenced data when you generate a project.

Use Track -> Preferences to open the RAMMS preferences window or click the button .
For resetting the general preferences use Help - Advanced... - Reset General Preferences.
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@ RAMMS Preferences PG

General | Roclkdall

'Working Directory

DARAMMS\ROCKFALL \Beispiel j

@ RAMMS Preferences B

Rockfal

Nr Of Colorbar Colors 50

Map Directory DARAMMSMaps™ Rock Magnification X 3
Orthophoto Directory  |DMNRAMMSOrthoPhotos® GIF-Animation Interval () |1
DEM Directory DARAMMSHDEW, Background Color Weon
Animation Delay (s) 0.1
Figure 4-9: General tab of RAMMS Figure 4-10: Rockfall tab of RAMMS
preferences. preferences.
General Tab
Setting Purpose

Working Directory

Set your working directory. VERY IMPORTANT: DO NOT USE BLANKS

in the working directory path!

Map Directory

Set the folder where you place your georeferenced digital maps

(consists of a .tif file and a corresponding .twf file (world-file).

Orthophoto Directory

Set the folder where you place your digital georeferenced
orthophotos (aerial picture, consists of a .tif file and a corresponding

twf file (world-file).

DEM Directory

Set the folder where you place the Digital Elevation Models (format

ASCII grid)

Rockfall Tab

Setting

Purpose

Nr of Colorbar Colors

Set default number of colorbar colors.

Rock Magnification *X

Set values between 1 and 100 for magnification of the rock size in

the visualization.

GIF-Animation Interval [s]

Set interval for GIF animation images in seconds.

Background Color

Set background color.

Animation Delay [s]

Set animation delay to the animation speed.
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The following exercise Working directory shows how to choose a new working directory. All further
settings can be changed in a similar manner. The settings are saved, until they are changed again
manually.

Exercise 4.1: Working directory

Choosing the right working directory is very useful and saves a lot of time searching for files and

folders.

VERY IMPORTANT: Do NOT use blanks or special characters in the path names!

o Click (or use Track - Preferences or Ctrl+P) to open the RAMMS preferences window.
e C(lickinto the field Working directory. A window pops up where you can choose your new
working directory. Click OK in both windows. Do this also for other directories if necessary.

- -
Please Select a Directory
General | Rockfall

Working Directory  (H-\RAMMS\Bsp'\Norway', - RA:ET“IS I
Map Directony HARAMMS BsptMonway’, ‘-
. N— - | _FOREST
Orthophaoto Directory  [H:\RAMMS \BspMonway™, VAP
DEM Directony H:ARAMMS \Bep'\Monwvay™, j . _ORTHOPHOTO
4 | _PROJECTS I
4 — _I'I'I' B — I

’Eeuen Ordner erstellen][ QK ]’ Abbrechen ]

A

Figure 4-11: RAMMS preferences Figure 4-12: Browse for the correct folder.
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4.1.4 Additional Preferences

There are many more settings that you can change. Unfortunately, there is no user-friendly widget
for this yet. You must change these settings manually (explained below). Use this button in the
vertical toolbar on the left

=g |8 @

L
]

Figure 4-13: Additional preferences button in the vertical toolbar on the left

or the menu Help = Advanced... 2 Additional Preferences... = Edit to open the Additional
Preferences in a text editor, see Figure below.

4 RAMMS | Add. Preferences

Save Save As... Ok

LIMIT_NRNODES 50000

COLORTABLENR 34

NCOLORS_ADDPARAM 50

DELTA_Z 10

ADD_MAP_IMAGE_WIDTH 500

GIFANIM_DELAY TIME 10

GIFANIM_REPEAT_COUNT 1

LOGGING 1 (0:off - 1:0n)

AUTOWEBUPDATE 1 (0:off - 1:0n)

ROCK_STOP_VELO.1

MAX_NE_TRAIECTORIES 100

QUANTILE3 (O:Mean / 1:Median f 2:90% / 3:95% f 4:99% / 5:Max)
QUANTILE_WALUES 0.9 0.95 0.99 (Mean, Median and Max are fix)
MIN_NR_STATS_CELL 1

ROT_UNIT 2 | 0:rad/s, 1: degfs, 2: rot/s RELOAD Simulations!)
FONTSIZE 16

FONTNAME Calibri

OUTPUT_GRID_FORMAT GEOTIFF { GEOTIFF or ASCII )

C_LINE_INT5S
C_LABEL_INT 20
END

# ONLY CHANGE THE VALUES ABOWE IF YOU KNOW WHAT

# Available Colortables (default = 34: Blue-Red)

0: B-W LINEAR
1: BLUE/WHITE
Z: GRN-RED-BLU-WHT
3: RED TEMPERATURE

A-BIIENMDEER IDED MEL | LAY
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Details about above parameters and some more are listed below:

LIMIT_NRNODES

The DEM of the topography will be resampled to reduce the
number of grid points for visualization purposes. This adjustment
will not affect the simulation resolution. Default value is 50’000.

COLORTABLENR

Change the default colortable used in RAMMS. Available
colortables are listed below, or can be visualized with Help 2>
Advanced... 2 ColorTables... 2 View Available ColorTables.
Default value is 34 (Rainbow).

NCOLORS_ADDPARAM

Nr of colors for second colorbar in Output-Mode. Default value is
50.

DELTA_Z

Lines of shapefiles are drawn slightly above the terrain. Default
value is 10.0 (m). This is to prevent lines being drawn below the
terrain, in case the topography is resamples (see
LIMIT_NRNODES above).

ADD_MAP_IMAGE_WIDTH

Width (pixels) of window to select map/ortho images. If
filenames are very long, it makes sense to increase this value.
Default value is 500.

GIFANIM_DELAY_TIME

GIF-Animation parameter. Set this keyword to an integer giving
the delay in hundredths (1/100) of a second after the decoder
displays the current image. Default value is 20.

GIFANIM_REPEAT_COUNT

GIF-Animation parameter. Set this keyword to an integer giving
the number of times that the decoder should repeat the
animation. Set this keyword to zero to repeat an infinite number
of times. This keyword is written using the Netscape application
extension and may not be recognized by some decoders. Default
value is 0.

LOGGING

0: no logging, 1: logging to file. Default is 1.

AUTOWEBUPDATE

0: no AutoWebUpdate, 1: do AutoWebUpdate. If enabled,
RAMMS checks online for updates. Default value is 1.

ROCK_STOP_VEL

Stopping velocity of rocks. RAMMS uses this stopping velocity to
calculate the min. kinetic energy for each rock. Default value is
0.1 m/s.

MAX_NR_TRAJECTORIES

Reading trajectories in Trajectory-Mode can use a lot of memory.
If the user wants to read more trajectories than this threshold,
RAMMS sends a warning to the user. Default value is 100.

QUANTILE

Default quantile visualization in Statistics-Mode is 3
(0:Mean / 1:Median / 2:90% / 3:95% / 4:99% / 5:Max)

QUANTILE_VALUES

Define three quantile values, default values are
0.9 0.95 0.99 (Mean, Median and Max are given)
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MIN_NR_STATS_CELL

Users can specify e.g. a value of 5, meaning that statistics is only
calculated for grid cell values containing at least 5 trajectories.
Default value is 1.

ROT_UNIT Definition of rotation unit ( 0: rad/s, 1: deg/s, 2: rot/s).
After changing this parameter, users must RELOAD simulations. ,
Default value is 2.

FONTSIZE Change font size of GUI. Default value is 16.

FONTNAME Change font name of GUI. Default font name is Helvetica.

OUTPUT_GRID_FORMAT

C_LINE_INT

Contour plot. Interval of contour lines in (m). Default value is
20m.

C_LABEL_INT Contour plot. Interval of contour labels in (m). Default value is
100m.
RELP_SYM_NR Symbol of visualized release point when defining the random

distribution of release points with Set Release, see section 4.5.3.

Default value is 1. Possible symbols are:
e 1:Plussign (+)
e 2: Asterisk (*)

e 3:Period (.)
e 4:Diamond
e 5:Triangle
e  6:Square

o 7:X

RELP_SYM_SIZE

Size of symbol from above. Default value is 1.

RELP_SYM_THICK

Thickness of symbol from above. Default value is 1.
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4.2 Creating a new project

A new project is created by selecting the Geotiff- or ASCII-DEM-file, from which you want to create a
new RAMMS project. The exercise below shows how this works:

Exercise 4.2: How to create a new project

o C(lick or Track - New... > Project Wizard and select your DEM-file, e.g. dhm.tif.

e The following window pops up.

P RAMMS | New Project Window X

e Project name

- Project location
. DEM file
... DEM details

Project name and details

Name
| dhm t— ]

Project details/information

1\2

Location: DATemp\dhm), +——— 3
DEM: D:\Temp\dhm tf = — a

Grid Resolution (m): 2.00000 1..__________-
5

Cancel CREATE PROJECT

Figure 4-14: RAMMS Rockfall Project Wizard
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Continuation of Exercise 4.2: How to create a new project

The New Project Windows contains:

e 1) Project name suggestion (derived from the tif-filename)

e 2) Possibility to enter project details

e 3)The project directory is composed of the directory of the tif-file and the suggested project
name. To change the location, click the Project Location tab on the left.

e 4) The name and path of the tif-file.

e 5) The grid resolution of the tif-file.

e 6) Tab to change project name, project location, DEM file or DEM details

To check out the DEM-details (e.g. clipping the DEM, changing grid resolution), click DEM
details on the left. The window will change to the following:

@ RAMPMS | Mew Project Window >

- Project name DEM details / clipping
... Project location

DEM file
{ Filename: dhm. tif
W DEN details

Projection: No projection information available
Datum: Nodatum information available

Grid resolution (m): | 2.00

DEM extent: Click buttons to change coordinates

®-Extent (km): 0.964 ; Y-Extent (km): 1.176 ; Area (km®2): 1.134

17169500 | [\ S | 170519.00

77072700 E 771691.00

Cancel CREATE PROJECT

Figure 4-15: DEM details window
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Continuation of Exercise 4.2: How to create a new project

Clipping the DEM:

Click the appropriate button (N for North, S for South, etc.) to change coordinates, according to your
project region, as it is shown below for the Vallée de la Sionne area.

X e(( ,b,//«m@ ,g;' 5 (3

e , A
///./. Upper nght corner [#=7
‘\{ Prect exntv (X max, Y max)\ ’5 s

|gure 4 16 PrOJect ‘coordinates: Iowe'r Ieft and
upper right corner of project area.

Changing DEM resolution:

o Click the button next to Grid resolution
(2.00 in this example).

e Enter a new grid resolution and click
OK.

e RAMMS will then do a
interpolation from the DEM resolution
to the new grid resolution.

bilinear

Project creation:

DEM extent: Click buttons to change coordinates

X-Extent (km): 2.000 ; Y-Extent (km): 1.000 ; Area (km"2): 2.000

1153001.00 . s 1152001.00

@ Morth (Ymax)

E | 2690001.00
Enter new North (Ymax) coordinate

{current value: 1193001.00, copied
— to clipboard)

1192801.00 |

oK Cancel

Cancel CREATE PROJE(

Figure 4-17: Clipping DEM coordinates.

Projection: Mo projection information available
Datum: Nodatum information available

Grid resolution (m): I 2.00 i

DEM extent: Click buttons to cha |

@ Grid resolution x

Enter new grid resolution

OK Cancel

| X-Extent [km}: 2.000 ; Y-Extent (km): 1.

Figure 4-18: Changing grid resolution.

If you specified all information, click CREATE PROJECT. The creation process can take a while.
Different status bars willpop up and show the progress of the project creation process. Slope
angles and aspects are calculated and saved as tif-files.
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The following files willbe created in the project folder.

Mame

doc
logfiles
acutput
rocks
£ aspect.tif
e curvidl.if

44 dhm.sav

#F dhm.tif
* slope.tif

W Testaml
[j' Testayz

Figure 4-19: Files and directories created with a new RAMMS::ROCKFALL project.

Table 4.1: Listing of files and directories created with a new RAMMS::ROCKFALL project.
File / Folder Purpose

doc (folder) Folder containing input and output log files
logfiles (folder) Project creation and calculation log files
output (folder) Folder containing calculated scenarios

rocks (folder) Folder to save rock files (.pts)

aspect.tif Aspect raster tif-file

curvidl.tif Calculated planar curvatures of DEM

dhm.sav Internal binary file containing DEM information
dhm.tif GEOTIFF raster file with altitude values
Test.xml Input file

Test.xyz Topographic data used in RAMMS

slope.tif Calculated slope angles of DEM
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4.3 Working with the interface

Once the project is created, there are several useful tools which can be helpful when working with
RAMMS. They are explained in the exercises below.

4.3.1 Moving, resizing, rotating, viewing

Exercise 4.3a: Moving and resizing the model

a. Terrain model has a dimension of 100% or smaller:

e By clicking on the arrow S the model can be moved and resized.

Figure 4-20: Active project with lines and corners for resizing.

e To move the model without changing size or aspect ratio, move the cursor to the model

and check if the cursor turns to *}*. Then click and hold the left mouse button and drag
the model to the desired position.

e To resize the model without changing the aspect ratio, use the mouse wheel to zoom in
or out. Alternatively, you can resize the model by changing the percentage value in the

horizontal toolbar SJ [1o0% =] ;

b. Terrain model has a dimension > 100%:

o All steps explained above are still possible.
e In addition to this, the white hand right next to the rotation button becomes active as well.

After clicking on this so-called view pan button ® O , it is also possible to move the
model.
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Exercise 4.3b: Rotating the model

After activating the rotation button ® , the model can be rotated along the rotation axis’,

by moving the cursor directly on one of the axis until the cursor changes from Eto %
Otherwise, a freehand rotation in any direction is possible.

Figure 4-21: Active project with rotation axes.

Exercise 4.3c: How to switch between 2D and 3D mode

Click 2> to switch from 3D to 2D view. This button then changes toﬂland by clicking again, you
willreturn to 3D view.

Figure 4-22: 3D view of example model. Figure 4-23: 2D view of example model.

In 2D mode you have all possibilities that work for the 3D mode. It works for input files as well as
for simulations. For the following functions of RAMMS it is necessary to switch from 3D to 2D

view:
INPUT: OUTPUT:
Draw New Release Points Draw Line Profile |-

Draw New Release Line ™
Draw New Polygon Shapefile “
Edit Forest Parameters (!

Edit Soil Parameters

Release On-Off &"
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4.3.2 Colorbar

As soon as a parameter is shown in the project, the colorbar appears on the right side of the

main window. It can be turned on and off by clickingon E‘ The colorbar can be moved anywhere
in the screen (and can get lost). Use Edit - Get Colorbar to find a lost colorbar.

Exercise 4.3d: Editing the colorbar

Changing the minimum and maximum values of the colorbar as well as changing the number
of colors used is done in the panel ROCKFALL (right of the map window) in the Display section at
the top.

e Simply type a new value into the [ Colorbar, Display & Animation Settings

respective field and hit the return key on o @  Transparency %
the keyboard. The displ il b
e keyboar e display wi e i o . R

refreshed.

e To view the underlying topography or colors:[ 50 |@ o le

image, you can change the transparency.

Figure 4-24: Colorbar and Display Options.

e Open the editing window by either ®C°'wbar"mpeﬂi=s-_é‘§|ﬂ—;l
choosing Edit -> Colorbar Properties. = ——
e To change the colorbar properties simply EZ“:_ EZ:EEI
click into the field you want to change, grr:ﬂ‘g TDM;255-255.255>
then click OK. s ’
T
=> Using Edit -> Colorbar White Color the e ‘57;;‘3;5;;? %
text-color of the colorbar can be changed S e
to white. This can be useful when Ttttz [
changing the background color of your | — ‘

project to black or white Track - Figure 4-25: The Colorbar Properties
Preferences -> Rockfall Tab - window.

Background Color.
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4.3.3 Changing maps and remote sensing imagery

It is possible to change the map or imagery of a project anytime. Be aware, that the corresponding
tfw-file (world-file) has to be in the same folder as the actual map (.tif ). If this is not the case, the map

will not be found!

Exercise 4.3e : How to add or change maps

a. Add or change a map:

e Goto Extras > Map... > Add/Change Map or click EI

e If more than one map is found, the following window pops up, listing the maps found:

P9

Found several possible map files... X-Dim “-Dim  [Size (MB})
0 et RAMMS\Maps\WDLS-B 2455 3256 224259 -
1 FANetRAMMS\Maps\WDLS_BIG tif 5593 4793 53.5095
2 F\MetRAMMS\Mapsitest tif 2192 271z 3.34166
3 F\MetiRAMMS\Mapsiwdls-bigbig. tif 4060 4360 479636
4 FAMetRAMMS\Mapsiwdis_small if 2152 2712 334166 -

4

+

| Cancel |

| Load selected map

Figure 4-26: Window to choose map image.

e Information on the image dimensions (x-Dim and y-Dim, pixel) and size (in MB) are

provided and might be a selection criterion.
e Select the map you wish to add and click Load selected map.

b. Map not found:

o If the question "No map found, continue search?" appears, you either don’t have an
appropriate map, the map-folder directory is set wrong, or the map is saved in a different
folder. In the second case click Yes and choose the correct folder. A window pops up to

browse for the correct map location and file.
e Orclick No to cancel search.

c. Change remote sensing imagery:

@
e Go to Extras - Image... > Add/Change Image or click <],

4.3.4 Hillshade visualization

Use Extras = Create Hillshade Image to create a hillshade visualization. For this RAMMS follows the

instructions from ArcGIS at

https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/how-hillshade-works.htm

to calculate the hillshade representation of your DEM, see Figures below.
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Go to Extras - Image... & Add/Change Image or click E"J to load a newly generated hillshade image
into the project.

Figure 4-27 DEM surface visualization (with shadows) after creating a new project in RAMMS.

Figure 4-28 Visualization after creating and adding the hillshade image to RAMMS.
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4.3.5 Show Slope Angles, Terrain Curvature or Contour Lines

I" Vi@ With these three buttons in the horizontal toolbar, slope angles, curvatures and contour
lines can be visualized.

. B Slope angle
o« V Curvature (planar)
o 2 Contour lines

By again clicking on the same symbol, the visualization is removed.

28.00 32.50 37.00 4150 46.00 50.50 55.00
Slope (°)

-267 -133 000 133

Curvature (1/m)

267 4.00

Figure 4-29: Top left: Hillshade image, top right: slope angle
bottom left: contour lines, bottom right: curvature

Line and label intervals of the contour plot can be set in the Additional Preferences, see section 4.1.4
on page 52.
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4.3.6 How to save input files and program settings

Once a project is created, it is saved under the name and location you entered in the RAMMS
Project Wizard (Figure 4-14). The created input file has the ending .xml. The second situation, in
which the input file is saved automatically, is when a simulation is started. The saved input file has

the same name as the created output file.

Exercise 4.3f : How to save input files and program settings manually

a. Input file:

In case you want to save the input file manually before running a simulation, go to Track >
Save. This is helpful, when for example a release line was loaded but you wish to close the
project before doing the simulation.

If you wish to save a copy of your file under a new name, go to Track - Save

Copy As or click E]

A window pops up to choose an old file which should be overwritten or to type in a new
name, then click Save.

Continue working on the original file, not the just saved one.

b. Position settings

If you have moved and/or rotated your project for a better view, you can save this position
by going on Extras - Save Active Position. There is also a button in the horizontal toolbar
for this operation > @,

You can now get back to this position anytime by choosing Extras —> Reload Position.

Exercise 4.3g : How to open an input file

Close any active project file !l

Go to Track - Open -> Input File or click Q]

A window opens to browse for a rockfall input file (.xml).

Click Open after the file name was selected.

The project willbe opened.

You can access recent input files by choosing Track - Recent...
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Exercise 4.3h : How to load an optional shapefile

+
e To load a shapefile, go to GIS - Import Shapefile or click L]
e A window opens to browse for a shapefile (.shp).

e C(Click Open after the file was selected.

Exercise 4.3i : How to open an output file/rockfall simulation

Close any active project file !I

How to open a scenario in Statistics-Mode:

e Goto Track - Open... - Rockfall Scenario or click EI
Scenarios are located in the output folder of your project directory. Choose a scenario folder
and click OK.

e If you want to open several scenarios (from the same project) together, click Track -
Open... > Rockfall Scenario (Filter/Multi), and then choose more scenarios, or use a filter
to open only specific output results (e.g. with the same rock-name).

How to open trajectories from a scenario in Trajectory-Mode:

Go to Track - Open... > Rockfall Trajectories (Ctrl+T) or click T
A window opens to browse for rockfall simulation files (.rts). Click OK.

The simulation(s) willthenbe opened.

If you want to open trajectories from different scenarios (from the same project) together,
click Track -> Open... > Rockfall Trajectories (Filter/Multi) (Ctrl+F), and then choose more
trajectories from a different scenario folder, and/or use a filter to open only specific
trajectories (e.g. with the same rock-name).

Or use the recent menu to open recently opened input files or scenarios (Track = Recent...).
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4.3.7 About RAMMS

Some information about the RAMMS installation on your computer is found here: Help - About
RAMMS.

4P About RAMMS for Windows *®

= | RAMMS Version 1.8.01 DEV 64-bit
%= for Windows 10 and higher

This product is licensed to:
Username: Marc
m Company: SLF
Licensed modules:
ROCKFALL - Expiration Date: 06.04 2025
Restricted Rights Legend:
Use, duplication or disclosure of this software is
subject to your license agreement with WSL/SLF.

May 2024, WSL/5LF Davos Switzerland.

Copyright © 2024, WSL:
Marc Christen, Perry Bartelt, Guang Lu

Copyright © 2014, ETH:
Christoph Glocker, Remco Leine, Adrian Schweizer

OK

Figure 4-30: About RAMMS::ROCKFALL

4.4 Shapefiles

Shapefiles are used for all spatially variable input data, such as the definition of rockfall release zones
(see section 4.5, definition of areas with specific terrain material (see section 4.6), definition of
forested areas (see section 4.7). The workflow is always the same. First, the user creates or imports
shapefiles and then assigns terrain parameters, forest or release zones. All shapefiles of a project are
shown in the file tree in the right panel under the Files tab.
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- Various

Files General Display Rock Scenario

- Shapefiles

+ |

= a Project

b D@ barrier_polygon.shp
[ 8 Bedrockshp

.[/E forest_withHole.shp

----- D@ Met.shp

—_——Temk =l

Figure 4-31: File tree with all shapefiles of a project.

The checkbox to the left of a shapefile in the file tree can be used to activate or deactivate a specific
shapefile. This will hide the shapefile visualization from the view. The shapefile will not be considered
during a simulation, meaning that if a deactivated shapefile has an assigned ground category, forest or
release property, this information is ignored. Shapefiles can only be drawn in 2D mode.

4.4.1 Drawing Shapefiles

Create Point Shapefile

Click ‘;’] or use Input - Point > Draw New Release Point(s), move the cursor to the desired
position and click with the left mouse button to create as many points as you want. Finish the process
with the right mouse button and enter a name for your point shapefile.

Alternatively, you can create a point shapefile by entering its X/Y coordinates. Go to Input - Point->
Enter Point Coordinates (X/Y) and enter the coordinates with a space delimiter in the reference
system of the DEM. Click OK and optionally define additional points for the same shapefile.

Create Line Shapefile

r
Draw a new line shapefile by clicking ®

or use Input - Line/Area -> Draw New Release Line(s).
Draw the line by clicking points with your left mouse button. If you want to delete the last drawn point
of the line, click the middle mouse button. Finish the line by a click on your right mouse button. You
can then optionally choose to define additional lines within the same shapefile. Enter a name for the

line shapefile.

Create Polygon Shapefile
)

Shapefile. Draw the polygon in clockwise direction with left mouse clicks. If you want to delete the
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last drawn point of the polygon, click the middle mouse button. Finish and automatically close the
polygon with a right-click. You can then optionally choose to define additional polygons within the
same shapefile. It is possible to define holes within polygons. For this, draw the outer polygon in
clockwise direction, then in the dialog Add more polygon areas? Click Yes and draw the hole with left
mouse clicks in counter-clockwise direction. Confirm with a right mouse click and confirm that the
polygon is a hole. Enter a name for the release shapefile.

4.4.2 Import Shapefiles

If you would like to import shapefiles from other projects or from GIS, there are two options.

1. To import a single shapefile, click \Z in the left toolbar or choose GIS - Import Shapefile,
select the shapefile in the file browser and click Open. The selected shapefile is then added to
the file tree in the right panel. Please make sure that the shapefile is in the same reference
system as the DEM of the project.

2. Figure 4-31). Navigate to the desired directory, select it, and click OK. All shapefiles inside the
selected folder are then added to the file tree in the right panel. Please make sure that the
shapefiles are in the same reference system as the DEM of the project.

4.5 Assign Release Zones

A rockfall starting zone can be specified by setting a release point, drawing release line(s) (containing
many release points) or defining release area(s) (polygon). The definition and localization of a
rockfall starting zone has a strong impact on the results of RAMMS simulations. Therefore, we
recommend using reference information such as photography, GPS measurements or field maps to
define release points, release lines and release areas. This should be done by persons with
experience concerning the topographic, geological, and meteorological situation of the investigation
area.

=T e m
B Release

[1[E release Shapefile Properties

[ Release Shapefile Area
B D@ runout.s
Set Release
LR Umriss <
Set Calc Domain
Set Forest 3
{m): 985.46 Set Soil )
e I e - i

Figure 4-32: Setting a shapefile as a release.

To flag a shapefile as a release shapefile, right-click the specific shapefile (point, line or polygon) in the

file tree and select Set Release (or select the Release On-Off tool -& in the top toolbar and click into
a polygon).

You can flag as many shapefiles as you want as release zones simultaneously. Release shapefiles are
always marked with a blue color. Depending on the shapefile type, you need to enter additional
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information, see below. To visualize randomly distributed release points in release polygons, it makes
sense to zoom closely to your release polygon.

4.5.1 Release Point

You do not need to provide more information. A dialog opens that shows the number of points within
the shapefile. Click OK to confirm. See Exercise 4.4a below for more details.

4P RAMMS | Release Point Density X
Shapefile

Mame: ReleasePoints3.shp )

Type: point  Nr of points: 3

Remove Cancel 0K

Figure 4-33: Release Point — Set Release

4.5.2 Release Line

Enter the amount of release points that will be evenly distributed along the defined line (don’t forget
to hit ENTER!!) and click OK. See Exercise 4.4b below for more details.

4P RAMMS | Release Point Density X
- Shapefile

Mame: Releaseline shp |l

Type: line  Nrof lines: 1

- LINE Information

Points per line: [3

Total Points: 0

- User Choice

Mew Line-Points: III

Press ENTER to use new value!

Remove Cancel 0K

Figure 4-34: Release Line - Set Release
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4.5.3 Release Area

A dialog opens, where a Release Point Density needs to be defined.

4P RAMMS | Release Point Density e

- Shapefile

Name: AS.shp )

Type: polygon  Nr of polygons: 35

- User Choice

Nr release points: o=

Press ENTER to use new value!

Remowve Cancel 0K

Figure 4-35: Release Point Density Dialog for Polygon Shapefiles.

Enter the amount of release points that will be randomly distributed within all the polygons of your
release shapefile (or only in one selected polygon, depending on how you selected this dialog; either

by right-clicking on a shapefile in the file tree, or by using the Release On/Off button -'& in the
horizontal toolbar, and selecting one of the polygons). Don’t forget to hit ENTER after you entered the
number of release points.

4.5.4 Delete Release Zones

To delete release zones, there are two different ways:

e Deactivate the shapefile by removing the checkmark left of it in the file tree. Be aware that
this deactivates all properties of the shapefile. Meaning, if you have also assigned a ground
type to a release polygon, the ground type information will be ignored as well.

LJE] release_line shp

e Right-click on the shapefile in the file tree, select Set Release and then click on Remove (see
Figure above).

Exercise 4.4a: How to define a release point

e Switch to 2D mode by clicking Q’
e Activate the project by clicking on it once.

e Click :‘ to start drawing a point shapefile.
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e Left-click into the project where you want to define your rockfall release point. You can draw
as many points as you want. If you would like to delete the last point, click the middle mouse
button.

e Finish by clicking with the right mouse button and enter a name for the shapefile. You will
see red plus signs at the location of your release points.

Figure 4-36: Defining 4 release points.

e Color, thickness and point symbol of your release points can be changed by right-clicking
the shapefile in the file tree and selecting Shapefile Properties.

@ RAMMS | Shapefile Properties >
Shapefile: ReleasePoints.chp

Color: red w

Linestyle: Solid o

Line thickness: - ]

Point Symbol:| Plus sign (+) ~

Symbol Size:

Cancel 0K

Figure 4-37: Shapefile Properties of release points

o To flag the release point shapefile as a release file, right-click the shapefile in the file tree
and select Set as Release and then OK.

e The point(s) should then change the color from red to blue.
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Exercise 4.4b: How to create a new release line

e Switch to 2D mode by clicking ‘Zil
e Activate the project by clicking on it once.

o Click R to start drawing a new line shapefile.

e C(lickinto the project where you want to start drawing the outline of the release line.

e Continue drawing the release line by moving the cursor and clicking the left mouse button.
If you would like to delete one step of the drawing, click the middle mouse button.

e Finish by clicking the right mouse button. Optionally draw additional release lines in the
same shapefile. Enter a name for the shapefile after drawing the last line.

Figure 4-38: Project with emerging release lines.

e Right-click the shapefile in the file tree and select Set as Release.
e Enter the amount of release points that will be evenly distributed along the defined line(s)
and click OK. The line should then turn from red to blue.

Exercise 4.4c: How to create a new release polygon

e Switch to 2D mode by clicking Q‘
e Activate the project by clicking on it once.

e C(lick "EI to start drawing a new polygon shapefile.

e C(lickinto the project where you want to start drawing the outline of the release polygon.

e Continue drawing the release polygon by moving the cursor and clicking the left mouse
button. If you would like to delete one step of the drawing, click the middle mouse button.

e To end the release polygon, click the right mouse button. Optionally, draw additional
release polygons in the same shapefile. Enter a name for the shapefile after drawing the
last polygon.
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.

Figure 4-39: Example of release polygon area.

e Right-click the shapefile in the file tree and select Set as Release.
e Enter the amount of release points that will be randomly distributed within the defined
polygon and click OK. The polygon should then turn from red to blue.

Exercise 4.4d: How to load an existing release point/line/area

+
" in the left toolbar or import a folder with multiple

e Import a single shapefile by clicking
shapefiles by clicking ¥ above the file tree.

e Uncheck all checked (and visualized) shapefiles by clicking the Uncheck All button El

- Various

Files General Display Rock Scenario

- Shapefiles
G)clm

Ea Project
-3 Shapefiles
i L ]E] Asshp

: D@ Domain_AS.shp
Figure 4-40: Import all shapefiles from a folder

e Right-click on the imported shapefiles in the file tree and select Set Release

e Depending on the shapefile type, define the amount of release points along a line shapefile
or the release point density within a polygon shapefile.
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4.6 Assign Ground Categories

If you want to use more than just one global soil/ground category, you must define polygon areas and
assign soil types to them. You can either draw new polygon shapefiles directly in RAMMS (see section
0) or import already existing shapefiles from previous projects or from GIS (see section 4.4.2). Choose
appropriate filenames for the different shapefiles while generating them so there is no confusion
which shapefile belongs to which terrain type. To assign a soil category to a polygon shapefile you can
either:

e 1) Select the Edit Soil Parameters tool in the top toolbar and click into the polygon. With
this tool, you can assign different ground categories to polygons of the same shapefile. Only
the selected polygon will be assigned to the ground category.

e 2) Right-click on the shapefile in the file tree in the right panel and select Set Soil. If a shapefile
consists of several polygons, all polygons will be assigned to the chosen soil type.

This shows a list where you can either choose a default soil type or enter custom values for Mg and Cq4
by choosing Edit Soil.

1 Various
Files General Display Rock Scenario
[ Shapefiles
+ L1 7 A/" &
=4 Scenario 45 7 /
-3 Project . /‘///__,3-
- 12y Shapefiles e /},//:9‘/7’/‘
C® asshp 1} } Py ,;z/,//,/ o P RAMMS | Soil Category X
&) D in_AS.shp = =
,:-] 2) Domain.. 9 — - — r Soil Name
)8 relzshp -
(118 Forest_openshp = = Talus fine (Hangschutt fein) (O & @
1%ID] Hanesch ot p—— T ——
[/m) strasseshg Set Redease &?5&& e — Soil Category
8 Wieseshp Set Calc Domain = — e ——— Talus fine (Hangschutt fein)
O8 n_Mc.sF = - .
om th hote Set Sod y | - Soil Parameters
[J8) Releasepoints Set Forest > Area ME-Value 70 B o
[[]'8) Releasetine sh Cancel L 4
r s ts Shapefile Properties
L) ReleasePoints,  TUFTTEUTEEEEE 0 eeeee [
He Shapefile Area = Drag-\Value 200 - o
e Swamp (Sumpf) =
Surface soil (Oberboden) Color yellow v
Subsoil (Unterboden)
Talus fine (Hangschutt fein, =
) Cancel B @ ox
Talus coarse (Hangschutt grob) * >
Gravel (Schotter)
Moraine (Morane)
Mountain road (Feldweg)
Asphalt
Bedrock (Fels)
River (Fluss)
Snow (Schnee)
Remave

Figure 4-41: Assigning a soil type to a polygon shapefile from the file tree (left) and dialog to enter
custom values for MEE and Cd (right).

Each soil/ground category defines the parameters of the soil compressibility as well as a ground-drag
value. The ground-drag value accounts for the viscoplastic drag due to terrain deformation during
ground-contact and -scarring. The two input parameters are explained in more detail in chapters
3.8.1 and 3.8.2. The default ground parameters provided by RAMMS are described in Table 3.3. Please
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use these parameters with the awareness that they are currently based on case studies and real-
scale experiments. It remains an ongoing research task to reassure these parameters rigorously.

The soil compressibility and drag coefficients should be defined for every terrain material shapefile.
The list below gives an overview on some possible terrain materials. You can choose between the
categories: Swamp, Surface Soil, Subsoil, Talus fine, Talus coarse, Gravel, Moraine, Mountain Road,
Asphalt, Bedrock, River and Snow. The used values have a large impact on the simulation results
and therefore it is important to critically think about the chosen parameters. Please also consider
chapter 3.8.4 to check for plausibility of results and how to adjust ground parameters accordingly.

Exercise 4.5a shows how to define these terrain material parameters.

ASCll-raster-files will be created for both terrain parameters Mg and Cq, if specific ground parameters

are assigned to shapefiles. If only the overall soil/ground material is specified, no ASCll-files will be
created and used.

Exercise 4.5a: How to create a shapefile with specific terrain characterization

e Switch to 2D mode by clicking E
e Activate the project by clicking on the map once.

e Click Draw New Polygon Shapefile 5 .

e C(lickinto the project where you want to start drawing the outline of the shapefile.

e Continue drawing the shapefile in clockwise direction by moving the cursor and clicking the
left mouse button. Finish the polygon by clicking the right mouse button. The polygon
will be closed automatically.

Before the polygon shapefile is created, you must answer the following questions:

e Add more polygons?
You can either answer with Yes and create a second polygon as explained above or answer
with No and continue with the next step.

e Is this polygon a hole?
This dialog appears if you have drawn the polygon in counterclockwise direction. If this is a
mistake and you want it to be an ordinary polygon, click No and the drawing direction is
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inverted. If you want to cut a hole into a polygon, first draw the outer polygon in clockwise
direction, then select Yes when asked Add more polygons?, draw the hole in
counterclockwise direction and select Yes when asked Is this polygon a hole?

Choose a new polygon file name:

Enter a new name according to the terrain material represented by the polygon(s) (e.g.
bedrock). The ending *.shp is added automatically. The polygon shapefile will now be
created and added to the project directly.

Alternatively, you can draw the polygon shapefiles in a GIS software and load them directly

*

with GIS -> Import Shapefile or by clicking
Assign a soil category to a specific shapefile by right clicking on its name in the file tree and
choosing Set Soil followed by choosing either a default soil type or Edit Soil, where custom
combinations of Me and Cq4 can be entered. This soil category will be applied to all polygons
of the shapefile. If you want to choose individual soil categories for the polygons in the

shapefile, use the pencil tool #in the top toolbar and click into the specific polygons.

4.6.1 Creating Custom Soil Types

After choosing a soil type, users can change ME-, Cd-values and colors (with Edit Soil) and then save the
changes as a new custom soil, within the original soil category.

¥ RAMMS | Soil Category X
- Soil Name
Surface soil (Oberboden) (1) & €¥

~ Soil Category
Surface soil (Oberboden)

- Soil Parameters

ME-Value: + &
Drag-Value: — |145 | & (i ]

Color: red v

4P RAMMS | Custorn Soil Name X

Flease specify new custom soil name

| MWy Surface Soil

Cancel = OK

ave As (new soil name)

oK Cancel

Figure 4-43: Save new custom soil type
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@ RAMMS | Custom Soil Mame & Info >

Mew custom soil name: My Surface Soil

Soil category: Surface soil (Oberboden)
Soil information: Meadow/grassland. Rock scars exclusively in soil

If you want to change above soil information, enter new information in the field below and click OK

(otherwise leave empty and click OK)

My new surface soil information...

(n]4 Cancel

Figure 4-44: Updating custom soil information

Your custom soil types are then saved as a xml-file in your userprofile-directory. If you want to delete a

custom soil type, choose ‘Input = Soil/Forest Parameters... 2 Edit my Custom Soil Types’ .

@ RAMMS | Edit Custom Soil Types

Save Save As... ol

<?uml version="1.0" encoding="UTF-8" standalone="no" ?=
<ramms xmins="http:;//ramms.slf.ch" version="1.8.01 DEV">

<ground_category>
<name>Custom Soil</name>
<info=Silty gravel with sand, rocks and blocs {siltiger Kies mit Sand, Steinen und BlAficken) {095 gra
<pround_name>Talus Fine (Hangschutt fein}</ground_name>

<rebound_type>Hard</rebound_type>
<pround_Cd=2 30000</ground_Cd>|
<ground_Rho>1900.00</ground_Rho>
<ground_ME>3.00000</ground_ME>
<ground_Coh>0.000000</ground_Coh:
<color>yellow<fcolor>
</pround_categony=

<ground_category>
<name>hy Surface Soil</name>
<info>Py new surface soil information...</info>
<ground_name>Surface soil (Oberboden)</ground_name>
<rebound_type>Hard</rebound_type>
<ground_Cd=1.35000</ground_Cd>
<ground_Rho=1400.00</ground_Rho>
<ground_ME>3 20000</ground_ME=
<ground_Coh=0.000000</ground_Coh>

Figure 4-45: Delete custom soil types by removing one or all
<ground_category> blocks as highlighted above. Click Save and OK.

78



CHAPTER 4: SETTING UP A SIMULATION

4.7 Forested area

Forest has a major impact on runout and velocities of rockfalls. To include forested areas into a RAMMS
simulation you need to specify the areas as polygon shapefiles as described in Exercise 4.5a. Create a
polygon shapefile (see chapter 0) or import it from other projects or from GIS (see chapter 4.4.2).
Choose appropriate filenames for the different shapefiles while generating them so there is no
confusion which shapefile belongs to which terrain type or forest. To assign a forest to a polygon
shapefile you can either:

e Select the edit forest parameters tool m in the top toolbar and click into a polygon. With this
tool, you can assign different forest parameters to polygons of the same shapefile. Only the
selected polygon will be assigned to the forest parameters.

e Right-click on the shapefile in the file tree in the right panel and select Set Forest. If a shapefile
consists of several polygons, all polygons will be assigned to the chosen forest type.

This shows a list where you can either choose a default forest type or enter custom tree densities and
BHD distributions by choosing Edit Forest.

Files  General Display Rock Region @ RAMMS | Forest Parameters X

Shapefiles Shapefile: forest_dense.shp
g r Forest
£ Scenario Forest density
o). &2 i
-G Pt Proj Area (m2): 2505.79 Trees: 150 ]

[E) talus_fine shp
] release_line shp
] release_points_upper_face shp

No. Trees / ha: i'600 (1 ha = 10000m2) 2

DBH distribution (cm)

forest_light s
[E] road.shp
=42 forest_animatior
E] forest.sh
M E  rel shn
Edit Forest

Open Forest
Medium Forest
Dense Forest
Remove

Cancel

Set Release

Set Calc Domain
Set Soil
Set Forest

Shapefile Properties
Shapefile Area

Mean: Sigma: @ ® 3

Tree Height (m)
Min/Max: 4.11/26.98 Mean/Std: 14.90/4.02 4

No. of Trees

10 20 30 40 50 60
DBH (cm)

Figure 4-46: Assigning a forest type to a polygon shapefile from the file tree (left) and dialog to

enter custom forest densities and DBH distributions (right).

The Forest Parameters dialog (see Figure 4-46) shows:
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1. The area of the selected polygon and the number of generated trees according to the entered
tree density (2).

2. The tree density [trees/ha]

3.

Mean diameter at breast height (DBH) and standard derivation for the Gaussian distribution.
If one of the parameters is changed, a new distribution is generated automatically and shown
in (5). Click @ to generate a new random distribution without changing any parameters.

4,

Statistical values of the calculated tree heights based on the generated DBHs. The tree height
of a generated tree is (see chapter 0):

Hryee [m] = DBH [cm]®®
5. Histogram of the DBH of the generated trees based on the parameters defined in (3).

RAMMS::ROCKFALL will generate the forest according to the defined tree density and DBH distribution.
Detailed information about forest modelling can be found in Chapter 0. Note that creating a forest
does not influence the soil properties within the shapefile. This means that if you do not specifically

assign a terrain material to a forest shapefile (see section Error! Reference source not found.), the g
lobal soil property is taken.

Forests can be visualized in two ways. In the default visualization, the forest polygons are filled with a
dotted pattern. The density of the pattern indicates the density of the forest. If you want to visualize

the single trees, choose in the top navigation bar Show -> Show Trees. Be aware that this may take
some time, depending on the number of trees that need to be visualized.
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Figure 4-47: Default forest visualisation (left) and visualisation with single trees (right). The forest
types in this example are (1) Open forest, (2) Medium forest, (3) Dense forest and (4) Medium
forest with a clearing/hole shown with yellow dotted pattern.
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Exercise 4.6b: How to create a forested area

Switch to 2D mode by clicking 2‘
Activate the project by clicking on the map once.

Click Draw New Polygon Shapefile ) .

Clickinto the project where you want to start drawing the outline of the shapefile.
Continue drawing the shapefile in clockwise direction by moving the cursor and clicking the
left mouse button. Finish the polygon by clicking the right mouse button. The polygon
will be closed automatically.

x ' i 4 5 “1 ) > SN
e 2 7

Figure 4-48: Project with emerging polygon shapefile (left, middle) and assigned dense forest

(right).

Before the polygon shapefile is created, you must answer the following questions:

Add more polygons?

You can either answer with Yes and create a second polygon as explained above or answer
with No and continue with the next step.

Is this polygon a hole?

This dialog appears if you have drawn the polygon in counterclockwise direction. If this is a
mistake and you want it to be an ordinary polygon, click No and the drawing direction is
inverted. If you want to cut a hole into a polygon, first draw the outer polygon in clockwise
direction, then select Yes when asked Add more polygons?, draw the hole in
counterclockwise direction and select Yes when asked Is this polygon a hole?

Choose a new polygon file name:

Enter a new name according to the forest represented by the polygon(s) (e.g. dense
forest). The ending *.shp is added automatically. The polygon shapefile willnow be created
and added to the project directly.

Alternatively, you can draw the polygon shapefiles in a GIS software and load them directly

with GIS -> Import Shapefile or by clicking ¥

Assign a forest category to a specific shapefile by right clicking on its name in the file tree
and choosing Set Forest followed by choosing either a default forest type or Edit Forest,
where custom tree densities and BHD distributions can be entered. The trees will be

81



CHAPTER 4: SETTING UP A SIMULATION

generated for all polygons of the shapefile. If you want to choose individual forest properties

for the polygons in the shapefile, use the pencil tool #in the top toolbar and click into the
specific polygons. Choose a default forest type or enter custom forest parameters (see
section 4.7 above).

e Optionally you can assign a soil type to the newly generated forest according to Exercise
4.5a. If no soil type is defined, the global soil properties are taken.

4.8 Rock builder

RAMMS offers the Rock Builder to create realistic point cloud files from predefined rock shapes. We
strongly recommend using the Rock Builder instead of using spheres or cuboids for rockfall
simulations as the rock shape has major impact on the output of the rockfall simulations with RAMMS.
There are already several realistic rock shapes included in the library. Exercise 4.7 demonstrates how
to create a realistic rock shape with the Rock Builder tool. The rock mass and volume for realistic rocks
have to be defined in the Rock Builder and have to be saved in the rock .pts file. You cannot change
the rock volume or mass afterwards.

Exercise 4.7: How to create a rock with the Rock Builder

e C(lick E.l to open the Rock Builder.
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P RAMMS | Rock Builder X
Rock Shape Classification
1: Equant 2:Flat 3:Long
“ ¥
—_—
a\"
e . ~—
- 5 ri : X
¢
Choose Rock Shape Rock Shape Viewer Rock Characteristics
{From Reck Library) T

Nr of points 90 ]
3 _
Density (kg/m3)| 2700.0
—
Mass (kg) 2706.8 ® 4
Volume (m3) 1.003 ®
3

Dims (m):| 1.30 || 1.40 1.12 ) 5

7] | (4)- Real Equant_1.25 +

{From Other Source)

2 |

Add To Library Q"}

—

Enter New PTS Filename | Real_Equant_125_1.0m3 &6

Close

Figure 4-49: Rock Builder

Select a predefined rock shape from the rock library (1) or select a .pts-file of a rock
shape from another source (2). You can then add this rock to your rock-library by
clicking Add To Library. This rock-library is then saved in your Windows-Userprofile.

By pressing the left mouse button and moving the mouse you can move the 3D
visualization of the rock interactively and look at it from any direction (3).

The rock has predefined initial rock characteristics (4).
When changing the rock density, the Rock Builder automatically calculates the new mass

of the rock. After changing the mass of the rock, cIickQJ to adjust the volume and the

dimensions (X/Y/Z) of the rock. Enter a new rock volume and cIicle to adjust the
rock mass as wellas the rock dimensions (X/Y/Z). Be aware that the *.pts file format only
saves the rock vertices. Mass and density information are therefore not saved after
constructing the rock with the rock builder. The density and mass fields are therefore only
a help to calculate the preferred volume of the rock. If you want to use a different density
than the default for your simulation, you must adjust it in the “Run Simulation” dialog (see
Figure 4-71)

Change axes of rock (5)
Click on the button next to the rock dimensions (unlock aspect). Now you can change the
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rock’s axes. Press ENTER after changing an axis, such that the view of the rock is updated,
and volume and mass are calculated accordingly.

e Enter a file name or use the suggested name and cIickElto save the new .pts-file (6).
RAMMS automatically creates a rocks folder in your project directory. It's strongly
recommended to save your new rocks in this directory.

e C(lick Close to close the Rock Builder window.

Once a rockfall simulation has been finished RDCKFALL]

and opened in RAMMS, you can find additional PARAMETER: Velocity (m s-1) =
information on the rock for every trajectory in

the ROCKFALL panel, tab Rock, see Figure 4-50. General | Display Rock |Hegion|

Use the left mouse to move the visualization

Rock Information

rock in any direction. Momehobk fts

Dimensions XY /Z [m): |1 .60/1.38/1.44

Please consider that you must be in the

trajectory mode and activate a specific H°°kDe“s"9[k9’m3]:| <7000
trajectory to get information about the rock. Rock Yolume (m3): | 1.864 =

Rock Mass (ka): I 5032.2

Y

< lf

Figure 4-50: Rock Information
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Edit custom rock library

For now, you can edit your custom rock library manually by using this feature:

Extras = Edit my Rock Library

Your rock library (xml-file) will then be shown in a text editor, see Figure below. You can remove
<rock>-sections, save it, click OK and then restart RAMMS, for changes to take effect. Please make
sure that you do not delete </ramms> at the end of the document, or any other line (otherwise

the xml-file will be corrupted).

@ RAMMS | Edit Custom Rock Library

Save Save As . OK

<#xml version="1.0" encoding="UTF-8" standalone="ng" ?»
<ramms version="1.8.16" xmlns="http://ramms slf.ch">

ame>{1) - EOTA 10m3</namex>|

604000 0.604000 0.000000<
81300 0.604000 0.000000<
81300 1.81300 0.000000
604000 1.81300 0.000000<
604000 0.000000 0.60400C

»1.81300 0.000000 0.604000<
41700 0.604000 060400

604000 2 41700 1.81300
000000 1.21300 1.81300
000000 0.504000 1.813
=0.604000 0.604000 2.41700<
81300 0.604000 2 41700</
81300 1.81300 2.41700<
604000 1.81300 2.41700<

<framms>

Figure 4-51: Edit your custom rock library. Remove <rock>-sections

if needed, as highlighted above.
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4.9 Barrier objects (nets)

Figure 4-52: Example of rockfall net

RAMMS models nets as “thin wall” objects (see Figure above), as rigid obstacles. These “thin wall”
objects are modeled as convex hulls (point clouds). A separate barrier object is created for each net

field, from support post to support post, see Figure below.

Support posts

Figure 4-53: Rockfall net support posts
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The angle (o) between the support and the terrain can be defined according to this sketch from
Geobrugg.

Figure 4-54: The default angle between the terrain and the post
is 75° (sketch provided by Geobrugg).

Energy Absorption Capacity
For each line shapefile (and its corresponding net objects), an energy absorption capacity can be
specified (in kJ), see Figure below:

Figure 4-55: Rockfall nets with an energy absorption capacity of 1’000 kJ. Small rocks are
stopped (A), but larger ones pass through (B).

If the kinetic energy of the rock is lower than this limit, the rock is stopped (A). If this limit value is
exceeded by the rock, the net has no influence on the rock’s trajectory, and the rock passes through
the net (B).
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There are two possibilities to create new barrier (net) objects:

a) Draw a new line shapefile in RAMMS, and subsequently create net objects from there, or
b) Use “Input = Barriers... = Create Barriers from Line-Shapefiles” to create net objects from
already existing line-shapefiles.

Create new net object: Step-by-step
e (Option a): Draw a new line shapefile at the location of barriers (net) directly in RAMMS. While

drawing the line shapefile, RAMMS indicates the distance from the mouse position to the
selected support post, see Figure below.

<
Titme (5): 0.00

IX: 2744741.42 Y: 1185758.71 Altitude (§): 622.43 Length (m): 4.

Figure 4-56: Distance measure between support posts.

e (Option a): RAMMS will then ask you if a barrier object should be created from this line
shapefile.

RAMMS | Barrier (Met) Object

o Create barrier [net) object from line shapefile?

Ja | | Mein

Figure 4-57: Create barrier net object from line-shapefile.

e Click Yes, and then enter barrier height (m), the angle between terrain and post (°) and the
energy absorption capacity (in kJ), see Figure below.
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P RAMMS | Barrier.. X

Enter barrier height (m)
E |

4P RAMMS | Energy absorption... X

All selected barriers:

Set energy absorption capacity (in k)
2000 |

P RAMMS | Post Angle X

Enter angle between terrain and post (*)

Default angle =75*

Time (s): 0.00

Figure 4-58: Enter barrier height, angle and energy absorption capacity.

For every net field (from support post to support post), RAMMS creates a single convex hull
(point cloud) object. The filename from the line-shapefile is used, added by an ID-number, and
the file extension .pts .
The net objects are then visualized in RAMMS, see Figure below. Visualized net objects are

:
Animation Control: FAST = , Stow i)
- Various
Files General Display Rock Scenario

- Scenario Information
nformation

Terrain Information:

ME cd Soil Name Filename
3.00 155 Overall

Release Information:

Forest Information:

Barrier Information:
E-LimitkJ Filename
2000.00 net_O.pts
2000.00 net_1.pts
2000.00 net_2.pts
2000.00 net_3.pts
2000.00 net_4.pts
2000.00 net_S.pts

Rock Information:

Rock Density (kg/m3): 2700.00
Rock Mass (t): 0.000

Rock Volume {(m3): 0.000

Rock Form:

Rock-Z-Offset:
Automatic Z-Offset(s)

Figure 4-59: Net objects visualized in RAMMS.

If you do not want to use net objects for a simulation, remove all barrier objects with «Input
- Remove Barriers/Dams».
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e Net objects (*.pts) can be added later to a project by using “Input = Barriers... 2 Add
Barriers”. You can then specify an energy absorption capacity to the net object(s). Select
multiple pts-files (by holding the Shift-Key) to assign the same energy absorption capacity to
multiple nets.

4.10 Dam/Gallery objects

Dams and galleries are rigid, artificial obstacles and modelled as convex hulls (point clouds). The
maximum kinetic energy that an obstacle can absorb when a rock impacts, is limited by an upper
energy limit (energy absorption capacity in kl). For simplicity, it is assumed that an obstacle whose
limit value is exceeded by a rock cannot have any influence on it. This means that collisions with these
obstacles are registered during the simulation, but they have no influence on the rock’s trajectory.

To create both dam and gallery objects in RAMMS, you need polygon-shapefiles. Use existing polygon-
shapefiles (e.g., from GIS), or create them directly in RAMMS (“Input = Line / Area... > Draw New
Polygon Shapefile”). On the other hand, you can also create a point-cloud file for a dam object, and
use it directly in RAMMS, see section below.

4.10.1 Dam objects

For a dam object, two polygon-shapefiles are needed. One for the dam foot, and one for the dam crest,
see Figure below:

Figure 4-60: Dam crest polygon-shapefile (left), and dam foot polygon-shapefile (right)

There are two possibilities to create a new dam object:

a) “Input - Dams... > Create Dam from Shapefiles (Elevation)”, where you specify the horizontal
elevation (in m a.s.l.) of the dam crest, or

b) “Input 2 Dams... = Create Dam from Shapefiles (Relative Height)”, where you specify the
constant difference in height (in meters) between dam foot and dam crest.
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Create new dam object: Step-by-step
e Use option a) or b) from above. Then select dam foot polygon-shapefile, and afterwards the
dam crest polygon-shapefile.

e Then enter dam crest elevation, or relative height, see Figure below:

@ RAMMS | DAM Crest - Relative Hei... @ RAMMS | DAM Crest - Elevation Height *

Enter RELATIVE height of dam crest (e g. 8.0) Enter ELEVATION height of dam crest (e.g. 1480.0)
|50 | | 630

OFK Cancel OK Cancel

Figure 4-61: Enter dam crest elevation or relative height.

In the next steps, a dam name as well as energy absorption capacity (in kl) and a cd-value (drag, energy
dissipation) for the dam obstacle must be specified:

4P RAMMS | DAM Na... X

Enter DAM name P RAMMS | Dam Energy Absorption C... X
| Dam |

Dam: Gallery.pts

OK C |
=nce Set energy abhsorption capacity (in kI) of dam
S000.0
4P RAMMS | Dam Cd... X
Dam: Gallery.pts Ok Cancel

Set Cd (Drag) value
50

Ok Cancel

Figure 4-62: Dam name, energy absorption capacity and cd-value.
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RAMMS then creates the convex hull (point cloud) dam object file, with the name specified above, and
the file extension .pts.

Figure 4-63: Dam-visualization in RAMMS - Dam.pts

4.10.1 Gallery objects

Gallery objects are treated in the same way as dams or nets, as convex hull (point cloud) rigid
obstacles.

The procedure to create gallery objects in RAMMS is optimized for galleries with a horizontal gallery
top surface. On the other hand, you can also create a point-cloud file for a gallery object outside of
RAMMS, and use it directly in RAMMS, see section Format of point-cloud-object below.

Creating a (horizontal) gallery object in RAMMS

The following procedure describes, how to create a gallery object in RAMMS. Because the roof of the
gallery must be horizontal (for now), it is best to look at the contour plot. You can then use the
contour lines to draw the basic shapefile (at least for the line on the mountain side), as shown in the
images below.
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Figure 4-64: Planned gallery with (right) and without (left) contour lines.

Change into 2D-mode and draw the footprint of the planned gallery object (new polygon shapefile).
Use the contour line of 625m for the boundary on the hill-side, see Figure 4-65 below.

Now use the feature “Input = Dams... = Create Dam from Shapefiles (Elevation)”. Proceed as
explained in the dam-chapter above and select twice your created footprint-shapefile for both foot-
and crest-shapefile. When asked for the elevation, use your chosen hill-side elevation (625m in this
example). Equally choose a gallery name, energy absorption capacity and a drag value (see dam
chapter above). RAMMS::ROCKFALL will then create and display your gallery object, see Figure 4-65
below.

e Remember: Visualized objects are always considered in a new simulation.

e If you do not want to use objects for a simulation, remove all objects with «/nput = Remove
Barriers/Dams».

e Point-cloud objects (*.pts) can be added later to a project by using “Input 2 Dams... > Add
Dams”. You can then specify an energy absorption capacity as well as a cd-value for the
object(s). Select multiple pts-files (by holding the Shift-Key) to assign the same energy
absorption capacity and cd-value to multiple objects.

Figure 4-65: Footprint of planned gallery object (left) and gallery-point-cloud-object (right)
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Format of point-cloud-object
An obstacle point-cloud object consists of two files:

e <gallery_name>.pts: Point-cloud coordinates (x, y, z), relative to the reference point. Any point
of the point-cloud-points can be the reference point.
e <gallery_name>.txt: Coordinates of reference point (x, y, z), in cartesian coordinate system.

(= Gallery_625_0.pts E3 l

0.00000000 0.00000000

-0.25088345 -1.

-0.

-1.2 g || Gallery_625_01xt E3 l

. -1.2570120 1] 2744897.5 1185775.6 625. 63800
9.4082268 -0.87 -1.1119995

878098
10.913543 —-0.75265643 -1.0570068

—0.62

-0.

Figure 4-66: Point-cloud file (.pts) and reference point file (.txt)

With this information, object point-cloud files can also be created outside of RAMMS.

Section 5.1.11 on page 121 explains how to analyze gallery impacts.

4.11 Running a simulation

To run a simulation, you must complete the steps described in the chapters above. If you wish to
consider different terrain materials and surface covers the corresponding shapefiles must be created
in advance as described in Exercise 4.5. Release lines and release shapefiles must be generated in
advance too as shown in Exercise 4.5. Exercise 4.8: How to run a simulation leads you through the
required steps to run a rockfall simulation.

The following tabs must be completed subsequently:

4.11.1 General

In this tab you specify the name of the output folder and the dump step (time interval between
different dumps saved to disk).

4.11.2 Terrain
Here you specify the overall terrain type for all surfaces which are not assigned to a category with
shapefiles (see section 4.6). Additionally, you can see a summary of the ground parameters of all
shapefiles in your project. The available default terrain types are:

e Swamp
e Surface Soil
e Subsoil

e Talus Fine
e Talus Coarse

e Gravel

e Moraine

e Mountain Road
e Asphalt

94



CHAPTER 4: SETTING UP A SIMULATION

e Bedrock
e River
e Snow

A detailed description of the terrain types is given in Table 3.3 and Table 3.5. Please make sure that
the selected shapes are depicted in the list otherwise they will not be considered in the simulation.

4.11.3 Forest
This tab is purely informative. You can see a summary of all defined forest parameters (see section 4.7
on how to assign a forest) and the shapefiles these parameters are assigned to.

A detailed description of default forest types is given in Table 3.3. Please make sure that the selected
shapes are depicted in the list otherwise they will not be considered in the simulation.

4.11.4 Release

Here you specify the random start orientations of the rocks and additional initial conditions.

To introduce variability into the rockfall simulation you must specify the number of random initial
orientations of the rocks. This number multiplied with the number of release points and number of
rock shapes. As an example: If you have a release polygon shapefile with a density of 20 release points,
3 additional release points from point shapefiles, 2 rock shapes and 30 random orientations, you will
end up doing (20 + 3) * 2 * 30 = 1’380 Simulations (see Figure 4-74). This number is automatically
updated and displayed in the Run ‘XXX’ Simulations button in the bottom right of the window.

You can optionally set the rocks initial velocities and initial rotation velocities along all three axes (x,
Y, 2).

To set the rock offset (initial fall height of the rocks measured from the center of mass) you have two
options. RAMMS can automatically calculate the minimal offset that is necessary to start the rock
(Automatic). Alternatively, you can set the rock offset manually. Be aware that this offset is measured
from the center of mass of the rock, so it should be high enough such that the rock is not sticking in
the terrain and cannot start.
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4.11.5 Rock

In the Rock tab you can choose between three different types of rocks:

e Artificial sphere (defined by the radius)

e Artificial cuboid (defined by the x, y and z dimension)

o Real rocks (defined in the Rock Builder)

For real rocks, you can either directly launch the rock builder from this window or select a ROCK file
(*.pts) that you previously created with the rock builder.

You can also choose a folder containing different rocks. You must fill the folder with rocks generated
with the Rock Builder in advance (*.pts files). All rocks in the specified folder will be calculated.

We strongly suggest o use Real Rocks, and for sure no Sphere rocks.
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4.11.6 Exercise how to run a simulation

Exercise 4.8: How to run a simulation

e To run a simulation choose Run - Run Rockfall Simulation, hit the F8 button or cIickﬂ
e The RAMMS]|Run Simulation window opens. Before clicking Run Simulation, you should
check the input parameters.

General Tab:

(1) Enter a specific output filename. This
filename corresponds to the basic @ RAMMS | Run Simulation x
Scenarlo name. General Terrain Forest Dam/Net Rock Release

GENERAL SIMULATION PARAMETERS

(2) Dump step(s) is preset by RAMMS to a

default value of 0.02. This value is ten - SCENARIO Name
times the time step. This means the [t €= 1
data of every tenth time step is saved in - Time Integration
the output. If you want the data of Dump step (5] < 2
every fifth time step you need to set the rp—
dump step to 0.01. If you want to save T e T T e
storage capacity you can set the dump | | [z s e s e e e
step higher. minKinEnergy =0.5 x RockMass x (Velstop]+2 ( velstop = 0.10m/s )
[Juse End Time {optional) 200.0
(3) The Stop criterion is set automatically [Jstop at First Contact N3
and depends on rock mass and rock 6
stop velocity. The rock stop velocity RN S Err G
ROCK_STOP_VEL may be set in RAMMS 'zj::‘:*T“;"MT;":Z'"'°’““°“ ® € 4
via Help - Advanced... - Additional

Use calculation domain (shapefile, optional) 6 5

Preferences... —> Edit. Additionally, Shapefie e x
you may choose an End time (s) to stop
your simulation after a given time. The
simulation stops at the first stop 7 [use Reduced Output Cancel RUN "0° SIMULATIONS
criterion to reach.

Figure 4-67: Tab General

(4) Digital Elevation Model Information shows you which DEM is used for the simulation.

(5) Calculation Domain (optional): Narrow down your calculation area by using a polygon
shapefile.

(6) Activate the box Stop at first contact only if you wish to stop your simulation as soon as
the rock reaches the terrain for the first time.

(7) Use Reduced Output: Check this box to only save reduced output values. This will reduce

the disk size of the output files, but also speeds up the reading of the output files. Values
saved are: Kin. Energy, Jump Height, Velocity and Scar Depth.
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Terrain Tab

(1) Choose the category of the
overall terrain material of your
simulation area by either
choosing a default type or
manually entering Mt and Cp.

(2) All defined terrain types assigned
to certain shapefiles are listed
here.

(3) Click on Cd/ME Plot for a
graphical representation of all
assigned ground categories

Please note: When loading multiple
shapefiles for different terrain materials,
be aware that the order of specification in
the “Terrain SUMMARY” window matters:
the last shapefile dominates the others.
This is relevant if you have overlapping
shapefiles.

Forest Tab

(1) All defined forest types assigned
to certain shapefiles are listed
here with tree density, area of
shapefile, mean DBH and
standard derivation o of the DBH
distribution

(2) The sum of all generated trees in
all shapefiles is shown here.

Make sure, that forest regions do not
overlap, as trees of overlapping regions
will be added to each other, resulting in
denser forests than selected.

4% RAMMS | Run Simulation

General Terrain  Forest Dam/MNet Rock Release

TERRAIN PARAMETERS

& !

r OVERALL Parameters

Terrain category | Talus Fine (Hangschutt fein)

ME (MN/m2): 700 | @ cd(drag) %

- Terrain SUMMARY

Shapefiles cd/MEPlot 6— 3

Shapefile Ground ME cd

Surface soil (Oberboden) | 3.0 155
Fels Bedrock (Fels) 1000 2.00
angschutt_duennlus coarse (Hangschutt gre 10.0 2.00
Strasse Asphalt 75.0 2.00
£ >
L X
\
2

Figure 4-68: Tab Terrain

P RAMMS | Run Simulation

General Terrain Forest  Dam/MNet Rock Release

FOREST PARAMETERS

TREE Summary: K
Shapefile Trees/ha ha Mean DBH |Sigma DBH | Index
Forest_open 400 59.00 280 7.00
< >

Total number of trees: 23597 é 2

Figure 4-69: Tab Forest
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Dam/Net Tab

(1) All specified and added dams or
net are shown in this list. Objects
can be removed (Delete) or the
whole list can be deleted (Clear
List).

(2) It's also possible to add dam/net
objects here (Add Dam/Net pts-
file), by selecting pts-files, and
assigning the energy-threshold
value. If you want to add a dam,
then please check the This a Dam
checkbox, and add ME- and Cd-
values.

(3) If you specify pts-files here, click
the PLUS-button to add the pts-
file to the list below.

Rock Tab > Rock

(1) You can directly open the Rock
Builder from here, and change
your rocks.

(2) Choose rock type: Click Rock to
run a simulation with a real rock
shape which you produced before
in the Rock Builder (Exercise 4.7).

(3) Select the .pts file of the rock you
wish to simulate. A visualization
of the selected rock is then
shown in the rock window. Use
your mouse to move the rock in
any direction. The rock’s
characteristics and dimensions
are shown on the right side.

(4) Optionally adjust the rock density

(5) You can select the rocks folder in
your scenario folder (or any folder
containing multiple rocks). The
number of .pts files in the folder
will be shown. On the right side

@ RAMMS | Run Simulation

General Terrain Forest Dam/Net Rock Release

DAM/NET PARAMETERS - Convex Polytop Files (.pts)

- Select Dam/Net PTS - Files

| 0@ ¥

X _Coord (m) Y Coord [m] Z Coord (m) \

000 | [oo0 | [om \ 2

-mﬂt & [ ThisaDam
- PTS - File List

Delete [Clear List / 1

E-Limit kJ Filename / ~
1000.00 MNet_1.pts

1000.00 Net_2.pts

1000.00 Net_3.pts

1000.00 MNet_4.pts

1000.00 Net_5.pts W

[Juse Reduced Output Cancel RUN 100" SIMULATIONS

Figure 4-70: Tab Dam/Net

4P RAMMS | Run Simulation

General Terrain Forest Dam/Net Rock Release

ROCK PARAMETERS Rock Builder |ld 6 1

- ROCK Types

() sphere () cuboid

(®) Rock é 2

Select ROCK File (*.pts) | Real_Flat_A5_0.5m3 pts

o € 3

Rock Characteristics

N pensity (kg/ma)| 2700 | €= 4
Volume (m3) 050

Max Rock Dimensions
X/Y/Z(m):151/094/076

- ROCK File Folder [.pts)

osees @ X €= 5

[Juse Reduced Output Cancel RUN "100° SIMULATIONS

Figure 4-71: Tab Rock - Rock
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you can check which rocks the
folder includes. Select a file from
the list to look at the rock in the
window. All the rocks within this
folder will be used for the
simulations.

Rock Tab - Cuboid / Sphere

(1)

(2)

Choose rock type: Click Cuboid /
Sphere to run a RAMMS
simulation with a cuboid / sphere.
Using a sphere is not
recommended!

Specify the volume of the cuboid
by defining the length of the
three axes X, Y and Z (m). Specify
the Rock Radius of your rock
sphere. Use your mouse to move
the cuboid / sphere interactively
in any direction. You find the rock
characteristics and dimensions on
the right side of the Rock tab.

| Sphere @ Cuboid

= Roclé' 1

Rock Cuboid X/v/Z (m); 2.00  1.00 16 2

Y Rock Characteristics
Density (kg/m3) 2700

Volume (m3) 2.00

Mass (kg) 5400.0

Max Rock Dimensions
KUY IZ (m): 2.00/1.00/1.00

Figure 4-72: Tab Rock - Cuboid

@ Sphere (7 Cuboid R*— 1

Rock Sphere Rock Radius (m) 1.0 é 2

Rock Characteristics

Density (kg/m3} 2700
Volume (m3) 419

Mass (kg) 11308.7

Max Rock Dimensions
XIY I Z (m): 2.00/2.00/2.00

Figure 4-73: Tab Rock - Sphere
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Release Tab

(1) Enter the number of random
orientations per release point and
rock shape. It is highly
recommended to use high
numbers of random orientations.
Suggested values are between 20-
30. Do not use values below 5!

(2) Summary of all release points. In

this case, there is a polygon

shapefile with a density of 50

points. See exercise 4.5.3 on how

to create release points.

(3) Define the Initial Velocity (m/s)

and the Initial Rotational Velocity

(rad/s) of the rock-body at

release time. This can be useful for

cases Where the values are known,
or specific situations should be
simulated.

Select Rock Z-Offset Automatic:
RAMMS defines the Z-offset such
that the starting of the rock is
guaranteed. This is the default
setting, use Automatic Offset if
possible!

(4)

Select Rock Z-Offset Manual: Type
in a value (m) to define the release
height of a rock above the terrain.
Select Use Multi to release several
rocks at the same point but
different release heights. Delta
specifies the heights (m) and Steps
defines how often Delta is applied.

®

General Terrain Forest

RELEASE PARAMETERS

- RELEASE Orientations

Dam/Net Rock Release

Nr of Random Orientaﬁons ‘? <- 1

- -
RELEASE Summar\r—é 2

Shapefile Nr Verts | Type Index
50 polygon 1 -
Total 50 - - W
£ >

—Inil"lal\.l’elocit"leslopﬁonal]—é 3

Initial Velocity (X)XZ) (m/s) | 0.00 || 0.00 || 0.00 |

Initial Rot. Velocity (X¥Z) {rad,-"s]| 0.00 ” 0.00 ” 0.00 |
- ROCK Z-Offset

(® Automatic () Manual é 4

Rock Z-Offset {m]

[Juse Multi

5

&

[ use Reduced Output Cancel RUN “1250° SIMULATIONS

Figure 4-74: Tab Release

(5) RUN “XXX” SIMULATIONS shows how many
rocks will be simulated in the defined
scenario. Click on the button and the
simulations will start. The number of
simulations is the product of:

e Number of release points

e Number of rock shapes

e Number of random orientations

e Number of z-offset steps if a manual
rock offset is chosen with the “Multi”-
option.
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Nr Simulations - Nr Random Orientations

In order to achieve statistical relevant results at the object of interest (e.g. village, road, endangered
object), after a first test with low numbers of released rocks and short calculation times, some main
model runs should be undertaken. The first main model runs should start with

e 10-15 Nr Random Orientations

e Release Locations: There should be a release location every 10-20m within your release
polygon or line.

e Create a polygon shapefile at the object of interest, and then do a barrier plot for this shapefile
(e.g. kin. Energy)

Then do a next model run, with
e 20-25 Nr Random Orientations

and compare the new barrier plot for above polygon shapefile with the one from the first model run
with 10-15 Nr Random Orientations.

%If the statistical results differ significantly, then increase your Nr Random Orientation and/or

Release Locations, until the statistical results for the barrier plot do not differ significantly anymore.

4.11.7 Scenario Preparation and Simulation Process

If the scenario already exists, RAMMS will ask you if you want to overwrite the scenario:

% Scenario "Test" already exists!
¥ Overwrite?

ves || mNo || cance | I

Figure 4-75: Scenario already exists dialogue.

If you click No or Cancel, you will be able to rename your scenario in the General tab. Click Yes, and the
old scenario is deleted (all the files and subdirectories within the scenario folder).

In the next step, RAMMS asks you if you want to use existing random orientations. Generally, these
orientations are randomized for every simulation in a project. This means that if you make 2
simulations with exactly the same input parameters, the results will be slightly different because of
this randomness in the initial conditions.
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Existing Orientations

e Use existing random orientations?

Figure 4-76: Use existing random orienations dialogue.

If you wish to reproduce a simulation precisely, you can therefore load these initial random

orientations from a  previous simulation. Click yes”, move to the folder
../ProjectName/output/ScenarioName and select the .random.sav file.

@ Select random orientation file (".random.sav") >
<« v P « Daten(D:) > Temp > MyProject > output » Simulation_1m3_Equant v O Search Simulation_1m3_Equant ©
Organize + New folder - @ @
J‘l Music @ Name B Date modified Type Size
&= Pictures data 01.12.2022 12:08 File foldes
i Videos doc 01.12.2022 12:08 File folder
s 0S(C) | .random.sav 1.12.2022 12:08 SAV File KB
- Daten (D)
- .- - v
File name: | random.sav ~ *.sav v

Figure 4-77: Choosing the initial rotations of a previous simulation (Simulation_1m3_Equant).

If you click “no” in the dialogue (Figure 4-76), RAMMS will generate new random orientations for the
simulation and create a new .random.sav file in the scenario folder.

The rockfall simulations are parallelised over several CPUs. RAMMS splits the simulations with a certain
number of CPU’s (chosen by the user) either by the number of release points or by random
orientations. The larger of these two numbers is chosen. In the example below, we want to run a
simulation with 50 release points and 25 random orientations (1250 simulations in total) on 5 CPU’s.
Then the release points will be divided between the CPU’s. This means that each CPU will calculate 10
release points for all 25 random orientations (in total 250 simulations per CPU). It is therefore advised
that the number of CPUs that you choose for the simulation is a divisor of this higher number. RAMMS
will suggest possible nr of CPU’s, see Figure below.
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4P RAMMS | Choose CPU *

- Starting Simulation - CPU

Total nr of simulations: 1250

A - Nr of release positions: 50

B - Nr of release orientations: 25
C- Nrof rocks: 1

Mr of available CPUs: 16

Choose nr of CPUs:
You can use suggested numbers from the dropdown,
or input your own number in the right field below.

Suggested: o Manuallv:l:l (i ]

2
5
10

Figure 4-78: Available CPUs dialogue.

In the dialogue you will see a summary of your scenario, and how many CPU’s your PC/laptop owns.
In general, the more you specify, the faster your scenario will be calculated. Please note, that if you
specified a very large forest (large = many trees), then it could be faster to calculate the scenario with
less CPU’s, because reading large forest files could take a while. Note also, that if you use all available
CPU’s for your scenario calculation, your computer may be blocked for all parallel activities during the
simulation. In the case above, 2, 5 and 10 are possible divisors for the number of orientations. If
another number is chosen (in the field Manually), the last CPU takes all remainders, which slows down
the calculation.

Scenario Preparation

If you specified terrain and/or forest shapefiles, RAMMS will gather the data and saving the
appropriate friction parameters ASCII files, showing messages like the one below in the lower left
status bar:

L4

[l.';al.ring scarCd ASCII file._please wait! I

e

Figure 4-79: Saving friction parameter ascii files.

After that, RAMMS starts the simulation process:
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Scenaric name: Test

Simulation Progress: 141 f 1250 11%

End time (~): 12:12:04 (Oh3min33sec)

Cancel

Figure 4-80: Rockfall simulation information window.

This window (Simulation Progress) shows important information concerning your scenario-simulation:

e Scenario name: the scenario name.

e Simulation Progress: Number and percentage of finished trajectory simulations

e End time: Showing estimated end time (10:58:32) as well as the duration (Ohlmin2sec).

e Cancel button: Click the Cancel button to cancel the scenario. All the simulations calculated
up to now are then opened in Scenario-Mode.

After the completion of all simulations or if the user clicks Cancel, RAMMS will create the following
output files:

e <scenario_name>_Trajectories.shp: Shapefile containing all the trajectories as polylines.
Attributes of these polylines are corresponding trajectory filename as well as the rock name.

e <scenario_name>_StartPositions.shp: Shapefile containing all start point positions.

e <scenario_name>_Nr of Rocks.tif: TIFF-raster of output result “Nr of Rocks”. This result shows
how many rocks passed the grid cells.

e <scenario_name>_Jump Height (m) - Q 95%.tif: TIFF-raster of output result “Jump Height (m)

-Q95%”.
e <scenario_name>_Velocity (m s-1) - Q 95%.tif: TIFF-raster of output result “Velocity (m s-1) -
Q95%”".

e <scenario_name>_Kinetic Rock Energy (kJ) - Q 95%.tif: TIFF-raster of output result “Kinetic
Rock Energy (kJ) - Q 95%”.

e <scenario_name>_Source Reach Probability (%).tif: TIFF-raster of output result “Source Reach
Probability (%)”.

e <scenario_name>_endpoints.txt: A simple txt-file with all X/Y coordinates of the deposition
points.

The Scenario-Logfile will then appear:
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@ RAMMS | Scenario "Test" Logfile
File

RAMMS Scenario Logfile

RAMMS Version:  1.8.01
Calculation-core:  ramms_rock_scenario.exe

Nrofused cpu: &

Scenario Name:  Test
Project Folder: RAMMS\RAMMS\

Simulation-Start:  Mon May 27 14:21:35 2024
Simulation-End:  Mon May 27 14:22:03 2024

Simulation Time:  0:0:29 (h:m:s)
Simulation Settings:
Nr_Source_Points: 50
Nr_Simulated_Rocks: 1

Nr_Random_Orientations: 2

(MNr_Simulations_Per_Source_Point: 2)
Total_Nr_Simulations:

Simulation Results:

Parameter Min Mean  Max Unit
Jumpheights: 013 117 10.35 (m)
Velocities: 0.02 8.93 26.00  (m/s)
Kin. Energies: 00 4.0 4831 (kJ)

Rot. Velocities:  0.00 144 4.31 (rot 5-1)
Average Slope: 3723 4286 4T (Degrees)

Forest Results
Nr of rocks stopped in forested areas: 79

Input Settings:

General:

Time Step: 0.002 (s)

Dump Step: 0.020 (s)

DEM File: RAMMS\RAMMS xyz

DEM Res: 2.00 {m)

Terrain Information:

ME Cd Soil Name Filename

7.00 2.00 Talus fine (Hangschutt fein) Overall
3.00 1.55 Surface soil (Oberboden) Wiese shp
100.00 2.00 Bedrock (Fels) Fels.shp
10,00  2.00 Talus coarse (Hangschutt grob)  Hangschutt_duenn.shp
75.00 200 Asphalt Strasse.shp

Forest Information:
Trees/ha Nr-Trees Index  Filename
200 ~11800 - Forest_open.shp

Total number of trees: 11797

Figure 4-81: RAMMS Scenario Logfile
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5 Results

RAMMS offers a variety of tools and visualizations to interpret the simulation results. There are two
different modes to open simulation results: a) Statistic Mode to visualize a large number of simulations
(> 100) and b) Trajectory Mode to analyze single trajectories in detail. The two modes are described in
this chapter.

5.1 Statistic Mode

In Statistic Mode, we try to answer the following questions:

e  Which cells are affected by which trajectories?
e How many trajectories fly over a given cell?
e What are velocity, kinetic energy, jump height and rotational velocity values in a given cell?
e What is the probability that a rock reaches a given cell?
RAMMS analyses every trajectory and then saves jump height, velocity, kinetic energy and rotational

velocity values in the cells affected by the trajectories.

Example:
We assume that RAMMS has saved 42 values (42 values of jump height, 42 values of velocity, etc.) in
a given cell, see figure below (showing only part of the 42 values):

All 42 Data Values [+ Output File Name):

JumpH  vel KinE Rotv Filename

2.70 14.87 17465 2.50 Test_Pos10_PTSReal_Flat_a5_0.5m3_02.rts
073 7.57 4385 1.19 Test_Posl12_PTSReal_Flat_a5_0.5m3_0O1.rts
0.61 6.64 33.64 099 Test_Posl12_PTSReal_Flat_a5_0.5m3_02.rts
1.10 1164 104325 130 Test_Pos15_PTSReal_Flat_AS_D.5m3_02.rts
0.92 6.98 3695  1.08 Test_Pos16_PTSReal_Flat_AS_D.5m3_O1.rts
0.96 7.80 4735 147 Test_Pos16_PTSReal_Flat_AS_D.5m3_02.rts
053 7.47 4465  1.32 Test_Pos17_PTSReal_Flat_AS_D.5m3_02.rts
0.69 6.11 3065 131 Test_Pos21_PTSReal_Flat_AS_D.5m3_02.rts
0.65 6.10 2771 106 Test_Pos2Z_PTSReal_Flat_AS_D.5m3_O1.rts
0.75 1034 87950 191 Test_Pos23_PTSReal_Flat_AS_D.5m3_O1.rts
0.98 1599 18386 170 Test_Pos23_PTSReal_Flat_AS_D.5m3_02.rts
0.99 532 2269 096 Test_Pos26_PTSReal_Flat_AS_D.5m3_O1.rts
0.76 4 86 1922 104 Test_Pos27_PTSReal_Flat_AS_D.5m3_02 rts

Figure 5-1: Trajectory values in a given cell
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RAMMS then calculates the following statistic values for this given cell out of the 63 values (e.g. Jump
Height):

e Mean value (mean) —>1.01m

e Median value (50%) —0.89m

e 90% Quantile value (90%) —1.81m

e 95% Quantile value (95%) —>2.70m

e 99% Quantile value (99%) —2.75m

e Maximum value (max) —2.75m
@ RAMMS Grid Cell Values X

Save || Savess_ || OK

Grid Cell Values Summary ~
onacelln:  dvesamt

Nr of Cell Values: 42

JumpH: lumpHeight (m} - Vel: Velocity (m/s) - KinE: KinEnergy (k1) - RotV: RotVelocity (rot s-1)

Statistic Analysis of trajectory values below

Param  JumpH Vel KinE RotV

Mean 1.01 8.36 62.85 137

Median 0.89 7.02 38.22 130

90% 181 1487 17465 214

95% 270 1599 18896 250

99% 2.75 16.19 19638 2.68

Max 275 16.19 19638 268

All 42 Data Values (+ Output File Name):

JumpH Vel KinE Roty Filename

270 1487 17465 250 Test_Pos10_PTSReal_Flat_AS_0.5m3_02.ris
073 7.57 43.85 119 Test_Pos12_PTSReal_Flat_A5_0.5m3_01.rts
061 G.64 33.64 0499 Test_Pos12_PTSReal_Flat_A5_0.5m3_02 rts
1.10 1164 10425 1.80 Test_Pos15_PTSReal_Flat_A5_0.5m3_02.rts
092 5.98 36.96 1.08 Test_Pos16_PTSReal_Flat_A5_0.5m3_Ol.rts
056 7.80 47.35 1.47 Test_Pos16_PTSReal_Flat_A5_0.5m3_02.rts
053 7.47 4466 132 Test_Pos17_PTSReal_Flat_A5_0.5m3_02.rts
0.69 6.11 30.65  1.31 Test_Pos21_PTSReal_Flat_AS_0.5m3_02.rts
065 6.10 27.71 1.06 Test_Pos22_PTSReal_Flat_A5_0.5m3_01.rts
075 1034 87.90 1591 Test_Pos23_PTSReal_Flat_A5_0.5m3_O1.rts
0.98 1599 18386 1.70 Test_Pos23_PTSReal _Flat A5 0.5m3_02.ris

Figure 5-2: Statistic values of a given cell

5.1.1 Quantile Values

The default quantile values in RAMMS::ROCKFALL are 90%, 95% and 99%. These three values can be
changed by the user, see details below. The Mean, Median and Max values are fixed and cannot be
changed.

How to change the Quantile Values

Use Help — Advanced... — Additional Preferences... — Edit or use the button [EJ (Additional
Preferences) in the lower left toolbar.
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| Save I Save fs... m

———— === =y

ROCKE_STOP_VELO.1 it
MAK MR TRAIECTORIES 100

QUANTILE 3  (0:Mean / 1:Median / 2:90% / 3:95% / 4:99% / 5:Max)
QUANTILE_VALUES 0.9 095 0.99 (Mean, Median and Max are fix)
MIN_NR_STATS_CELL 1

Bl| ROT_UNIT 2 { O:rad/s, 1: degfs, 2: rot/s RELOAD Simulations! )
FONTSIFF 16/

Figure 5-3: Additional Preferences: Quantile Values

Find the keyword QUANTILE VALUES, change the values accordingly and press the Save button.
Changing these values results in adjusted statistical analyses and dropdown menus, according to the
values the user entered (and saved!).

P& Kinetic Rock Energy (ki) Statistics - Test - Kinetic Rock Energy (k) o=
Kinetic Rock Energy (kJ) - Statistics Summary: 0
Parameter: Kinetic Rock Energy (kJ)
Min / Max: 0.00 / 18668 61 Nr of Data Values: 201 766 Mean
Mean / Median: 4078.94 /3812.10 Histogram Bin Size: 122 .02 !

Std Dev: 2568.42
L3 LICR: 210R, 65 [ 5702.22 [ 3585 57

[ I
200 / GBS [/ QP9 75) 7.45 /868217 [ 11168.64

Median
G009

0.04 = 3 5000 99,
E E =
G 002 —53000 3
001 b .“ <2000 §
~UE s 71000 &=

Figure 5-4: Adjusted quantile values in Statistic Mode; Left: Statistic Summary Plot, Right: Quantile
dropdown menu in upper right toolbar of GUI.

5.1.2 Statistic Vocabulary
Probability Density Function (PDF):

Wikipedia: “The probability density function (PDF), or density of a continuous random variable, is a
function that describes the relative likelihood for this random variable to take on a given value. The
probability of the random variable falling within a particular range of values is given by the integral of
this variable’s density over that range—that is, it is given by the area under the density function but
above the horizontal axis and between the lowest and greatest values of the range. The probability
density function is non-negative everywhere, and its integral over the entire space is equal to one.”

Cumulative Distribution Function (CDF):

Wikipedia: “In probability theory and statistics, the cumulative distribution function (CDF), or just
distribution function, describes the probability that a real-valued random variable X with a given
probability distribution will be found to have a value less than or equal to x.”
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Empirical Distribution Function (EDF):

Wikipedia: “In statistics, the empirical distribution function is the distribution function associated with
the empirical measure of the sample. This cumulative distribution function is a step function that jumps
up by 1/n at each of the n data points. The empirical distribution function estimates the cumulative
distribution function underlying of the points in the sample and converges with probability 1 according
to the Glivenko—Cantelli theorem.”

Boxplot:

Wikipedia: “In descriptive statistics, a box plot or boxplot is a convenient way of graphically depicting
groups of numerical data through their quartiles. Box plots are non-parametric: they display variation
in samples of a statistical population without making any assumptions of the underlying statistical
distribution. The spacings between the different parts of the box indicate the degree of dispersion
(spread) and skewness in the data, and show outliers.”

IQR
L
01 Q3

I Maximum Value

Minimum Value }

Median

Figure 5-5: Boxplot Explanations (Q1: lower quartile = 25 %, Q3: upper quartile = 75 %, IQR:
interquartile range).
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5.1.3 Open a Scenario

Open a simulation scenario with Track - Open... - Rockfall Scenario or cIickﬁl in the toolbar and
then choose a scenario in a project’s output folder.

Select Rodkfall SCEMARIO Folder

4 . Test

) doc

. logfiles

4 | output
4 | Test
| data
, doc
| rocks
> 1. Test_Lah

Make Mew Folder

Figure 5-6: Browse for Scenario Folder.

Click OK to choose the selected scenario. RAMMS will then open the scenario.

If you would like to open several scenarios, or you want to filter results, then use Track - Open... -
Rockfall Scenario (Filter/Multi).

Mrof Output Files: 250

File Mame Filter:
Erter Fiter String (optional)

- Leave Empty and Click OKto Open Al Files
- Use ":" to Separate Multiple Fiter Strings
- Click Cancel to Abort

| oK | |Cancel |

Figure 5-7: The file name filter shows information about the scenario that you are opening.
You can enter a file string or click OK to open all files.

Enter a file name filter for the specific results (use a colon to use more than one filter string) or click
OK, if you are interested in all the simulations in the scenario folder. Click OK to proceed.
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| Open more SCENARIOS?

Click Yes to select another SCEMARIO Folder

(rmake sure that you only open SCEMARIOS from

the same Project Felder!)

Figure 5-8: Open more Scenarios?

Click Yes to choose another scenario from the output folder. It is important that the scenarios are
saved in the same project folder. Click No if you want to analyze only the results from one scenario.

RAMMS will open the scenario and show the 95%-Quantile of the kinetic Rock Energy (kJ). The 95%-
Quantile is the default selection of the quantile dropdown menu in the upper right toolbar. You can
change the default selection in the Additional Preferences (Keyword: QUANTILE, values between 0 - 5

correspond to the position of the quantile in the dropdown menu, see Figure 5-4).
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Figure 5-9: Statistic Mode information is shown in the right panel in the Scenario tab. (Min, Q1,

2500.00 A

1666.67

r Various

Files General Display Rock Scenario

- Scenario Information

Scenario Information

Nr of Trajectories: 1000
Trajectory-Mode: OFF
Average Slope (Degrees): 27.73 / 34.46 / 76.49

Summary Statistic - Kinetic Rock Energy (kJ)

Min: 0.00
Q1:1081.35
Mean: 1936.32
Median: 1883 54
Q3:2668.28
Max: 7412 .89

IQR: 1586.9
5td Dev: 1105.5

Mean, Median, Q3, Max, IQR, StdDev).

The Scenario tab on the right shows useful Statistic Mode information. The trajectory mode should be
OFF —you are in the statistic mode. You find general information about the selected scenario:
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e Nr of Trajectories and Average Slope over all trajectories (=Pauschalgefalle: min, mean, max).

The average slope of a trajectory is the slope of the line drawn between start and deposition

point of the rock.
e 8-Point Statistic information of the selected parameter

In Statistic Mode, Jump Height (H), Rock Velocity (V), Resultant Rotational Rock Velocity, Kinetic Rock

Energy (E), Scar Length and Scar Depth results are available ( ).

n | Results Statistics  Trajectory  GIS  Extras  Project Help

Rock Velocity
Rotational Rock Velocity

Translational Acceleration ¥

Z

Total Rock Energy (kin+pot)

Resultant

Kinetic Rock Energy

Kinetic Rock Energy (translational)
Kinetic Rock Energy (rotational)
Probability Kin Energy

Probability Jump Height
Translational Ground Drag

Retational Ground Torque

Scar Length
Scar Depth

etic Rock:Enetgy. (k/)

Figure 5-10: Statistics Mode: Dropdown menu Results

3 Jump Height ﬁ ’m }
¥ 3 X

All other results are available in Trajectory Mode only. For the visualization of the parameters, you can
choose between the values Mean, Median, 90%, 95%, 99% or Max values. The dropdown is in the

Q|80% «
upper toolbar E .

The menu Statistics offers the following functions:

v -

ts = Statistics Trajectory  GIS  Extras  Project  He
o Summary Plot
Barrier Plot

Multiple Barrier Analysis

Nr of Rocks
Nr of Deposited Rocks

Reach Probability (Source)
Reach Probability (Total)

Reach Probability from Shapefile
- "
Figure 5-11: Statistics Mode: Menu Statistics.

e Summary Plot (statistics summary of the selected parameter)

e Barrier Plot (statistics of line profile or polygon area of selected parameter)

113



CHAPTER 5: RESULTS

Multiple Barrier Analysis (do a statistical analysis of several barrier areas, but without a

barrier plot. Results are written into a log-file.

e Nr of Rocks

e Nr of Deposited Rocks

e Reach Probability (Source)
e Reach Probability (Total)

e Reach Probability from Shapefile

In the horizontal toolbar you can find the following functions:

e Barrier Plot @
e Line Profile i&_l
e Cell Info File >
e Quantile dropdown -
alss® 7]
menu Mean
Median
S50%
495%
Max

5.1.4 Summary Plot

Choose the result parameter that you are interested in (e.g. Jump Height, Rock Velocity, Kinetic Rock
Energy or Resultant Rotational Rock Velocity). The results appear in the main window. Exercise 5.1
shows how to produce and analyze a Summary Plot.

Exercise 5.1: How to analyze the Statistics Summary Plot.

e Switch to 2D mode by clicking Ql
e Activate the project by clicking on it once. Be sure that you are in the Statistics Mode
(Trajectory Mode = OFF in the right toolbar).

o Choose the result parameter that you are interested in.
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e Go to Statistics > Summary Plot.

e A window opens, displaying the Statistics Summary Plot. You can save, print or edit the plot

HB&\&:Q’J‘W

by clicking one of the buttons on the lower left corner.

Velocity (m s-1) - Statistics Summary:

Parameter: Velocity (m s-1)

Min [ Max: 0.00 / 37 98 Nr of Data Values: 17578
1 Mean [ Median: 14.27 [ 1417 Histogram Bin Size: 0.67
5td Dev: 6.09

Q1 /03 /IQR: 5.83 /1845 ( 8.62
Q80 / 095/ 089 22,16 / 24.52 / 28.92

0.06
g 0.05 POF | Jeoo
0.04 ) 1B

2 Zo0mE
-E 0.02

oo
0.00

I I
3 | |
....... Lowwivvn i loswvonwia b losvnnnniiliviig
[1] 10 20 30 40
Velocity (m s-1)
1.0 —
oof d
4 8,,c pd
02 - Vd
D.DTIII 1 IIIII1DIII IIIZGIIIIIIIII3DIIIIIII40IIIII
Figure 5-12: Statistics Summary Plot.
(2) Data information
(2) Probability Density Function PDF
(3) Boxplot

(4) Cumulative Distribution Function CDF

5.1.5 Barrier Plot

If you need to analyze special areas (region of a planned dam or realized rockfall nets, etc.) then the
Barrier Plot is a good choice. Use a line profile (polyline shapefile) or a polygon region (polygon
shapefile) to create a Barrier Plot.

A Barrier Plot contains the same statistical information as a Summary Plot, but for a certain region of
interest (line or polygon). Additionally, for smaller datasets (< 10000 data values), an empirical
distribution function plot (EDF) is added to the CDF plot. For small datasets, the EDF plot (red line in
lower plot, see Figure 5-14) can deviate from the CDF plot. For large datasets, the EDF plot is not
shown, as the two plots are then identical.

It is important to note, that the analysis and interpretation of the barrier plot should be carefully
undertaken. The number of trajectories passing through certain grid cells (from a polyline or polygon
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region) is crucial to establish a confidential statistic with reliable results. For this, a third axis has been
added to the line profile plot, the axis “Data Values”. This parameter indicates how the data values are
distributed along the line profile. For a rule of thumb, if data values drop far below numbers of 100,
then the statistical analysis becomes strongly dependent on the peaks (trajectories with very high
kinetic energies and jumping heights). Deriving for example the Q95-value out of such strongly
asymmetrical distribution might result in an overrated, non-representative Q95 value. In the following
Figure 5-13, the line profile plot along a 87m long section is shown. The peak regions with jumping
heights of ~3m coincide to very low data values of 10 and less (right red circles). In contrast, where
data values exceed 200 or more (left red circles), the jumping heights are lower and are more
representative for this scenario.

Barrier plots are only possible for Jump Height, Velocity, Kin. Energy and Rot. Velocity results.
Barrier Plot from new Line Profile &J

Draw a line profile by clicking L&J (e.g. adam or places that you are specifically interested in e.g. a place
where several trajectories pass through). RAMMS opens both a Line Profile Plot and the Barrier Plot
for the line:

B] RAMMS Line Profile Plot - Jump Height (m) - Q 95% — O *
Simulation: SilsBaselgia
L 20 — _
I — Jump Height {m) - Q 95% ]
L - Topog raphy -
0 L | - — - DataValues — 1840
+ Rocks ]
B 15— _
400 — 2 | -
L e i —
f— o -
3‘:1. - ‘g B — 1830 £
S 3W— = T ] 5
R 1
a8 2 . <
200 — E - .
L - | — 1820
1 —_
B 5 ;o . 1 -
= i ; L -
100 — K SN \ , O N
| vy 1 st _|
L ; N
B | ) " 4 O \‘ ,,r \\ :
L L —d N + m |
ol 0 R N R R S N R S N Bl o | 71810
0 20 40 60 ~ 8
Proj. Distance (m)
= n|E§In' 7 - M M M v M [6,578]

Figure 5-13: Line Profile Plot depicting the Topography (green line, right y-axis), the jump height
(rock position) on top of the topography (red dots, Rocks), the Data Values distribution (blue
dashed line, left outer y-axis) and the Jump Height values (red line, left inner y-axis).
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] Barrier Statistics - SilsBaselgia - Jump Height (m)

Parameter: Jump Height {m)

Min / Max- 0.59 / 3.32

Mean / Median: 0.82 / 0.83

Std Dewv: 0.30

o1 /03 /I1QR: 0.78 /087 /021
Q80 /.5 /P8 125 /160 /227

Barrier - Statistics Summary:

Scenario; SilsBaselgia

Lire Profile: profile.shp

Tra)./Stopped: 31341
Nr of data values: 4058
Histogram bin size: 0.03

SHED- 7T 5

0.25 ¢
0.20 f F’DFl 7 400 B
w 0.15 E 530 g
T 010 F 4 200 g
005 E . =100 &
0.00 2 mnmmu-hu_luh%rlg_l_l_l_l_; D
1 2 3
I T T T T T
] P I S S T T T |
1 2 3
Jump Height (m)
1.0 £ — ! 71.0
08 E EDF j08
w 08 E 406 w
O - ]
O 04E f 104 0
02 E 7 {02
00 r > 3 00

[245,510]

Figure 5-14: Barrier Plot of a line profile. Scenario and line profile name are marked in the upper
right corner (red box). An empirical distribution plot (EDF, red line) is added to the CDF plot for
smaller datasets.

Barrier Plot from file @

Use Statistics —> Barrier Plot or the horizontal toolbar button @ to select a polyline or polygon

shapefile you wish to create a Barrier Plot for.

A window opens, displaying the Statistics Barrier Plot (see figure above). In the Data information part
of the Barrier Plot you find the information about the selected scenario and the name of either the
polyline or the polygon shapefile. Additionally, you will find a statistical summary with the most

important statistic values, as well as information about the total number of trajectories passing the

region (3134) and stopping in the region (1), see Figure below (Traj./Stopped: 3134/1).
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Barrier - Statistics Summary:
Parameter: Jump Height {m)

Min / Max: 0.59 /3.32 Scenario; SilsBaselgia

Mean / Median: 0.82 /0.83 Line Profile: profile.shp

Std Dev. 0.30 Traj./Stopped: 31341

Qf /O3 /I1QR: 0.76 /0897 /0.21 Nr of data values: 4058
QB0 [ Q85 [ (99 1.25 /150 /227 Histogram bin size: 0.03

Figure 5-15: Data information part of Barrier Plot

5.1.6 Number of Rocks

Number of rocks that passed through a given cell.

5.1.7 Number of Deposited Rocks

Number of rocks that stopped in a given cell.

5.1.8 Reach probability

Source:

The probability that a rock arrives in a given cell. The release cells (source) feeding a given cell are
taken into account when calculating the Source reach probability.

Menu Statistics = Reach Probability (Source)
Total:

Same as above, but release cells are not considered; Total reach probability is calculated from total
released rocks.

Menu Statistics = Reach Probability (Total)
Reach Probability from Shapefile:

Normal reach probabilities (Total and Source Reach Probability) are calculated on a grid cell basis. This
can lead to lower values than expected. With this feature it is possible to calculate a “Source Reach
Probability” for a polygon region.

Menu Statistics = Reach Probability from Shapefile
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5.1.9 Trajectory Impact-Analysis from Shapefile

This feature can be used to analyze rock impacts on polygon areas, e.g. galleries, roads, dams, etc.

e Open a scenario in Statistics-Mode

e draw a polygon shapefile where you want to analyze trajectory impacts
e Choose “Extras = Trajectory Impact-Analysis from Shapefile” and select above shapefile

The following plot will then show impact angles in degrees:

Figure 5-16: Impact-Analysis

] RAMMS | Impact Analysis

Impact angle ()

O
Trajectories Impact Analysis - "abschnitt_strasse.shp"
rr r 1t r 11| 11 ] 1 1
Q1 =17.46 Q3= 3744
Median = 25.43
Min = 0.68 Max = 60,54
TR N W NN T SO TN NN MO ST SR N SO |
0 20 40 60 8O
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Impact angles (alpha o) are calculated according to the following sketch:

Figure 5-17: Impact angles

Additionally, two txt-files are saved in your scenario-directory:

e impact _data.txt and

e impact_trajectories.txt

impact_data.txt:

This file contains details of every trajectory impact (impact time and location, kin. Energy, velocities

and impact angle). The first entry “i

wn

is the index-value into “impact_trajectories.txt”.

Figure 5-18: impact_data.txt file containing impact-analysis data

i, £t (8), X m), ¥ (m), Z (m), Ekin (k&J), Vx (m/=s), Vy (m/s), Vz (m/s), Vres (m/s), BEngle (%)
0, 35.300, T78061.97, 145328.14, 1798.17, 21.02, 5.19, -9.15, -2.64, 10.85, 14.08
1, 49,961, T78083.54, 145348.46, 1798.1%, 3.72, 3.33, -2.33, -2.51, 4.77, 31.75
2, 33.881, 7T78307%.86, 1l45340.24, 1753.41, 83.93, 5.29%, -14.35, -18.00, 23.62, 49.65
3, 35.763, 778065.73, 145333.5%, 1798.26, 35.12, 4.58, -13.05, -5.15, 14.76, 20.43
4, £1.304, T78076.88, 145350.41, 1799.02, 10.40, 4.00, -5.87, -4.72, 8.52, 33.60
5, €1.501, 778078.55, 145346.55, 179%.44, 29,92, 7.26, -5.94, -8.12, 14.09, 35.20
&, 32.102, 7T8069.55, 145322.85, 1797.22, 117.79, 3.89, -19.19, -18.07, 26.64, 42.70
7, 34.042, T7T73086.22, 145351.55, 17%53.21, 2.68, 2.34, -2.9%, -0.83, 3.89, 1lz2.32
8, 31.401, 778071.65, 145343.48, 1798.50, 24.82, 6.%1, -9.00, -6.33, 12.99, 29.15
9, 56.742, 778043.993, 145320.58, 1798.30, 0.%&, 1.17, -1.70, -1.06, 2.32, 27.30
10, 50.922, T778076.89, 145346.46, 179%.51, €7.99, ©.39, -14,20, -15.41, 22.57, 43.06
12, 50.822, 778037.37, 145315.7&, 1798.23, 1.49 3.03, 37.45
14, 44.642. T778027.15. 1452%594.12. 1758.18. 15.5¢ S.61. 20.5%9

impact_trajectories.txt:

This file shows all trajectories passing your shapefile, even if they do not impact.

5.1.10 Open Trajectories from Shapefile

Use Extras = Open Trajectories from Shapefile to select a shapefile (polygon or polyline), and open all

the trajectories passing or stopping in the specified shapefile.
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5.1.11 Analyse Gallery Impacts

This analysis is based on the following Swiss-guidelines “Effects of rockfall on protective galleries”
(ASTRA-Richtlinie 12006: Einwirkungen infolge Steinschlags auf Schutzgalerien ). According to the
guidelines we can calculate the force at the point of impact Fi (kN) as well as the penetration depth t
(m) according to these equations:

Figure 5-19: Equations to calculate force Fk and penetration depth t.

Using the following parameters:

e Rock mass m (t) (from simulation)
e Radius of the rock’s surrounding sphere r (m) (from simulation)
e Impact velocity vk (m/s) (from simulation)
e Layer thickness of covering e [m] (manual input)
e Static compression modulus of material Mcx (kN/m?)  (manual input)
e Friction angle of covering material @ (°) (manual input)
e Density of rock p (kg/m?) (manual input)

Eindeckung

Decke

Figure 5-20: Oblique impact of rock on gallery
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Use “Extras = Analyse Gallery Impacts” to start the gallery-analysis.

RAMMS::ROCKFALL will then show the following window, where the “manual input” parameters
from above must be specified (or the default values can be adopted).

@ RAMMS | Barrier Impact Parameters

Save Save As_.. Done with RAMPS | Barrier Impact Parameters
CoverThick: 2.00 Layer thickness of the covering in [m]
ME-modulus: 200000 Static compression modulus of material [kN/m2]
Frictangle: 32.00 Friction angle of the covering material [*]
DensityRock: 2600.0 Density of rock [ke/m3]

Figure 5-21: Input window for gallery-analysis parameters.

Remarks:

e Only the FIRST impact of each rock trajectory on the gallery is used for the analysis
(assumption: subsequent impacts are less severe).

e RAMMS creates a point-shapefile containing all impact-points with key attributes (impact
force, angle, speed, etc.).

FD [ Shape | 1] t(3) | Angier) | Wrespre | Ekmpre( | FR(M | Peniimi |
7ars| 13 weE|  Eass

14318

Figure 5-22: Point-shapefile with impact points on gallery.
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e Additionally, RAMMS creates two raster files (GeoTIFF, linear interpolation):
o Distribution of Impact-Force F (by Richtlinie) over gallery-area
o Distribution of pentration-depth (by Richtlinie) over gallery-area

Figure 5-23: Raster results of impact force Fk (left) and penetration depth t (right).
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5.2 Trajectory Mode

To analyze simulation results in more detail, the rocks can be opened in Trajectory Mode. This mode
enables a detailed analysis of single trajectories of specific rocks. No statistic is available in Trajectory
Mode.

/4 W iy
/ ) L) e

Figure 5-24: Rockfall trajectories; different colors depict different kinetic rock energies (KJ).
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5.2.1 Open results in Trajectory Mode

Open trajectories with the button , the keyboard combination Ctrl+T or go to Track - Open >
Rockfall Trajectories. Choose the trajectories that you are interested in from the traj_files folder in
the output scenario folder and click Open.

.« RAMMS » ROCKFALL » Beispicle » Test b output b Test b ~ [ 4] ~=~»:~'.-‘s::
=
Organize « Mew folder =~ [
A Favorites it Mame Date modified Type Size :
PR Desktop | data 21.04.2015 14:02 File folder
& Downloads J doc 21.04.2015 14:02 File folder
'&'} Dropbox E Q Test Pos33_R2.rts 21.04.2015 10:27 Real Time Streami... 59 KB
. ramms E Test_Posdl_R2.rts 21.04.2015 10:27 Real Time Streami... 71 KB
. Lizenzen Q Test_Posd45_R2.rts 21.04.2015 10:27 Real Time Streami... T4 KB
. C_Codes 1 E Test_Pos2d_R3.rts 21.04.2015 10:26 Real Time Streami... 80 KB
. Implementation_ E Test_Posl5_RS5.rts 21.04.2015 10:26 Real Time Streami... 85 KB
. SWITCHdrive E Test_Pos36_Rd.rts 21.04.2015 10:27 Real Time Streami... 90 KB
15 Recent Places E Test_Pos9_Rl.rts 21.04.2015 10:25 Real Time Streami... 97 KB
E Test_Pos33_R3.rts 21.04.2015 10:27 Real Time Streami... 98 KB
= Libraries E Test_Pos29_Ré.rts 21.04.2015 10:26 Real Time Streami... 100 KB
3 Documents E Test_Posl8_R2.rts 21.04.2015 10:26 Real Time Streami... 104 KB
rJ'- Music E Test Pos24_R2.rts 21.04.2015 10:26 Real Time Streami... 104 KB
= Pictures E Test_Pos34_R2.rts 21.04.2015 10:27 Real Time Streami... 104 KB
B videos i @ Test Pos22 RSurts 21.04.2015 10:26 Real Time Streami... 107 KB
File name: "Test Pos34_RZ.rts" "Test_Pos33_R2.rts" "Test_Posdl R2.rts" "Test Posd5 R [*.rts ]
[ Open ] [ Cancel

Figure 5-25: Open trajectories dialog window

RAMMS will then open all the selected trajectories. If you want to add trajectories from another
scenario, or filter your output files, then use Track > Open > Rockfall Trajectories (Filter/Multi). In
Figure 5-26 you could filter your selected trajectories (use a colon to use multiple filter strings).

Otherwise click OK.

T

Mr of trajectories: 12

File name fitter:
Enter fitter string (optional)

- Leave empty and click QK to open all the trajectories

- Use "." to separate multiple filter strings
- Click Cancel to abort

Figure 5-26 Filter options for selected trajectories

Add trajectories from other scenarios (but within the same project). Click Yes in Figure 5-27 to select

more trajectories, click No otherwise.
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3 .I Selected trajectories: 12 I

~ Open mare TRAJECTORIES?
Click Yes to select more trajectories from another scenario folder

(make sure you enly open trajectories from the same
project folder)

ves || MNe

Figure 5-27 Possibility to add trajectories from another scenarios.

It is suggested to open only up to 100 single trajectories at one time (e.g. from a specific scenario).
Although it is possible to open more trajectories, it is not recommended, because the memory usage
will increase strongly, and the handling of your visualization will get very slow. Control if the trajectory
mode is ON (in the general tab of the right field) and the toolbar shows the number of trajectories.

The buttons provide quick access to Jump Height, Velocity and Kinetic Rock Energy of the
simulation.

5.2.2 Visualize different parameters

The drop-down menu Results offers the following functions in the trajectory mode:

n  Results Statistics  Trajectory GIS  Extras  Project Help
Jump Height s
b E [ 100% | 3]
Rock Velocity
Rotational Rock Velocity » X
Translational Acceleration Y
z

Total Rock Energy (kin+pot)
Resultant

Kinetic Rock Energy
Kinetic Reck Energy (translational) .

Kinetic Reck Energy (rotational)
Probability Kin Energy
Probability Jump Height
Translational Ground Drag

Rotational Ground Torque

|

Scar Length g
Scar Depth N ,;/ S

Figure 5—28:'Trajectory Mode: Dropdown menu Results

e Jump Height (m)
e Rock Velocity (m/s)

e Rotational Rock Velocity = X, Y, Z, Resultant (rad/s, deg/s or rot/s)
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(the unit of rotation can be adjusted in Additional Preferences, ROT_UNIT, default rotation
unit is rot/s)

e Total Rock Energy (kin + pot) (kJ)

e Kinetic Rock Energy (kJ)

e Kinetic Rock Energy (translational) (kJ)

e Kinetic Rock Energy (rotational) (kJ)

e Translational Ground Drag (kN)

e Rotational Ground Torque (kNm)

e Scar Slippage (m)

e Scar Depth (m)

Exercise 5.2a: Displaying calculation values.

s)

E

E 5
@

.«E T
el a
2 £
3

Figure 5-30: Results Jump Figure 5-31: Results Kinetic
Height Rock Energy

Figure 5-29: Results Velocity

The values of Jump Height, Rock Velocity and Kinetic Rock Energy give a good overview of the
dimension of the rockfall event in the trajectory mode. You can choose the parameters in the
horizontal toolbar under Results.
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5.2.3 Working with trajectories

Select a trajectory with the mouse:

@ RAMMS:ROCKFALL 1.5.01 - [DARAMMS\Rockfall'\Beispiele\0205_Gurtnellen06\New\ersion_DPhi0.000000_DTheta0.000000_DPsi0.000000.rts]

(=@ = |

Track Edit Input Show Run Results Trajectory GIS Extras Project Help

' P

Select with mouse ,~

S

Information is refreshed ﬂ

f

¢ mED BR (@@ BE IeE=s E

-

Dump Steps
pick to select, or click & drag selection box

HEOE W& >~ MoO—mck 3 - AnDo¢e FVE ¢ BO B

4

ROCKFALL

PARAMETER: Velocity (m s-1)

General Displayl Rock | Region

Simulation Parameters

Z-offset: 0.000000

Rock Posttion X: 631560.00
Rock Posttion : 175880.00
Rock Position Z: 1345.0000

Overall Friction: Choose Temain
LEEE

Nr Of Nodes 259900

Nr Of Cells 258876

End Time (s} 200

Dump Step (s) 0.0

Grid Resolution (m) 2.00

Rock Magnification (x} 5

Input information

Filename:
NewVersion_DPhi0.000000_DThetal.
(00000_DPsi0.000000ml

m

»

m

4| i

[X: 6.912E+005 Y: 1.760E+005 Z: 1143.

Figure 5-32: Trajectory information — General tab. The information (filename, start position of
trajectory, etc.) is refreshed in the General tab on the right side. Additionally, the Rock tab indicates
the rock used for the selected trajectory (see next figure).
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@ RAMMS:ROCKFALL 1.5.01 - [D:ARAMMS\Rockfall\Beispiele\0205_Gurtnellen06\NewVersion_DPhi0.000000_DTheta0.000000_DPsi0.000000.rts]

(=@ ¢

% meE @6 o0 BE D@ [«

-

Dump Steps

Track Edit Input Show Run Results Trajectory GIS Extras  Project Help

G oo RoMomaelr B ANDOGQ )]
- ’ r ~ - v [ ROCKFALL

f

Select with mouse ;

<3

PARAMETER: Velocity (m s-1)

r—
| General I Displaylml‘ Hegion|

Rock Information
Mame: 3.3m3_80_2_18_16pts

Dimensions X/Y/Z {m}: 2.00/1.71/1.52

Rock Density (kg/m3):  2700.0
Rock Volume {m3): 3314

Rock Mass (kg): 8947.3

T

Rock Viewer

[lick to select, or click & drag selection box

[X: 6.912E+005 Y: 1761E+005 Z: 1143.

Figure 5-33: Trajectory information — Rock tab.

The menu Trajectory offers the following functions:

Trajectory GIS Extras

Project Help
View Trajectory XY Plot
View Trajectory XY Time Plot

View Trajectory Data Log File

View Trajectory Standard Output Log File
Create All Data Log Files Ctrl+L

View Input File (xml)

Figure 5-34: Trajectory Mode: Menu Trajectory.

e View Trajectory XY Plot

e View Trajectory XY Time Plot

e View Trajectory Data Log File

e View Trajectory Standard Output Log File

e Create All Data Log Files

e View Input File (xml)
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In the horizontal toolbar you can find the following functions:

e Rock Trajectory XY Plot ,@]

e Rock Trajectory XY Time Plot
e Line Profile ﬁl

5.2.4 Rock Trajectory XY Plot

Click on a rock trajectory. You can find the function View Trajectory XY Plot in the horizontal toolbar

(button Llﬁ.l ) or in the menu Trajectory —> View Trajectory XY Plot. If you want to analyze a trajectory
in detail, the XY plot of a trajectory is the way to go. The graph shows the currently active parameter

(you can change it by clicking one of the buttons in the upper horizontal toolbar @I@“@ or by
selecting another result parameter via the Results menu). You can keep the Trajectory XY Plot by
saving it, see Exercise 5.2b below “How to create a Trajectory XY Plot”.

Exercise 5.2b : How to create a Trajectory XY Plot

e Switch to 2D mode by clicking

e Activate the project by clicking on it once. Then click on the specific rock trajectory you want
to plot.

e Goto Trajectory - View Trajectory XY Plot or click &I

|
£3 RAMMS Rockfall Trajectory | DorfbergAnrissLinie_14.rts [_ICx]
Fle Edt Insert Operations Window Help

DEE& o~ tBEk o aE]ANOo¢e

Topography
Trajectory Data
+ +Contact Points
Jurmp Height (m)
2100 f—— AR - . T
E -1 14
2000 112
g J10E
E 1900 1 =
4 i 18 3
2 | i =
< 1800 46 B
o ] 3
a ] -
F J4
1700 | 1
F -2
1600 L 1 L 1 L L N | 1 1 L 1 L L L
0 200 400 600 80(5J

Proj. Distance (m)

[Click to select, or click & drag selection bax B9.53]

Figure 5-35: Trajectory XY Plot.

e A window opens, displaying the Trajectory XY Plot.
e You can save, print and modify the plot with the tools in the upper toolbar or open another plot.

Plot explanations:
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=  Brown line: terrain surface (scale on the left side).

= Black line: rock trajectory added to the terrain surface (altitude in m a.s.l., scale on the
left side).

= Green line: active parameter (scale on the right side).

= Blue dot: current rock position (according to the dump step shown in your simulation).

= Red dots: points of contact/scarring (consider the time step of your simulation — missing
contact points are possible if time steps are too large).

= Bottom scale: projected profile distance (m).

5.2.5 Line profile

Go to Extras -> Profile... > Draw Line Profile or click &j to draw a line profile. The line profile
function provides a graph of the currently active parameter along a specific line through the rockfall
area. This is helpful when it is of interest to know the values and maximum values at these places
(e.g. close to a road or dam). Line profiles are saved in the file profile.txt in the project directory. If
you want to keep a line profile, you have to save it, see Exercise 5.2c “How to draw a line profile”.

Exercise 5.2c : How to draw a line profile

(1) Draw a new line profile:
e Switch to 2D mode by clicking Q]

e Activate the project by clicking on it once, then click &J or choose Extras - Profile...
- Draw New Line Profile.
o Define the line profile in the same way you specify a new release line (see Exercise 4.4b

“How to create a new release line”). Finish the line profile with a right-click on the mouse

button.
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Figure 5-36: Line Profile Plot

e A window opens, displaying the Line Profile.

Plot explanations:
= Green line: track profile (altitude, y-axis on the right side).

= Red dots: active parameter (rock position) on top of the topography (altitude,
y-axis on the right side).

= Red line: active parameter (inner y-axis on the left side).

=  Blue dashed line: the Data Values distribution.

=  Bottom x-axis: projected profile distance (m).

If you change the active parameter or the Min and Max values in the Display tab
in RAMMS, the plot will be directly updated.
e To save the coordinates of the points belonging to the line profile, select Extras ->
Profile... - Save Line Profile Points and enter a file name.

e To save the line profile parameter’s data (distance (m) and the active parameter,
e.g. the jump height (m)) at the current dump step, select Extras - Profile... - Export
Line Profile Plot Data and enter a file name.

(2) Load an existing line profile:
e Switch to 2D mode by clicking Q]

e Activate the project by clicking on it once, then cIickﬁI or choose Extras —> Profile...

- Draw New Line Profile.
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e Clickthe middle mouse button once.

e A window pops up and you can browse for the line profile you wish to open.

5.2.6 Trajectory Data Log File

To see the exact values of the simulation results, check the Trajectory Data Log File which shows
the results for every dump step of a single trajectory. After running a simulation click on a rock
trajectory in the trajectory mode and go to Trajectory - View Trajectory Data Log File to open it.

€) RAMMS Rockfall Data Log File l=[@] = |

File

Trajectory Log File
Date: Fri Mar 04 12:15:17 2018 "l

»

Rock type: 2 (0: Sphere, 1: Cuboid, 2 Rock)
pts-file: DARAMMS\ROCKFALL\Beispiele\2014_05_28_ MurgFirocks\d45m3_MurgF.pts

m

Nr of Trajectories: 14
Trajectory-Mode: ON
Average Slope (Degrees): 53.33/60.70/63.91

Filename: Test R20.xml l

Z-offset: 5.82504

Rock Position X: 733015.00
Rock Position " 216020.00
Rock Position Z: 1479.95%9

Friction:
Ovwverall Type: Medium

O G i T e gl D RAMMS\ROCKFAL L\ Beizpiele\2014_09_26_MurgPoutputiTestiTest R20 ris

tis) x (m) ¥ (m} z (m} po () p1{) p2 () p3 ()
0.000 733015.000 215020.000 1486 825 0.043 0.318 0.536
0.010 733015.050 216020.000 1486.824 0.034 0.335 0.537
0.020 733015100 216020.000 1486.823 0.021 0.355 0.538
0.040 733015200 215020.000 1488 817 -0.008 0.352 0.535
0.060 733015.300 216020.000 1486.807 -0.033 0.429 0.538
0.080 733015.400 216020.000 1486.754 -0.060 0.465 0.535
0410 733015.550 216020.000 14865.768 -0.100 0.518 0.529
0.130 733015.650 216020.000 1485.742 -0.128 0.549 0.524
0.150 733015.750 216020.000 1486.715 -0.152 0.580 0.517
l 0.160 733015.800 215020.000 1486 699 -0.185 0.585 0.513
0.180 733015.900 216020.000 1486.666 -0.181 D624 0.505 I
0.200 733016.000 216020.000 1486.629 -0.215 0.651 0.485
0.220 733016100 218020.000 14856 588 -0.240 0877 0.483
0.240 733016.200 216020.000 14856.542 -0.254 0.7 0.471
0.260 733016.300 216020.000 1486.483 -0.287 0724 0.458
0.280 733016.400 218020.000 1485 440 -0.308 0.744 0.443
0.300 733016.500 216020.000 1486.383 -0.331 0.783 0.427
0.320 733016.600 216020.000 1486.323 -0.352 0.780 0.410
0.340 733016.700 215020.000 1488 258 -0.371 0.785 0.393
I 0.360 733016.800 216020.000 1486.189 -0.350 0.807 0.374 '
0.380 733016.900 216020.000 1486.117 -0.408 n.&1e 0.354
0.400 733017.000 215020.000 1485040 -0.425 0.827 0.334
0.420 733017.100 216020.000 1485 960 -0.441 0.834 0.312
O 4 an 04 Tulal ASOS0 000 AADC O 0 ACs o990 fal La)

Figure 5-37: Trajectory Data Log File.
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5.2.7 Trajectory Standard Output Log File

Further information of a simulation run is available under Trajectory -> Standard Output Log File
and

Test R20.rts | Stamg File

File

RAMMS:  ROCKFALL v1.5.50 -
build date: Wed 24 Feb 10:58:01 2018

reading input file... done
parsing input file... done

setup simulation task...
construct domain...
gravity = [0 0-9.81]
construct terrain...
height values...
dimensions =575 x 380
cell dimensions =2x 2
read samples... done

done(heighty

epsilon... donelepsilon)

use slippage contact model

mu_min... done(mu_min}
iU_mia:... done{mu_max)

beta... done(beta)

kappa... denelkappa)
ground_drag... done(ground_drag}

done(terrain}
construct boulder...
geometry = points.
#points = 30
constructing convex hull...
#vertices = 20
#faces =36
done{convex hully
done(geometry)
mass density = 2700
inertia matrzx = [121507, 121507, 121507, 268385, 354528, 216618]
inverse inertia = [8.2299%e-008, 8. 2299%e-006, 8.2259%9e-005, 3.7255%9e-008, 2.82065e-008, ¢
init....
position =[733015 216020 1486.82]
orientation = [0.047777 0.31595 0.535377 -0.731148]
linear-velocity =[50 0]
angular-velocity = [0 5 0]
slippage = 0
done(boulder)
dones(demain)
configure integrator...
dtmax = 0.01
dtdump = 0.02
alpha =1
atol =0
rtol = 1e-011
imax = 100000
done(integrator)
done

run simulation...
[0% 50% 100%]
(08 1

stop criterion: minimal kinetic energy reached

1| m 2

Figure 5-38: Trajectory Standard Output Log File.

5.2.8 Create All Data Log Files

Select Trajectory -> Create All Data Log Files or hit the combination Ctrl+L to create data log files for
all currently opened trajectories. These data log files are the same as described in Figure 5-37 and will
be saved in ../ProjectDirectory/output/ScenarioDirectory/data. Note that depending on the amount
of opened trajectories, generating all log files could take a long time and use a lot of disk space.
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5.2.9 Trajectory Input File

The input file is a simple xml file and can be viewed from within RAMMS. Use Trajectory - View Input
File (xml) to open a selected trajectory’s input file.

Test R20.rts | Sta
File

RAMMS:  ROCKFALL v1.5.50 -
build date: Wed 24 Feb 10:58:01 2018

reading input file... done
parsing input file... done

setup simulation task...
construct domain...
gravity = [0 0-9.81]
construct terrain...
height values...
dimensions =575 x 380
cell dimensions =2x 2
read samples... done

done(heighty

epsilon... donelepsilon)

use slippage contact model

mu_min... done(mu_min}
iU_mia:... done{mu_max})

beta... done(beta)

kappa... done(kappa)
ground_drag... done(ground_drag)

done(terrain}
construct boulder...
geometry = points.
#points = 30
constructing convex hull...
#vertices = 20
#faces =36 I
done(convex hully
done(geometry)
mass density = 2700
inertia matrzx = [121507, 121507, 121507, 268385, 354528, 216618]
inverse inertia = [8.2299%e-008, 8. 2299%e-006, 8.2259%9e-005, 3.7255%9e-008, 2.82065e-008, ¢
init....
position =[733015 216020 1486.82]
orientation = [0.047777 0.31595 0.535377 -0.731148]
linear-velocity =[50 0]
angular-velocity = [0 5 0]
slippage =0
done(boulder)
done{domain)
configure integrator...
dtmax = 0.01
dtdump = 0.02
alpha =1
atol =0
rtol = 1e-011
imax = 100000
done(integrator)y
done

run simulation...
[0% 150% 100%]
(08 1

stop criterion: minimal kinetic energy reached

1| m |

— — s —)

Figure 5-39: Trajectory Input File.
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5.2.10 Rock trajectory animation

It is possible to start an animation of all trajectories. Switch to 3D mode by cIickingﬁ‘ (2D mode is

working as well).

<)
Il

®

Start the animation (Alternative: F8)

Pause the animation (Alternative: F8)

Stop/Restart the animation (Alternative: F9)

Change the speed of the animation in the Display tab on the right side (speed slider from fast to slow).

5.3 Exporting image or GIF animation

Animation Control
FAST +

I

SLOW

Figure 5-40: Animation speed control slider.

Image
It is possible to export your results as an image in different formats (e.g. .png, .jpg, .gif, .tif etc.). Click

E’_l or choose Track - Export... - Image File and define a file name with the corresponding extension.

An image of the visible part in the viewer will then be exported.

GIF animation

Creating a GIF animation is only possible in output mode. Click El or choose Track - Export... - GIF

Animation. Enter a file name and location and wait until the simulation stopped. As soon as the

simulation finished, the GIF animation file is saved. In the Preferences you can define the interval for

the GIF animation (GIF animation interval (s)) in the Rockfall tab.
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Third-Party Software
The following third-party software components are used in RAMMS::Rockfall:
7-zip:

e We sometimes use 7za.exe to zip data.
e 7-zipis licensed under GNU LGPL.
e The source code of 7-zip is available at www.7-zip.org.

e Mtee is a Win32 console application that sends any data it receives to stdout and to any
number of files.
e Mitee is released under MIT License https://ritchielawrence.github.io/mtee/.

Bullet v2.85

Bullet Continuous Collision Detection and Physics Library
http://bulletphysics.org

zlib-License (http://opensource.org/licenses/Zlib):

This software is provided 'as-is', without any express or implied warranty.

In no event will the authors be held liable for any damages arising from the use of this software.
Permission is granted to anyone to use this software for any purpose, including commercial
applications, and to alter it and redistribute it freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not claim that you wrote the
original software. If you use this software in a product, an acknowledgment in the product
documentation would be appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be misrepresented as being
the original software.

3. This notice may not be removed or altered from any source distribution.
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Boost Software License - Version 1.0 - August 17th, 2003

Permission is hereby granted, free of charge, to any person or organization obtaining a copy of the
software and accompanying documentation covered by this license (the "Software") to use,
reproduce, display, distribute, execute, and transmit the Software, and to prepare derivative works
of the Software, and to permit third-parties to whom the Software is furnished to do so, all subject to
the following:

The copyright notices in the Software and this entire statement, including the above license grant,
this restriction and the following disclaimer, must be included in all copies of the Software, in whole
or in part, and all derivative works of the Software, unless such copies or derivative works are solely
in the form of machine-executable object code generated by a source language processor.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, TITLE AND NON-INFRINGEMENT. IN NO EVENT SHALL THE COPYRIGHT
HOLDERS OR ANYONE DISTRIBUTING THE SOFTWARE BE LIABLE

FOR ANY DAMAGES OR OTHER LIABILITY, WHETHER IN CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

QHull License:
Qhull, Copyright (c) 1993-2012

C.B. Barber
Arlington, MA

and

The National Science and Technology Research Center for
Computation and Visualization of Geometric Structures
(The Geometry Center)
University of Minnesota

email: ghull@ghull.org
This software includes Qhull from C.B. Barber and The Geometry Center. Qhull is copyrighted as
noted above. Qhull is free software and may be obtained via http from www.ghull.org. It may be
freely copied, modified, and redistributed under the following conditions:
1. All copyright notices must remain intact in all files.
2. A copy of this text file must be distributed along with any copies of Qhull that you redistribute; this
includes copies that you have modified, or copies of programs or other software products that

include Qhull.

3. If you modify Qhull, you must include a notice giving the name of the person performing the
modification, the date of modification, and the reason for such modification.
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4. When distributing modified versions of Qhull, or other software products that include Qhull, you
must provide notice that the original source code may be obtained as noted above.

5. There is no warranty or other guarantee of fitness for Qhull, it is provided solely "as is". Bug
reports or fixes may be sent to ghull_bug@qhull.org; the authors may or may not act on them as
they desire.

Volint

/*******************************************************
* *

vollInt.c

This code computes volume integrals needed for
determining mass properties of polyhedral bodies.

For more information, see the accompanying README
file, and the paper

Brian Mirtich, "Fast and Accurate Computation of
Polyhedral Mass Properties," journal of graphics
tools, volume 1, number 1, 1996.

This source code is public domain, and may be used
in any way, shape or form, free of charge.

Copyright 1995 by Brian Mirtich

¥ OXK K K K K X X X X K X X ¥ X X X ¥ ¥
¥ OXK K K K K X X X K K X X X X X X ¥ ¥

mirtich@cs.berkeley.edu

http://www.cs.berkeley.edu/~mirtich
* *

*******************************************************/

/*
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