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1 Introduction  
 

RAMMS::Rockfall is a physics -based 3D simulation tool for rockfall hazard 
assessment. It computes rock trajectories, jump heights, velocities, and energy 
distributions across complex terrain. The model is designed for site -specific 
hazard analyses and supp orts scenario -based risk assessment in engineering 
practice.  

1.1 Motivation  

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

¶ snow avalanches,  

¶ torrent based debris flows and hillslope debris flows,  

¶ mudslides,  

¶ ice avalanches and glacier lake outbreaks  

¶ 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, su ch 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 .  
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1.2 RAMMS  

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

¶ RAMMS::Avalanche  

¶ RAMMS::Debrisflow  

¶ RAMMS::Rockfall  

¶ RAMMS::Extended  

¶ RAMMS::RockIce  

 
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 they are  based on hard -contact, rigid -body 
Lagrangian  mechanics, 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  Hrock 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.   
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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 (sn ow 
avalanches)  and Illgraben (debris flow).   

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 . 

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).  

Since July 1 st, 2024 , RAMMS is developed by Marc Christen and Perry Bartelt at 
RAMMS AG, a WSL-Spin-off in Davos Wiesen, Switzerland.  

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.  

1.3 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 5 ᵊǉʢσσ˥̵ˈẨϓΆẨ
ȶẨα˥̮ϓ̑ȶσ˥̵ͅᵋ. However, to get the most from the manual, we suggest reading it through 
while simultaneously having the RAMMS program open, learning by doing.  

RAMMS::Rockfall is part of the broader RAMMS software suite developed at 
RAMMS AG for rapid mass movement simulation. It is designed for professional 
use in hazard mapping, protection measure design, and scientific research on 
rockfall processes.  

  

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 a ny 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 m itigation, 
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
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2 Installation and Setup  
 

Before installing  RAMMS::Rockfall , make sure you have administrative privileges 
and the license file at hand.  

2.1 System Requirements  

We recommend  the following minimum  system  requirements  for running  
RAMMS::Rockfall : 

¶ Operating System : Windows 10 or higher (64 -bit)  
(32 -bit systems like Win XP are not supported anymore)  

¶ RAM (memory): 8 GB (more recommended)  

¶ CPU: Intel Pentium 1 GHz (multi core recommended), only 64 -bit 
supported!  

¶ Graphic Card: OpenGL support recommended  

 

RAMMS::Rockfall requires a 64 -bit Windows operating system with at least 8 GB 
RAM and a dedicated graphics card for 3D visualization . For large simulation 
domains or high trajectory counts, 16 GB RAM or more is strongly recommended.  

2.2  Installation  

Please download  the  RAMMS::Rockfall   setup  file  k ramms_rockfall_setup.zip ᵐẨfrom 
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: 

¶ 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_rockfall_setup.zip starts after clicking Yes.  

¶ Unzip the file to a temporary location.  

¶ 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.  

¶ ǉσȶΒσẨσ˒ʢẨ˃˥̑ʢẨᵏΒȶ̮̮αᶊΒͅʄ̉˃ȶ̑̑ᶊαʢσϓΆᵝʢЁʢᵐᵝ If you need to do a 
silent  installation, add -silent  when starting the exe - file.  

https://ramms.ch/software-updates/ramms_rockfall_setup.zip
https://www.ramms.ch/ramms-rockfall/
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Multilingual Installation  

The RAMMS::Rockfall  installer is designed to support multiple languages, facilitating a 
user- friendly installation experience for a diverse user base. Upon launching the 
installer, users can select their preferred language, which will guide them through the 
installation proc ess in that language.  

New Update Procedure  

RAMMS::Rockfall incorporates a streamlined update mechanism to ensure users have 
access to the latest features and improvements.  

¶ Web Update : The application can automatically check for 
available updates online ᴜßʢ̑ΆẨỄf˒ʢʄ̉Ẩ˃ͅΒẨǣΆʐȶσʢα). If an update 
is found, users can download and install it directly through the 
application interface.  

 
Administrative Privileges Requirement  

To install or update RAMMS::Rockfall , administrative privileges are required. This is 
necessary because the installation process involves modifying system configurations 
and installing essential components, such as the IDL Visual Studio Merge Modules. 
Without administrative rights, the insta ller cannot make these critical changes, and the 
installation or update will fail.  

It's important to note that while administrative privileges are required for installation 
and updates, they are not needed to run RAMMS::Rockfall  after installation is 
complete.  

Licensing  

RAMMS uses a personal -use licensing model. Licenses are time - limited and bound to a 
single machine via its unique host ID. To obtain a license, generate a license request 
file from the target machine and send it to RAMMS AG. You will receive a license key 
that, once entered, activates full functionality on that specific system.  

Alternatively, a license can be installed on a Windows Server and accessed via Remote 
Desktop Connection (RDC). In this setup, the license can be used by different users, 
but only one user per module can access it at a time. This setup only works for one 
license per module.  

First -Time Startup and License Registration  

When launching RAMMS::Rockfall  for the first time, a splash screen for the IDL Virtual 
Machine will appear. Click anywhere on the image to proceed.  
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2.3  First Start and License Registration  

Double -click  the RAMMS icon  or use Start  Ễ Programs  Ễ RAMMS Ễ Run RAMMS to  
start  RAMMS for the  first  time. Whenever  you start  RAMMS, the  splash  screen  below 
(Figure 2-1) will  pop up: 

 

 
Figure 2-1: RAMMS start window.  

 

Click  on the  image.  It will  disap pear and RAMMS will  start up.  You will then see the 
RAMMS | Licensing  window ( Figure 2-2): 

 

 
Figure 2-2: Enter the full contents of your license file in this dialog box.  

 

Paste the full contents  (!!) of your RAMMS license file into the designated field. Check 
the box to confirm I Agree to the RAMMS License Agreement , then click REGISTER. 
To review the license agreement before registering, click the handshake icon.  

Create your personal license request file by clicking the top button and follow the 
instructions.  
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License Transfer  

If you want to transfer your RAMMS license to a new PC, do the following:  

¶ install RAMMS on the new PC  

¶ generate a new license request file  

¶ send us the new license request file TOGETHER with your old 
license file by email  

¶ we  will then send you the new license file (email)  

¶ uninstall RAMMS from your old PC  

 

Module availability  

RAMMS modules can only be used by one user at a time.  

If a module is already in use, RAMMS shows the name of the user currently blocking 
the module.  

A module may also remain reserved while a long simulation is running.  

If RAMMS is not closed properly, the reservation may remain active for a limited time 
and is released automatically after the timeout period.  

 

On first launch, RAMMS checks your license information. If a module is already in 
use, RAMMS shows the name of the user currently blocking the module . 
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3  The RAMMS::Rockfall GUI  
 

RAMMS uses separate 3D and 2D views. Several input functions ᴶ release zones, 
ground categories, forest parameters, and shapefiles ᴶ are only accessible in 2D 
mode. Familiarize  yourself with the toolbar layout and the project/scenario 
structure before running simulations; each project can contain multiple scenarios 
sharing the same DEM.  

3.1 Starting the Graphical Interface  

When RAMMS is launched by double -click ing the RAMMS::Rockfall  icon,  

 

an initial splash screen is displayed  (image below) . This screen confirms that the 
RAMMS application has loaded successfully and is ready to start.  

Please note that this splash screen is part of the IDL Virtual Machine startup 
procedure. RAMMS will not continue to the main interface until the splash screen has 
been clicked.  To continue, click once on the splash screen image.  

 

 
Figure 3-1: IDL Virtual Machine splash screen  

 

RAMMS will then open the main  Graphical User Interface  (GUI). 
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Figure 3-2: RAMMS::Rockfall GUI at startup. The interface is structured into five main 

regions: (1) a vertical panel on the left side featuring icons for display settings, 
animations, and preferences, (2) the action toolbar at the top for key functions, (3) the 

tab field on the right for managing files, (4) the time slider and information displays 
along the bottom for timeline control, and (5) the central display field for input and 

output graphics.  

 

The GUI provides  a structured and user - friendly workspace. The interface is divided 
into five distinct regions, see Figure 3-2: 

¶ Display, Animation and Preference Icons (Left Side): A vertical list of icons 
for quick access to display features.  

¶ Action Toolbar (Top Side): A horizontal row of icons, including key 
functions for project management and data input/output handling.  

¶ Tab Field (Right Side): A dynamic space for working with multiple tabs, 
used for file management, user information and display options.  

¶ Time Slider & Information Displays (Bottom Side): A timeline control and 
key important user information.  

¶ Input/Output Graphics Display:  In this window the input/output graphics is 
displayed in two -dimensional, or full three -dimensional mode.   
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At this point, users have four primary options , conveniently located in the upper action 
toolbar:  

¶ Create a New Project : Begin a fresh project from scratch.  

¶ Open an Input File : Load an existing input dataset for processing.  

¶ Open a Rockfall Scenario : Access previously simulated scenarios.  

¶ Open Rockfall Trajectories : Access previously simulated trajectories.  

 

Use the Recent option  from the menu Track, to  load the last active project s. Input 
files, calculated scenarios or trajectories can be opened after startup . 

 

3.2  Project  Creation / Opening Input and Output Files   

 

 

Create Project  Creates a project, selects a DEM  

 

Open Input File  Opens an existing input file  

 

Open Rockfall Scenario  Opens an existing scenario  

 
Open Rockfall Trajectories  Opens rockfall trajectories  
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3.2.1  Project Creation  
 

Every RAMMS::Rockfall  workflow begins with the creation of a project . A project is 
inherently linked to a specific terrain model, which is defined by a Digital Elevation 
Model (DEM) . To establish a new project, users must consider three essential 
elements:  

¶ Project Name: A unique identifier for the project.  

¶ Project Location, or Home Directory: The directory on the user's computer 
where project files will be stored.  

¶ Digital Elevation Model (DEM): A topographical dataset that forms the 
foundation of the simulation.  

 

Initiating a New Project  

To create a new project , click the " Create Project " icon, located on the upper toolbar. 
This icon is easily recognizable, featuring a rocket ship in front of a cogwheel. Upon 
selecting this option, the Create Project menu  will appear (see Figure 3-3). 

The user can also launch the Create Project Wizard  via the pull -down menu by 
navigating to ǗΒȶʄ̉ẨỄẨũʢϸẨỄẨƴΒ́ͅʢʄσẨȆ˥НȶΒʐ (see Figure 3-3).  

 

 
Figure 3- 3: Activating the project wizard via pull - down menus.  
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3.2.2  Understanding  the Create  Project Wizard/Window  
 

The Create Project  interface is divided into three distinct sections ( Figure 3-4), each 
serving a crucial role in the project setup process:  

¶ Project Name & Home Directory (Upper Section)  

o Users must define a project name and select a home directory where 
all simulation files will be stored.  

¶ Project Description (Middle Section)  

o This section allows users to input descriptive text about the project.  

o While often overlooked, this feature can be highly valuable ᴶ
especially when revisiting simulations years later. Documenting 
important details ensures continuity and understanding for future 
analysis.  

¶ DEM File Selection (Lower Section)  

o Here, users import the DEM file, which defines the terrain for the 
simulation.  

o Once selected, RAMMS::Rockfall automatically analyzes and reports 
the DEM resolution, typically 2m or 5m. The Grid Resolution tab in 
the DEM Input section allows users to adjust the resolution of a DEM 
to better suit their simulation needs.  

 

To modify the DEM resolution , simply click on "Grid Resolution" , enter the desired 
resolution, and apply the change. For instance, if the original DEM has a resolution of 
0.25 meters , it can be resampled to a coarser resolution, such as 2 meters , using 
bilinear interpolation . Similarly, if the DEM resolution is too coarse (e.g., 30 meters ), it 
can be refined to a finer resolution (e.g., 2 meters ) using the same functionality. This 
flexibility ensures that the DEM is appropriately scaled for efficient and ac curate 
simulations.  

By carefully setting up a project with a clear name, an appropriate directory, and an 
accurate DEM, users establish a solid foundation for successful simulations in 
RAMMS::Rockfall.  

 

3.2.3  DEM Files  *.asc and *.tif  
 

RAMMS::Rockfall  supports two different types of file formats for DEM files : *.asc and 
*.tif. The ASC format , an ASCII Grid format developed by Esri, is a plain text file that 
stores elevation data in a structured grid with human - readable values, making it easy 
to edit but often larger in size. It includes metadata such as cell size, coordinates, and 
NoData valu es. On the other hand, the TIFF format , specifically GeoTIFF (*.tif), is a 
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raster format that supports georeferencing  and can store elevation data in a more 
compact, binary form. GeoTIFFs are widely used due to their efficiency, ability to store 
multiple bands, and compatibility with GIS software. While ASC files are simpler and 
useful for certain applications, GeoTIFFs are generally preferred for large -scale DEM 
storage and processing due to their superior compression, metadata handling, and 
performance.  

 

 
Figure 3-4 : The RAMMS::Rockfall Create Project Menu. The menu is divided into three 

sections.  In the upper section a project name and home directory is defined. In the 
lower section the DEM is specified by the user.  In the middle section  

project information can be inserted.  

 

The DEM Settings  menu is accessed from the Create Project  menu ( Figure 3-5) and 
serves two main purposes: providing key spatial information ᴶsuch as the maximum 
North, South, East, and West  coordinates ᴶand allowing users to clip the DEM  if 
needed.  

Clipping the DEM  can be done in one of two ways:  

¶ Manual Coordinate Entry : Users can manually define the clipping 
boundaries by entering exact N, S, E, and W coordinates. This is done by 
activating the corresponding icons in the DEM Settings menu, after which 
the GUI prompts the user to input the desired values.  
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Figure 3-5: The DEM Settings menu. With this menu, the DEM can be reduced by 

clipping.  

  

¶ Shapefile -Based Clipping : Alternatively, users can clip the DEM using a 
domain shapefile. This method is often preferred, particularly when refining 
the computational domain from existing simulations and when a suitable 
domain file from a previous calculation is available.  

By offering these two clipping options, the DEM Settings  menu provides flexibility in 
tailoring the DEM to the specific needs of the project.  

 

A RAMMS project links a DEM to one or more scenarios. Each scenario stores its 
own release zones, ground categories, and rock parameters independently. Use 
meaningful project and scenario names from the start ᴶ renaming later can break 
file references.  
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4  Theory  

RAMMS::Rockfall models rock motion through coupled translational and rotational 
equations of motion. Terrain interaction is governed by normal and tangential 
contact forces, Coulomb friction with slip -dependent coefficients, and energy 
dissipation through rock -ground scarring. A DEM resolution of 0.5 5H m is 
recommended for physically meaningful results.  

4.1 Overview  

 

The RAMMS:: Rockfall  model  utilizes a hard -contact, rigid -body approach to simulate 
rockfall trajectories in general three -dimensional terrain (Leine et al., 2013). The 
program is designed for use by hazard engineers to predict rockfall velocity and 
runout, supporting hazard mappin g and the planning of mitigation measures.  Terrain is 
represented using a high - resolution digital elevation model (DEM), which defines slope 
geometry and controls rock gHround interaction and trajectory development.  

The calculation engine  and user interface were developed as part of a joint research 
project between the WSL Institute for Snow and Avalanche Research (SLF) and the 
Institute of Mechanics at ETH Zurich between 2010 and 2013. RAMMS::Rockfall is the 
third RAMMS module, following RAMMS::Avalanche and RAMMS::Debrisflow, and 
offers many of the same user - friendly features. The model was officially released in 
April 2015 after a period of calibration and application testing.  

 

4.1.1 Modelling Approach  
 

Most rockfall models describe the complex interaction between rock and ground using 
simplified rebound mechanics (Bourrier et al. 2012; Dorren 2003; Dorren and 
Seijmonsbergen 2003; Schweizer 2015; Volkwein et al. 2011). In these approaches, 
rock geometries  are simplified (typically spheres or ellipsoids), and rock gHround 
interaction is parameterized using apparent restitution coefficients to represent 
bouncing behaviour.  

To account for the wide variation in jump distances and heights ᴶeven in 
homogeneous terrain (Glover 2015) ᴶstochastic methods are typically used to define 
ranges of restitution coefficients. As a result, traditional rockfall modelling is both 
quasi -determin istic and quasi -stochastic.  

In contrast, RAMMS::Rockfall  applies a hard -contact, rigid -body formulation in which 
contact forces are applied directly to the edges and corner points of the rock. This 
approach explicitly accounts for rock shape and orientation during impact and 
eliminates the need for stochastic r ebound parameters.  

An independent comparison with Flow -R and Rockyfor3D (Noël et al., 2023) confirmed 
that this approach provides superior trajectory prediction accuracy for site -specific 
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analyses in complex terrain. Simpler reach -based models remain more efficient for 
regional screening applications where high spatial detail is not required.  

. 

4.1.2  Rock -Ground Interaction and Motion Modes  
 

In RAMMS::Rockfall , rock gHround interaction is parameterized using frictional 
operators acting at the rock surface. Compared to rebound -based models, this allows 
a physically consistent representation of impact mechanics.  

The model reproduces the four primary modes of rock motion:  

¶ sliding  

¶ rolling  

¶ skipping  

¶ jumping  

 
Long and widespread runout is generally associated with the jumping  mode, whereas 
rock stopping requires a transition to rolling or sliding. Modelling all four modes is 
therefore essential for a realistic and self -consistent hazard analysis.  

Controlled real -scale experiments demonstrate that rock shape class ᴶnot mass ᴶis 
the primary determinant of trajectory variability  on intermediate to long slopes 
(Caviezel et al., 2021; Ringenbach et al., 2023). Platy rocks consistently travel farther 
and reach higher bounce heights than equant blocks of equivalent mass on identical 
terrain.  

In RAMMS, the variability of trajectories arises naturally from rock shape and impact 
orientation. The statistical spread of runout and dispersion is generated by varying 
initial conditions, rather than by randomizing ground parameters. Ground properties 
are deterministic and represented by assigned material types. This separation 
between stochastic initial conditions and deterministic boundary conditions simplifies 
the construction of engineering scenarios and improves interpretation of results.  

The model includes 13 default soil categories:  
Surface Soil , Subsoil , Alpine  Forest , Talus Vegetated , Talus Fine , Talus Coarse , 
Talus Bloc ks, Boulder Field , Mountain Road , Asphalt , Bedrock , River/ Swamp , Snow . 

 

4.1.3  Rock Shape and Geological Control  
 

Rock shape, size, and release mechanisms are governed by the geometry of 
discontinuities such as joints, fractures, bedding, contacts, asperities, and schistosity 
(Jaboyedoff, 2011). In RAMMS::Rockfall , defining representative rock shapes and 
release orientations is therefore an essential part of the analysis.  
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The rock body is modeled as a convex hull polyhedron , defined by a user -provided 
point cloud describing the surface geometry. Shapes may be idealized (equant, platy, 
columnar) or derived from laser -scanned field data. A key advantage of RAMMS is that 
real rock geometries obtained from laser scans can be dir ectly used, allowing users to 
develop libraries of representative rock shapes for different geological settings.  

The importance of selecting an appropriate shape class cannot be overstated. 
Misclassification ᴶfor example, using equant shapes where platy blocks dominate ᴶ
can lead to systematic underestimation of runout distance and lateral spread. Where 
uncertainty exis ts, it is recommended to run at least two shape scenarios and adopt 
the more conservative result for design.  

Typical relationships between geological setting and rock shape are summarized 
below.  

 

Figure 4-1: 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. Top right : 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).  

4.1.4  Rock Fragmentation Considerations  
 

At present, rocks in RAMMS::Rockfall  are assumed to be indestructible , meaning they 
do not fragment or change shape during simulation. This assumption is appropriate for 
competent lithologies such as granite, dense limestone, and massive sandstone.  

For friable or highly weathered materials ᴶincluding shale, weathered limestone, and 
strongly jointed rock ᴶfragmentation during transport is common. Because fragmented 
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pieces are smaller and dissipate energy more rapidly than intact blocks, the model may 
overestimate runout distance and impact energy in such cases.  

Where fragmentation is expected, it is advisable to simulate additional smaller 
representative fragment sizes alongside the initial block size.  

 

4.1.5  Rock Rotation and Contact Mechanics  
 

RAMMS::Rockfall  explicitly includes rock rotation during both airborne motion and 
ground interaction. The model accounts for gyroscopic forces, which are essential for 
reproducing wheel - like skipping and jumping behavior  associated with extreme runout.  

Rock orientation is tracked using quaternion algebra , enabling stable representation of 
complex rotational motion even when non - linear contact forces alter both translational 
and rotational movement. This approach allows the full mechanics of an impact to be 
simulated deterministically, including the comput ation of moment arms and torques 
governing the conversion of translational motion into angular momentum.  

As a result, rolling, sliding, skipping, and jumping are modelled consistently without 
reliance on empirical rebound parameters. The three -dimensional motion equations, 
including rotational effects, are presented in Section 4.3.  

 

4.1.6  Modelling Assumptions and Known Limitations  
 

The RAMMS::Rockfall  model is based on a number of simplifying assumptions  (Table 
4.1). These are appropriate for many engineering applications but must be understood 
when interpreting results and assessing applicability.  
 

Table 4 .1: Modelling assumptions and known limitations of RAMMS::Rockfall.  
Literature: General rockfall modelling; Noël 2023; Leine 2021; Lu 2019.  

Assumption  Practical consequence  Where important  

Rock is a rigid, 
indestructible body  

No fragmentation; runout may be 
overestimated for friable rock  

Shale, weathered 
limestone, strongly 
jointed rock  

Only convex rock shapes 
are supported  

Concave geometries represented 
as convex hulls; may affect drag 
torques  

Highly irregular, 
hollow, or concave 
blocks  

Terrain is fixed (no erosion 
or deposition)  

Pre-event DEM used; terrain 
changes during runout not 
captured  

Soft substrates; large 
impact scars  

Forest soil properties not 
modified by forest 
assignment  

Ground - level roughness from 
forest not fully represented  

Dense forest on soft 
ground  
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Tree destruction is binary 
(rigid cone, energy 
threshold)  

Transition near destruction 
threshold is uncertain  

Rocks near tree failure 
energy  

Gyroscopic forces derived 
from initial orientation  

Results may be sensitive to initial 
orientation  

Platy and elongated 
rocks  

Aerodynamic drag 
simplified  

Typically negligible; may affect 
very large, fast blocks  

Blocks >100 m³ at high 
velocity  

DEM resolution limits 
terrain representation  

Sub-grid roughness not resolved  Rough talus, irregular 
bedrock  

4.2  Modeling Rock Shape  

 

The choice of rock shape is one of the most consequential decisions in a 
RAMMS::Rockfall  simulation. Caviezel et al. (2021) demonstrate, using controlled real -
scale experiments, that shape class ᴶ not mass ᴶ is the primary determinant of 
trajectory variability on intermediate to long slopes. Platy rocks consistently travel 
farther and achieve  higher bounce heights than equant blocks of equivalent mass on 
the same terrain. Ringenbach et al. (2023) confirm this finding and show that the 
lateral spread of traj ectories also increases substantially for elongated and platy 
shapes.  

As a practical guide, the following shape classes are recommended based on the 
dominant geological setting  in Table 4.2. 

 

Table 4 .2: :  A practical guide to rock shape selection.  

Geological 
Setting  

Characteristic 
Joint Pattern  

Recommended 
Shape Class  

Notes  

Orthogonal 
jointing in 
sandstone / 
granite  

Three near -equal 
joint sets  

Equant / cubic  Symmetric bounce; 
mean runout 
representative  

Well -bedded 
limestone / slate  

Strong bedding 
planes, sparse 
cross - joints  

Platy  Long runout; simulate 
with platy shapes in 
Rock Builder  

Columnar 
jointing (basalt, 
some granites)  

Prismatic vertical 
columns  

Columnar / elongated  High gyroscopic spin; 
potential for extreme 
runout  

Highly 
fractured, 

Complex joint 
network  

Irregular equant (use 
laser- scanned shapes 
where possible)  

High variability; use 
multiple shapes  
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irregular 
masses  

Mixed lithology / 
variable 
exposure  

ᴶ Use multiple shapes; run 
separate scenarios  

Combine outputs in 
multi - scenario 
statistics  

 
Where uncertainty exists about the representative shape, we recommend running at 
least two shape scenarios (e.g. equant and platy) and reporting results from both. The 
more conservative result (typically the platy scenario) should be used for protection 
measure design.  

 

The RAMMS::Rockfall  model represents each rock as a rigid, indestructible body . 
This is appropriate for competent, massive rock types (granite, dense limestone, 
massive sandstone). For friable or highly weathered lithologies (shale, weathered 
limestone, strongly jointed rock), fragmentation during transport is common . 
Fragmented pieces are smaller and lose energy more quickly than the original block, so 
RAMMS may overestimate runout and impact energy in these cases. Where 
fragmentation is likely, consider s imulating smaller representative fragment sizes in 
addition to the initial block size.  

Rock bodies are introduced into the simulation domain coordinate frame with origin ( ὕ) 
as a cloud of points based in a coordinate system of their own with origin ( ╚).  The 
coordinate frame ( ὑ) 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 4-2 and Figure 4-3). A convex hull of the rock -ɽͅʐІᵋαẨ
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 homogeneo us. Finally, the inertial tens or of  
the  body is calculated  finding  the  three  principal  moments  of  inertia;  the  origin  is 
the  roʄ̉ᵋα gravi ty center  (Ὓ). The translations  of  the  rock-bo dy in the  simulation  
domain  are map ped using  coordinate  frame  S in relation  to  ὕ (Figure 4-3). The  
roʄ̉ᵋα mass ά is given  from  its volume  calculated from  the convex hull  of  the point 
cloud  and a densi ty ” which is  user defined  (typically  2700  kg mᵶ3 ). The  rock has 
three translational (line ar momentum) and  three  rotational degrees  of  freedom  (spin)  
to  descri be the  rocks  mass center  position  ή ὢȟὣȟὤ at any time  ὸ in the  terrain  
coordinate  frame  O. Rotational  motions  capture  the  orientation  of  the  roʄ̉ᵋα 
external  geometry  in space. At  time ὸ π the  rock is released  from  position ή
ὢȟὣȟὤ , which,  of  course,  must  be located  some distance  above  the  terrain, ὤ
ὤ , and thus  the  release  height  Ὤ is ὤ ὤ . 
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Figure 4-2: 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 -bo dy.  

 

 
Figure 4-3: Rock  is  generated  from  a point  cloud  and  converted  into  a rigid -body 

polyhedral.  

 

Rock geometry is represented  by a convex hull of the rock -ɽͅʐІᵋαẨΆͅ˥̵σẨʄ̑ͅϓʐ. 
The shape strongly influences rotational behavior  and rebound angles. For 
calibration, measure the three principal axes of representative blocks in the field.  

4.3  Equation of Motion and Free Flight  

 

The general equation of motion for a rock is  

╜ό ▐ήȟό ╦ ήⱦ ( 4.1 ) 

where  ╜ is the  constant  and diagonal  mass matrix  (containing  the  mass and three  
moments of inertia I) and ό is the second derivative of the generalized coordinate 
vector ή (position ὶ  and orientation ὴ ): 

ό
‬

‬ὸ
 
ὶ
ὴ

 
( 4.2 ) 

The force term ▐ήȟό contains all gyroscopic terms and finite external forces, such as 
viscous drag forces, gyroscopic forces, and gravity. The right -hand side of equation ( 



RAMMS::Rockfall -  User Manual  

RAMMS AG -  31 

4.1 ) consists of the so -called matrix of generalized force directions ╦ ή and a vector  
ⱦ 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.  

 

During free flight, only gravity and aerodynamic drag act on the rock. The 
rotational state (spin) acquired during the previous impact phase is preserved and 
influences the next terrain interaction. Gyroscopic effects become relevant for 
fast -spinning or e longated blocks.  

 

4.4  Free Flight Motion with Gravity and Gyroscopic Forces  

In free  flight,  the contact forces ⱦ are zero. The  governing equation  of  motion  is 
therefore reduced to (see Leine et  al., 2013)  

╜ό ▐ήȟό π ( 4.3 ) 

The rock-boʐІᵋα motion  is governed  by several  forces which  determine  its  traject ory. 
The gravitational  force (Ὂ) acts  globally along with  gyroscopic  forces  Ὃ which  can 
cause rocks  of  irregul ar shape to  become  upright  and rotate a bout  a rolling  axis. All 
force  terms  ▐ήȟό are a function  of  the  roʄ̉ᵋα position  ή and velocity ό forming  the  
force  vect or ▐ήȟό:  

▐ήȟό
Ὂ

Ὃ
 ( 4.4 ) 

Gyroscopic forces can cause lateral drift of elongated rocks in free flight, 
particularly at high rotational velocities. This effect is typically small for compact, 
rounded blocks but can be significant for platy or rod -shaped fragments on steep 
slopes.  
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4.5  Terrain Interaction Phases  

To simulate rock -ground interaction, the terrain is divided into a plastic, deformable 
scarring layer and a non -ʐʢ˃ͅΒ̮ȶɽ̑ʢᵜẨ˒ȶΒʐẨʄ̵ͅσȶʄσẨᵏα̑˥ΆΆȶˈʢᵐẨΆ̑ȶ̵ʢᵝẨ^ͅσ˒Ẩσ˒ʢẨαʄȶΒΒ˥̵ˈẨ
layer and the rebound plane are located below the digital elevation model. The 
inte raction between rock and terrain can be summarized in four characteristic phases.  

 

 
Figure 4-4 : The four characteristic phases during the interaction between a rock and 

compactible soil.  

 

¶ 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 4.3 ). 

¶ Scarring Phase: The rock penetrates the soil. Additional viscous drag 
forces are acting on the rock due to soil compaction. Soil density 
continuously increases. Physics  during this phase is described in chapter 
4.6 . 

¶ Sliding Phase: The soil cannot be compacted any further by the rock. The 
compacted soil acts as an infinitely hard frictional plane. We model this 
phase with a hard -contact approach, which is described in chapter 4.7. 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.  

¶ 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.  
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4.6  Energy dissipation due to rock -ground scarring  

 

4.6.1  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. T he 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 coefficie nt C d, which is 
equivalent in form to drag defined in fluid dynamics:  

Ὂ ὸ
ρ

ς
 ὅ ” ὃὸ ȿὺ ὸȿ  

( 4.5 ) 

Where ὃὸ  is the cross -sectional area of the penetration scar at time t, ” is the soil 
density and ὺ ὸ is the translational velocity of the rock at time ὸ. This viscous drag 
force Ὂ ὸ acts on the center of mass of the rock in opposite direction to the velocity 
vector, see Figure below.  

 
Figure 4-5: Viscous drag force ╕╣◄ acting against  

translational velocity vector ○╣◄. 

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

 

4.6.2  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 Ὂ and torques † 
referring to Figure 4-6a are: 
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Ὂ ὸ
ρ

ς
 ὅ ” ὃ ὸ ȿὠ ὸȿ  

( 4.6 ) 

† Ὂ Ὠ ( 4.7 ) 

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 ὃ  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 Ὂ  and torques † referring to Figure 4-6b are:  

Ὂ ὸ
ρ

ς
 ὅ ” ὃ ὸ ȿὠ ὸȿ  

( 4.8 ) 

† Ὂ Ὠ ( 4.9 ) 

The rotational drag torque always acts on the center of mass of the rock and against 
the rotational velocity vector.   

 
Figure 4-6: Two types of drag torques acting on the rock during scarring. ▼╡ is the center of 

mass of the rock. ▼║ is the center of mass of the submerged part of the rock.   

 

4.6.3  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 plane (see chapter 4.7). The rock has 
reached the maximum scar depth. This scar depth is a function of the compressibility 
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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:  

Ὠ πȢρφ ὓ Ȣ ὓ Ȣ ȿὠȿ
Ȣ

 ( 4.10 ) 

Where Ὠ  is the maximum scar depth [m], ὓ  is the mass of the rock [kg], ὓ  is the 
mechanical strength of the soil [kPa] and ὠ is the terrain perpendicular component of 
rock velocity [m/s] right before it touches the terrain.  

4.7  Hard Contact and Slippage  

4.7.1  Contact forces  
 

On contact detection  betw een the  rock-bo dy  and the  rebound plane,  contact f orces  
ӎ and frictional contact  forces  (Fc) 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-bo dy is detected  by continually  measuring  the  vertical  
gap length Ὣ  betw een the  rock-boʐІᵋα corner  points  (P) and the  Βʢɽͅϓ̵ʐẨΆ̑ȶ̵ʢᵋα 
projections  (Q) (Figure 4-7). The gap length  is defined  as 

Ὣ ὢȟὣȟὤ ὤ ὤ ὢ Ȣȟὣ  ( 4.11 ) 

Then, when Ὣ π, there is no contact and the contact forces ‗ 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  

╜ό ▐ήȟό ‗ὡή ( 4.12 ) 

where  the  direction  of  the  contact f orces  is given  by ὡ ή. There  can be several  
active contact  forces  depending  on the  rock-boʐІᵋα configuration  at the  point  of  
contact. Ultimately it  is the  combination  of  these  forces  ‗ (and force  directions  
ὡ ή) that all ows the  complex rotations  and traject ory deviations  that are inherent  
to  rockfall  to  be simulated.  
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Figure 4-7: Contact detection. Definition of gap length, ▌╝. 

 

The advantage  of  this  hard-contact  rigid -bo dy  approach  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  ὗȟὖ 
within  the  contact frame ὅ = ὲȟὸρȟὸς  which  is attached to  the  terrain  surface  at 
contact point  ὗ (Figure 4-8). 

 

4.7.2  Friction forces  
 

The contact  frame  ὅ has a normal contact  force  component  ‗   and two tangential  
components ‗ , ‗ . The contact  force  ‗   guarantees  the unilaterali ty of  the 
contact,  i.e., the  non-penetration  constraint.  The tangential  force  com ponents  are 
due to  Coulomb friction  and are governed  by the  contact  laws.  
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Figure 4-8: Contact frame  ╒ at point ╠ detected with the gap function ▌╝. 

 
The normal force  component  ‗  is resolved  with  a contact  cone  differential  inclusion,  
in which the  transient n ormal force  vect or 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  Ὣ . 

The tangential  force  component  ‗ is assumed  to  obey spatial  fͅϓ̮̑ͅɽᵋα friction  law 
(see Figure 4-9). Stiction of  the  contact ‎Ὕ = 0 occurs  as long  as the  magnitude  of  
the  tangential f orce  ᴁὯ‗Ὕᴁ is less than  ‘‗ , in which  ‗   is the  applied  normal force and  
‘ the  friction  coefficient.  The direction is  also resolved  with  a normal cone  inclusion  
projecting  a friction  disc  on to  the  surface  (Figure 4-9). The formulation  covers  both  
sticking  and sliding  cases. 

 

4.7.3  Impulsive forces (Rebound)  
 

Impulsive contact forces occur whenever the gap function detects contact with 
negative velocity ‎  πȟ 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 ‎  π. 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 ‐ὔ the normal restitution 
coefficient. ‐ ρ corresponds to complete restitution of normal velocity while a 
smaller ‐ ʐ˥αα˥ΆȶσʢαẨʢ̵ʢΒˈІᵝẨǗ˒˥αẨϴȶ̑ϓʢẨ˥αẨαʢσẨσͅẨНʢΒͅᵝẨũʢϸσ̵ͅᵋαẨȶʄσ˥̵ͅ- reaction law is 
always fulfilled.  
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Figure 4-9: Friction forces at the contact point.  

 

‎ ‐‎ π ( 4.13 ) 

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

To determine  the  resultant f orce  direction  acting  on the  rock-bo dy the  configuration  
of  the impact must be computed.  This requires  finding  the relative  velocity betw een 
the contact points  ὖ and the  terrain ὗ. Importantl y, the  velocity of  contact point  ὖ is 
composed  of  the translational  velocity with  respect  to  the  boʐІᵋα center  of mass  and 
its  angular velocity in the  fixed  bo dy frame  (ὑ); for which  ὖ also has a fixed  position  
vect or relative  to  the  center of  mass Ὓ. That  is, the  contact  algorithm  in the  rigid -
bo dy 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 bo dy  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.  

 

4.7.4  Contact Friction  
 

Two different physical  forces oppose the motion of a falling rock: sliding friction and 
ʐΒȶˈᵝẨǉ̑˥ʐ˥̵ˈẨ˃Β˥ʄσ˥̵ͅẨȶʄσαẨȶσẨΆͅ˥̵σαẨͅ˃Ẩσ˒ʢẨΒͅʄ̉ᵋαẨαϓΒ˃ȶʄʢẨσ˒ȶσẨȶΒʢẨ˥̵Ẩʄ̵ͅσȶʄσẨϸ˥σ˒Ẩσ˒ʢẨ
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. 
ßͅϸʢϴʢΒᵜẨɽʢʄȶϓαʢẨσ˒˥αẨ˃Β˥ʄσ˥̵ͅẨȶʄσαẨ̵ͅẨȶẨΆͅ˥̵σẨ̵ͅẨσ˒ʢẨΒͅʄ̉ᵋαẨαϓΒ˃ȶʄʢᵜẨ˥σẨϸ˥̑̑Ẩˈʢ̵ʢΒȶσʢẨ
torques that initiate  rotational movements. The parameterization of the fric tion 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 
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4.6 . 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.  

 

4.7.5  Coulomb Friction and Slippage  
 

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

 
Figure 4-10: Rock impact scar in soft soil, tapering and widening toward an earth 

accumulation at the distal end, where a ramp forms; modeled as increasing (climbing) 
friction from first contact ( ▼ = 0) to the scar end.  

 

 
Figure 4-11:   Sliding friction on the rebound plane in RAMMS follows a slip -dependent 

law: at impact ( ▼ = 0), friction is Ⱨ□░▪; it increases with slip ( ⱥ) to Ⱨ□╪●, then decays 
exponentially ( ♫) as the rock leaves the scar.  
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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-
bo dy as it  slides  on the rebound plane  (Figure 4-10 and Figure 4-11). The slip  
dependent  friction  is an extension  of  the  Coulomb  friction  model  in which  the  friction 
value  ‘ is made  dependent  on the  slip distance  (ί) travelled  by the  center  of  mass 
‘ί (Figure 4-11). 

Moreover , 

‗ ‘ί‗  ( 4.14 ) 

force  ‗  enforces  the  non-penetrabili ty constraint;  the  force  ‗ acts  tangentially  on 
the  terrain  surface  (see Figure 4-9). The  dependence  of  the  friction  coefficient  on the  
slip  distance (ί) is:  

‘ί ‘
ς

ʌ
 ‘ ‘  ÔÁÎ‖ ί 

( 4.15 ) 

where  ‘ , ‘  and ‖ are parameters  of  the  friction  model.  The initial  friction  
encountered at the  contact where  ί = 0 is ‘ . Over the  slip  period, ‘ί tends  
toward ‘  for large  slip values,  see Figure 4-11. The parameter  ↕ controls  how 
quickly  the  friction  increases  from  ‘  to  ‘ . Typically,  ‘  < ‘  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  behavi or 
(‘  > ‘ ) is encountered.  

The slip  distance  (ί) is a transition state v ariable  having  a time  evolution  which  is 
descri bed by a simple differential equation:  

ί
ᴁὺᴁ

‍ί
 

Ὥ˃ ẨὫ π
Ὣ π

 
( 4.16 ) 

The parameter ‍ controls  how quickly  the  friction  is released  as the  rock dep arts  
the  ground scar. If ‍ is large,  friction  is immediately  removed  as the  rock moves  
away from  the  rebound plane . Conversely,  when  ‍ is small,  sliding  friction  can act,  
even  after  the  rock is no longer  in contact with  the rebound plane . 
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4.8  Terrain/Soil Material  

The soil material  has considerable influence on the simulation result. Shapefiles are 
used to delimit terrain areas with specific soil materials. The main predefined soil 
categories are described below.   

 

Surface Soil  

Category  Picture  Description  Example  

Surface Soil  

 

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

Meadow/ 
grassland  

 

 

Subsoil  

Category  Picture  Description  Example  

Subsoil  

 

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  

Category  Picture  Description  Example  

Alpine 
Spruce/Beech 
Forest  

 

Forest soil, 
calibrated from 
rockfall tests in 
forests in Schiers, 
Switzerland  

Forest  

 

 

Vegetated Talus  

Category  Picture  Description  Example  

Vegetated 
Talus  

 

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

Vegetated 
talus scree  
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Talus Fine  

Category  Picture  Description  Example  

Talus Fine  

 

Rocks jump over 
ground.  Mostly 
small rocks. 
Usually without 
any vegetation. 
Q95 grain size <= 
5cm, median 
grain <= 2cm  

Rock scree, 
pebble 
sediments  

 

 

 

 

Talus Coarse  

Category  Picture  Description  Example  

Talus Coarse  

 

Rocks jump over 
ground.  Mixture 
of large and small 
rocks. Usually 
without any 
vegetation. Q95 
grain size <= 20 
cm, median grain 
<= 10 cm.  

Rock scree, 
pebble, 
coarse rock, 
paved roads  
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Talus Blocks  

Category  Picture  Description  Example  

Talus Coarse  

 

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

Large rocks  

 

 

 

Boulder Field  

Category  Picture  Description  Example  

Boulder Field  

 

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

Rocks and 
boulders  
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Bedrock  

Category  Picture  Description  Example  

Bedrock  

 

Ground is very 
hard and is 
marginally 
deformed by 
rocks. No 
vegetation and no 
surface soil.  

Bedrock, cliff  

 

 

 

 

 

 

River/Swamp  

Category  Picture  Description  Example  

River/Swamp  

 

River or very 
wet ground. 
Cannot cross 
without deep 
sink- in. No high 
vegetation. 
Ƽͅʄ̉ᵋαẨασͅΆẨ
immediately. 
Does not 
correspond to 
σ˒ʢẨᵐ|ЁσΒȶẨǉͅ˃σᵐẨ
from Version 
1.7.65.  

Moor, turf, 
swamp, river  
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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:  

Scarring  properties (see chapter 4.6 ): 

¶ Soil strength ╜╔ 

¶ Drag coefficient ╒▀ 

 
The hard contact properties described in section 4.7 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 4 .3: Hard contact properties for all soil types used in the coulomb   
friction model (see equations ( 4 .13 ), ( 4 .15 ) and ( 4 .16 )).  

Ⱨ□░▪ Ⱨ□╪● ♫ ⱥ  ꜗ

0.55  2 185 3 0 

 

Soil material is assigned through shapefiles defining ground categories across the 
simulation domain. Each category requires ME-  (soil strength) and Cd -values 
(drag coefficient) . Use the RAMMS default parameter tables as a starting point, 
then calibrate against local observations.  

  

4.8.1  Soil Strength  ╜╔ 
 

The soil strength ὓ  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 ὓ  is therefore N/m 2 or Pa. Other terms for 
ὓ  are Oedometer modulus or compressibility modulus (in German: Steife -
/Zusammendrückungsmodul). In the RAMMS::Rockfall  model, M E 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 4.6 , equation 
4.17: 

Ὠ πȢρφ ὓ Ȣ ὓ Ȣ ȿὠȿ
Ȣ

 ( 4.17 ) 

The higher the ὓ  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 ὓ  value.  



RAMMS::Rockfall -  User Manual  

RAMMS AG -  47 

 

Figure 4-12: Changing ╜╔ influences the scar depth (and thus the runout) of rocks.  

 
The ὓ  value in RAMMS::Rockfall  is closely related to the ὓ  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 mech ȶ̵˥ʄᵋαẨ
practice. We strongly advise to use our recommended and calibrated standard 
parameters as a first approach, 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.  

See example scar depths from rock -sizes, ME-values and velocities  below  (Figure 
4-13, Figure 4-14 and Figure 4-15). 

 

Figure 4-13: Scar -depths for a 0.5m 3 rock  
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Figure 4-14: Scar -depths for a 1m3 rock  

 

 
Figure 4-15: Scar -depths for a 5m3 rock  

  



RAMMS::Rockfall -  User Manual  

RAMMS AG -  49  

4.8.2  Drag Coefficient ╒▀ 
 

The drag coefficient influences the viscous drag force that the rock experiences during 
soil interaction (see chapter 4.6 ): 

Ὂ ὸ
ρ

ς
 ὅ ” ὃὸ ȿὺὸȿ  

( 4.18 ) 

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

 
Figure 4-16: Changing ╒▀ 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 behavior  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. RAMMS::Rockfall  offers various default soil categories which are 
calibrated with real -scale experiments:  
 

Table 4 .4 : Scarring properties of all default soil types.   

Category  ╜╔ [MPa]  ╒▀ [ - ]  

River / Swamp  0.2 1000 

Surface Soil  3 1.55 

Subsoil  4 1.8 
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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 3.5  

Boulder Field  20  3.5  

Mountain Road  50  2 

Asphalt  75 2 

Bedrock  100 4 

Snow  0.1 1 

 

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

In previous versions of RAMMS:: Rockfall , we suggested changing the ground 
categories depending on the rock size, to consider the additional energy dissipation 
when a large rock scars, compared to the scarring of a small rock. With the new 
scarring model, this is now not necessary anymore becaus e the scar depth is 
automatically determined from the rock mass, velocity, and soil strength (see equation 
( 4.18 ). A larger rock will therefore automatically scar deeper and thus lose more 
energy.  

 

4.8.4  Calibrating the ground parameters  
 

The default soil parameters in Table 4.4 provide a reliable starting point for sites where 
no local observational data are available. In practice, however, site -specific calibration 
against documented field evidence substantially improves the reliability of 
RAMMS::Rockfall  predictions. This section describes a structured calibration workflow 
applicable when one or more historical events can be used as reference.  
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Step 1: Collect field evidence  

Before adjusting any parameters, compile all available field observations at the 
calibration site. The following types of evidence are most useful for calibrating 
RAMMS::Rockfall : 

¶ Deposition points: GPS-surveyed endpoints of observed blocks, or mapped 
deposit clusters. These constrain the maximum runout distance of the 
reference event.  

¶ Bounce height indicators: Height of tree scars, bark abrasion marks, or 
impact marks on vertical surfaces (cliff faces, building walls). These directly 
constrain the jump height output.  

¶ Scar morphology: Length and depth of impact craters on soft terrain. 
These calibrate the ╜╔  parameter via equation (4.20).  

¶ Lateral spread: The observed width of the affected corridor, which 
constrains release configuration and terrain channelling.  

 
Where field evidence is absent, silent witnesses (absence of documented events on a 
well -monitored slope) provide a negative constraint: the model should not substantially 
exceed the observed maximum extent.  

 

Step 2: Run an initial simulation with default parameters  

Configure the release zone, select the rock shape most representative of the observed 
block (see  section  4.2 ), and run an initial simulation using the default soil parameters for 
the dominant terrain type. Use at least 50 1H00 trajectories per release point for this first 
pass. 

 

Step 3: Compare modelled vs. observed runout  

Extract the simulated deposition point distribution ( ǉσȶσ˥ασ˥ʄαẨỄẨũΒẨͅ˃ẨqʢΆͅα˥σʢʐẨƼͅʄ̉α 
or the trajectory endpoints file). Compare the 50 th and 95 th percentile runout distances 
against the observed deposition extent.  

¶ If the simulated 50 th percentile runout substantially exceeds observed 
deposition: the model is over -predicting. Decrease  ╜╔  (softer  ᾳ˥̑ẨỄẨ
deeper  scars) or increase ╒▀ (more drag). Check also whether the rock 
shape is appropriate.  

¶ If the simulated 50 th percentile runout substantially falls short of 
observed deposition: the model is under -predicting. Increase  ╜╔  (harder 
ᾳ˥̑ẨỄẨα˒ȶ̑̑ͅϸʢΒẨαʄȶΒαᴝẨor ╒▀, or re -evaluate the rock shape and release 
configuration.  

 
In practice, the 50 th percentile runout distance of the observed deposits is a useful 
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calibration target for the "typical" trajectory, while the 95 th percentile of the simulation 
should envelop the maximum observed extent but should not greatly exceed it.  

 

Step 4: Compare modelled vs. observed bounce heights  

If bounce height data (tree scars, field marks) are available, extract jump height profiles 
along the slope from the Line Profile tool ( |ЁσΒȶαẨỄẨƴΒͅ˃˥̑ʢẨỄẨqΒȶϸẨŖ˥̵ʢẨƴΒͅ˃˥̑ʢ). 
Compare modelled Q50 jump heights at the locations of observed marks against the 
recorded heights.  

¶ Jump heights controlled primarily by ╒▀ (drag): high ╒▀ damps bounce; 
low ╒▀ produces higher rebounds.  

¶ Jump heights also controlled by rock shape: equant blocks generally 
produce more regular bouncing than platy blocks.  

¶ If jump heights are consistently too low, reduce ╒▀; if consistently too 
high, increase ╒▀ or switch to a rounder shape.  

 
Note that jump height and runout cannot always be simultaneously matched with a 
single parameter set ᴶ this indicates a limitation of the model for the specific event, 
which should be documented.  

 

Step 5: Compare modelled scar dimensions  

If scar data are available, compare the modelled scar depth output (available in 
Statistics Mode: scar depth map) against observed crater depths in the field. The scar 
depth is primarily controlled by ὓ . Field scar depths provide an independent, often 
under -utilised constraint on ὓ   that is more direct than runout calibration alone (see 
Lu et al., 2019).  

 

Step 6: Iterate and document  

Adjust one parameter at a time and re - run the simulation. Document all parameter 
changes and the evidence used to justify each change. If the simulation requires 
parameters substantially outside the default ranges in  Table 4.4, this should be noted 
in the project documentation as a site -specific finding and the reason should be 
geologically justified.  

Table 4 .5:  Strategies for model calibration.  

Observation  Possible Cause  Adjustment  

Runout too long  ὓ  too high  (soil too hard ) or ὅ 
too low  

Decrease  ὓ  and/or ὅ 

Runout too short  ὓ  too low  (soil too soft ) or ὅ 
too high  

Increase  ὓ  and/or ὅ 
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Jump heights too 
high  

ὅ too low  Increase ὅ 

Jump heights too 
low  

ὅ too high or rock shape too 
round  

Decrease ὅ or use a more angular 
shape  

Scars too deep  ὓ  too low  Increase ὓ  

Scars too shallow  ὓ  too high  Decrease ὓ  

Poor lateral spread  Wrong rock shape or terrain 
mismatch  

Revise shape or DEM  

 

The model assumes rocks are indestructible.  

¶ If the calibration event involved significant fragmentation of blocks 
during transport, RAMMS::Rockfall will tend to over -predict runout (since 
the fragmented pieces are smaller and lose energy faster in reality).  

4.9  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 individua l 
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 tree  height. 
The tree height depends on the DBH and follows the following empirical relationship o f 
L. Dorren:  

Ὄ  ά ὈὄὌ ὧάȢ ( 4.19 ) 

 

Figure 4-17: Modelled forest in RAMMS:: ROCKFALL with a tree density  
and a Gaussian distribution of DBH.  
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RAMMS::Rockfall  provides three default forest types with the following parameters:  

 

Table 4 .6: Default forest types in RAMMS::Rockfall.  

Forest Type  Tree Density [ha -1]  BHD [cm]  

Ⱨ  

Open Forest  200  25 5 

Medium Forest  400  28 7 

Dense Forest  600  30  9 

 

4.9.1  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 4.7. Additionally, 
each individual tree is automatically assigned a kinetic energy threshold depending on 
the DBH (Dorren, 2006):  

Ὁ ȟ  ὐ σψȢχẗ ὈὄὌ ὧάȢ  ( 4.20  ) 

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 ( 4.20 ). 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 ( Ὕ = 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 Ὁ ȟ  and ὝϽὉ ȟ ȟ the tree is destroyed but the 

rock will still be deflected by the tree. If the rock energy exceeds ὝϽὉ ȟ ȟ the 
tree will have no influence on the rock (see table below).  
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Table 4 .7: Interaction properties between rock and tree for different rock energies. A 
transition - factor ╣█ = 2.0 is used.  

Rock Energy  Tree destruction  Rock deflection  

Ὁ Ὁ ȟ  No Yes 

Ὁ ȟ Ὁ ὝẗὉ ȟ  Yes Yes 

Ὁ ὝẗὉ ȟ  Yes No 

 

4.9.2  Lateral Hits and Scratches  
 

RAMMS::Rockfall  calculates the eccentricity of the collision between rock and tree. 
The collision eccentricity ὅ  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. ὅ  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 Ὕ for ὅ  > 0.67 gradually from 2 to 10. 
This will prevent trees to be completely destroyed (and thus the rock is still  being 
deflected), as the rock only scratches the tree with a high kinetic energy.  

The effectiveness of forest braking in RAMMS::Rockfall  depends on the likelihood that 
a rock makes direct contact with a tree stem. For equant blocks with high kinetic 
energy, impacts with trees are common and well - represented by the model. For platy 
or elongated blocks, trajectories may be more channelled an d blocks may pass 
through forested areas with fewer direct tree contacts. Lu et al. (2021) and Ringenbach 
et al. (2025) demonstrate that forest protection efficiency is shape -dependent and can 
be substantially lower for flat blocks than equant blocks of th e same mass. This effect 
is not fully captured by the current model. For critical assessments in forested terrain 
involving potentially flat -shaped blocks, the model's estimate of forest braking should 
be treated as an upper bound.  

 

Important limitation ᴶ forest shapefiles do not modify soil parameters  

When a forest shapefile is assigned in RAMMS::Rockfall , the model generates 
individual trees within that polygon and computes rock tHree interactions as described 
above. However, the soil material parameters (ὓ   and Cd) within the forest 
shapefile are NOT automatically modified.  If no soil shapefile is specifically assigned 
to the forest polygon, the global soil type applies unchanged.  

In reality, forested terrain typically has a rougher surface and a more compressible 
topsoil layer than open grassland or talus.  This additional dissipation ᴶ from root 
networks, organic litter, and irregular micro - topography ᴶ is not captured by the tree -
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contact model alone. For dense forests on soft substrates, the model may therefore 
underestimate total energy dissipation.  

Recommended practice:  

¶ In forested terrain on soft soils (e.g. surface soil, subsoil), consider 
assigning a dedicated soil category to the forest polygon that reflects the 
softer, rougher character of forested ground, in addition to the forest 
parameters.  

¶ A combined approach using "Alpine Spruce/Beech Forest" soil type 
within a forest shapefile provides a more conservative and physically 
consistent representation.  

 

4.10  Terrain Model  

The RAMMS:: Rockfall  model simulates  the  traject ories of  falling r ocks  in three -
dimensional terrain  using  a high - resolution  digital  elevation  model.  The terrain  
coordinate  system  is taken as the  simulation  frame  O. Terrain  elevation  Zm is 
specified  for each coordinate  pair  (Xm, Ym), for which four  coordinate  pairs  define 
the  vertices  of  planes  constructing  the  tessellated terrain  surface  (Figure 4-18). The 
planes are flat,  while  their  orientation  is different  because  the Zm-  elevation  of each  
coordinate  pair  can differ.  The distance  betw een coordinates  (Xm, Ym) defines  the  
model  terrain  resolution  and theref ore the  accuracy  with  which  the  terrain  
morphology  is represented. Typicall y, a resolution  betw een 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.  
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Figure 4-18: 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 -bo dy  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 m 3). 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.  

The DEM is the single most important input for RAMMS. A resolution of 0.5 5H m is 
recommended; coarser DEMs may miss critical terrain features such as cliffs, 
benches, and gullies that strongly control trajectory paths. Always visually inspect 
the loaded DEM before running simulations.  
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5  Setting -Up a Simulation  
 

A complete RAMMS::Rockfall setup requires: a georeferenced DEM, defined release zones 
with rock shape and size parameters, assigned ground categories with soil strength and 
drag  coefficients, and optionally forest and barrier objects. Always validate simulation 
results against field observations ᴶ runout and energy should match observed deposits.  

5.1 Getting Started  

To successfully  start  a new  RAMMS project,  a few  important preparations are 
necess ary. Topographic input  data  (DEM in ASCII-  or GEOTIFF- format),  project  
bound ary coordinates  and georeferenced  maps or remote sensing imagery  should  be 
prepared  in advance  (.tif  format  and .tfw - file, maps  and imagery  are not  mandat ory, 
but  nice  to  have).  Georeferenced  datasets  must  be in the same  Cartesian 
coordinate  system  ᴜʢᵝˈᵝᵜẨǣǗšᵜẨǉϸ˥ααẨfßףןתנẨŖȃףןᵜẨᵞᴝẨȶαẨσ˒ʢẨq|šᵝẨPolar coordinate  
systems in degree  (e.g., WGS84 Longitude Latitude)  are  not  sup ported . For more 
information  about specific  national  coordinate  systems  please contact  the  national  
topographic  agency  in your countr y. 

5.1.1 Topographic data -  Digital Elevation Model (DEM)  
 

Topographic  data  is the  most  important  input  requirement. H ow 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 0.5 -5 m  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 m ay 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:  

¶ ESRI ASCII grid (Figure 5-1) 

¶ GEOTIFF  

¶ ASCII XYZ single space data (Figure 5-2) 

 
The header of an ESRI ASCII grid must contain the information shown in Figure 5-1. 
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ASCII XYZ data (regular and irregular) can be converted within RAMMS into an ASCII or 
GEOTIFF grid. A wizard will guide you through the conversion process, see below. The 
following interpolation methods are available: LINEAR or INVERSE DISTANCE.  The 
conversion process is illustrated in Figure 5-3 -  Figure 5-5. 

 

 

 
Figure 5- 3: Convert XYZ to raster process, step 1 of 3. Choose 

from which line number to start.  

 

Figure 5-1: Example ESRI ASCII grid.  Figure 5-2: Example ASCII XYZ 
single space data.  
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Figure 5- 4 : Convert XYZ to raster process, step 2 of 3. Choose 

nr of fields per line and delimiter to use  
(white space, comma, etc.)  

 

 
Figure 5-5: 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:  
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Figure 5-6: Grid resolution suggestion  

 

 

Figure 5-7: Select interpolation method  

 

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 5.20 on page 
68 . 
 

5.1.2  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  scen ario,  a calculation  can be executed.  A 
project  consists theref ore of  different  scenarios  (input  files)  with  different  input  
parameter  files (release  and friction files). The  basic  topographic  input  data is  the  
same for every  scenario. If  you want to  change  the  topographic  input  data (e.g., 
change  the  DEM resolution  or the  project bound ary coordinates) you must  create  a 
new  project. Other  input  parameters (li ke rock sha pe, surface  information,  end time,  
time  step  etc.)  can be changed  for every  scenario . 
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Figure 5-8: The  same  project  extent  (area  of interest) can  be 
used  to  calculate  different scen arios  with  different  input  

parameters.  

 

5.1.3  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  Ễ Preferences  to  open the  RAMMS preferences  window or click the button 

. 

 
For resetting the general preferences use Help  Ễ ʐϴȶ̵ʄʢʐᵞẨỄẨReset General 
Preferences . 

 

 

  

 

Figure 5-9: General tab of  RAMMS 
preferences.  

 

Figure 5-10: Rockfall tab of 
RAMMS preferences.  
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General Tab  

Setting  Purpose  

Working Directory  Set your working directory.  

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 10 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.  

 

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 5.1: Working directory  

 

Choosing the right working directory is very useful and saves a lot of time searching for 
files and folders.  
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¶ Click  (or use Track  Ễ Preference s or  Ctrl+P ) to  open the RAMMS 
preferences  wind ow. 

¶ Click  into  the  field  Working  direct ory . A wind ow pops up where  you can choose 
your new  working  direct ory. Click  OK in both  wind ows. Do this also for other 
directories if necessary.  

 

 
Figure 5-11: RAMMS preferences  

 
Figure 5-12: Browse for the folder.  

  

 

5.1.1 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 or the menu Help Ą 
ʐϴȶ̵ʄʢʐᵞẨĄ ʐʐ˥σ˥̵ͅȶ̑ẨƴΒʢ˃ʢΒʢ̵ʄʢαᵞẨĄ Edit  to open the Additional Preferences in 

a text editor, see Figure below.  

 

 
Figure 5-13: Additional preferences button in the 

vertical toolbar on the left  
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Figure 5-14:  Additional  preferences file.  

 

Details about above parameters and some more are listed below:  

 

Table 5.1: List of additional preferences  

Parameters  Details  

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 
Βʢᾳ̑ϓσ˥̵ͅᵝẨqʢ˃ȶϓ̑σẨϴȶ̑ϓʢẨ˥αẨןץᵋןןןᵝ 
 

COLORTABLENR Change the default colortable used in RAMMS. 
Available colortables are listed below, or can be 
visualized with Help Ą ʐϴȶ̵ʄʢʐᵞẨĄ f̑ͅͅΒǗȶɽ̑ʢαᵞẨĄ 
View Available ColorTables. Default value is 34 
(Rainbow).  
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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 recogniz ed 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 
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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)  
 

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 20.  

 

 

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

 

 

OUTPUT_GRID_FORMAT   GEOTIFF or ASCII 

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 0. Default value is 1. Possible symbols are:  

¶ 1: Plus sign (+)  
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¶ 2: Asterisk (*)  
¶ 3: Period (.)  
¶ 4: Diamond  
¶ 5: Triangle  
¶ 6: Square  
¶ 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.  

RDP_EPSILON Tolerance (in meters) used by the Ramer DHouglasᴴ
Peucker line/polygon simplification: larger values  
simplify more (fewer vertices),  smaller values  keep 
the original geometry more closely. Default = 0.1m.  

PLANE_TOL Geometric tolerance used when testing whether a 
point lies on (or very near) an obstacle/terrain facet 
plane: larger values  accept  ̮ ͅΒʢẨᵏ̵ʢȶΒ-Ά̑ȶ̵ʢᵐẨ˒˥σαᵜẨ
smaller values  require  a more exact intersection . 
Default = 0.01m.  

PROFILE_XSIZE X-size of profile plot  window. Default = 900 pixels.  

PROFILE_YSIZE Y-size of profile plot  window. Default = 600 pixels.  

 

5.2  Creating a new project  

Creating a new project is explained in chapter 3.2  on page 19.  

The following  files  (Table 5.2) will  be created  in the  project folder.  

 
Figure 5-15: Files and directories created  

with a new RAMMS:: Rockfall project.  
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Table 5.2: Listing of files and directories created with a new RAMMS:: Rockfall project.  

File / Folder  Purpose  

doc (folder)  
Folder containing input and output log 

files  

h illshade  (folder)  
This folder contains a hillshade image 

of your project region  

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  

dhm.tif  GEOTIFF raster file with altitude values  

slope. asc Calculated slope angles of DEM  

slope.tif  Calculated slope angles of DEM  

<ProjectName> .xml  Input file  

<ProjectName> .xyz  Topographic data used in RAMMS  
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5.3  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. 

 

5.3.1  Moving, resizing, rotating, viewing  
 

! Hold Shift  while dragging with the mouse to rotate the topography directly, without 

manually switching to the Rotate tool. This makes 3D navigation faster, smoother, and 
more intuitive.  

If you need to rotate the model around a fixed axis, see exercise below.  

 

 

Rotating the model  around fixed axis  

After  activating  the  rotation  button , the m odel  can be rotated  along the  rotation  

ȶЁ˥αᵋᵜ by moving the  curs or directly  on one of  the  axis until  the  curs or changes  from to 

. Otherwise,  a freehand  rotation  in any direction  is possible.  

 

Figure 5-16: Active project with rotation axes.  

 

 

How to switch between 2D and 3D mode  

Click  to  switch  from  3D to  2D view.  This  button  then  changes  to  and by clicking 
again, you  will  return  to  3D view.  
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Figure 5-17: 3D view of example model.  

 

Figure 5-18: 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  necess ary  to switch  from  
3D to  2D view:  

INPUT: 

Draw New Release Points   

Draw New Release Line  

Draw New Polygon Shapefile  

Edit Forest Parameters   

Edit Soil Parameters   

Release On-Off  

OUTPUT:  

Draw Line Profile  

 

5.3.2  Colorbar  
 

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

side  of  the main wind ow. It can be turned  on and off  by clicking  on . The col orbar 
can be moved  anywhere  in the screen  (and can  get lost). Use  Edit  ỄẨGet Colorbar  
to  find  a lost  colorbar . 

 

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.  
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¶ Simply type a new value into the 
respective field and hit the return key  
on the keyboard. The display will be 
refreshed.  

¶ To view the underlying topography or 
image, you can change the 
transparency . 

 

Figure 5-19: Colorbar and Display 
Options.  

 

¶ Open the editing window by choosing 
Edit Ễ Colorbar Properties .  

¶ To change the colorbar properties 
simply click into the field you want to 
change, then click OK.  

 

Č Using Edit Ễ Colorbar White Color  
the text -color of the colorbar can be 
changed to white. This can be useful 
when changing the background color 
of your project to black or white Track 
Ễ Preferences Ễ Rockfall Tab Ễ 
Background Color . 

 

 

Figure 5-20 : The Colorbar Properties 
window.  

 

 

5.3.3  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) must  be in the same folder as the actual map (.tif). 
If this is not the case, the map will not be found!  

 

How to add or change maps  

 

a. Add or change a map:  

¶ Go to  Extras Ễ šȶΆᵞẨỄ Add/Change Map  or click . 
¶ If more than one  map is found,  the  foll owing  wind ow pops up, listing  the maps 

found:  
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Figure 5-21: Window to choose map image.  

 

¶ Information  on the  image  dimensions  (x-Dim and y-Dim, pixel)  and size  (in MB) are 
provided  and might  be a selection  criterion.  

¶ Select  the  map you wish  to  add  and click  Load  selected  map . 

 

b.  Map not found:  
¶ If the question  "No  map found,  continue  search?"  appears, you either  ʐ̵ͅᵋσ have 

an appropriate  map, the  map- folder  direct ory 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.  

¶ Or click  No to  cancel  search . 

c.  Change remote sensing imagery:  

¶ Go to Extras Ễ ă̮ȶˈʢᵞẨỄ Add/Change Image  or click  . 

 

 

5.3.4  Hillshade visualization  
 

When creating a new project, a hillshade GeoTIFF image is automatically created by 
RAMMS, and saved in the hillshade  folder. If you open an old project, you can still create 
a hillshade image by using  Extras Ą Create Hillshade Image . 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 Figure 5-22 and Figure 5-23 .  

Go to  |ЁσΒȶαẨỄẨă̮ȶˈʢᵞẨỄẨ ʐʐᴮf˒ȶ̵ˈʢẨă̮ȶˈʢ or click  to load a newly generated 
hillshade image into the project.  

 

https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/how-hillshade-works.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/how-hillshade-works.htm
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Figure 5-22  DEM surface visualization (with shadows)  

after creating a new project in RAMMS.  

 

Figure 5-23  Visualization after creating and adding the  
hillshade image to RAMMS.  

 

5.3.5  Show Slope Angles  or Contour Lines  
 

                With these two buttons in the horizontal toolbar, slope angles and contour lines 
can be visualized  (Figure 5-24 ). 

¶  Slope angle  

¶  Contour lines  



RAMMS::Rockfall -  User Manual  

RAMMS AG -  75 

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

Line and label intervals of the contour plot can be set in the Additional Preferences, see 
section 5.1.1 on page 64 . 

 

  
 

Figure 5-24 : Left: Hillshade image, Middle: slope angle Right: contour lines  

 

5.3.6  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 (Section 0). The  input  file  format is xml. The second situation, 
in which  the  input  file  is saved  automaticall y, is when  a simulation  is st arted. The  
saved  input  file  has the  same basename as the  created  output file.  

 

How to  save  input  files  and  program  settings manuall y 

a. Input file:  
¶ In case you want to save the input file manually before running a simulation, go to 

Track Ễ 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 Ễ Save  

Copy As  or click . 
¶ 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 Ễ Save Active Position . There is also a button in the 

horizontal toolbar for this operation Ą . 
¶ You can now get back to this position anytime by choosing  Extras Ễ Reload Position . 
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How to  open an input file  

Close  any active  project  file . 

¶ Go to  Track  Ễ Open Ễ Input  File  or click . 
¶ A wind ow opens to  browse  for a rockfall  input  file  (.xml).  
¶ Click  Open  after the file  name was selec ted.  
¶ The project  will  be opened.  
¶ You can access recent input files by choosing Track  Ễ Ƽʢʄʢ̵σᵞ 

 

 

 

How to load an optional shapefile  

¶ To load  a shapefile,  go to  GIS Ễ Import  Shapefile  or click .  
¶ A wind ow opens to  browse  for a shapefile  (.shp).  
¶ Click  Open  after the file  was selected.  

 

 

 How to open an output file/rockfall simulation  

Close  any active  project  file .  

How to open a scenario in Statistics -Mode:  

¶ Go to  Track  Ễ Open... Ễ Rockfall  Scenario  or click  .  
Scenarios are located in the output  folder of your project directory. Choose a scenario 
folder and click  OK.  

¶ If you want to open several scenarios (from the same project) together, click Track  Ễ 
Open... Ễ 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  Ễ Open... Ễ Rockfall  Trajectories (Ctrl+T) or click  
¶ A wind ow opens to  browse  for rockfall  simulation  files  (.rts). Click OK.  
¶ The simulation(s)  will  then  be opened.  
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¶ If you want to open trajectories from different scenarios (from the same project) 
together, click Track  Ễ Open... Ễ 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 Ą Ƽʢʄʢ̵σᵞ). 

 

 

5.3.7  Activity -Log  
 

The Activity Log  records the most important actions you take in RAMMS::Rockfall  so 
ІͅϓẨʄȶ̵Ẩȶϓʐ˥σẨІͅϓΒẨϸͅΒ̉ᵜẨΒʢσΒȶʄʢẨασʢΆαᵜẨȶ̵ʐẨ˃˥̵ʐẨ˃˥̑ʢαẨΎϓ˥ʄ̉̑ІᵝẨăσᵋαẨ̑˥ˈ˒σϸʢ˥ˈ˒σᵜẨ˒ϓ̮ȶ̵-
readable, and appends a single line per action.  

What gets logged  

Each entry is a semicolon -separated line:  

timestamp ; action ; project ; scenario ; file ; path  

¶ Timestamp :  Local time in YYYY -MM-DD HH:MM:SS. 

¶ Action :   

o OPEN_INPUT: Open input file  

o OPEN_STAT: Open scenario in Statistic -Mode  

o OPEN_TRAJ:  Open trajectories in Trajectory -Mode  

o NEW_PROJECT: Create a new project  

o RUN_SCENARIO: Running simulations for a scenario  

¶ Project : Your project name . 

¶ Scenario : Scenario name.  

¶ File : Input filename, or nr  of trajectories opened in Trajectory -Mode.  

¶ Path : Directory/path of action.  

New entries are written at the top  of the file (newest - first) for quick scanning.  

Why this is useful  

¶ Reproducibility & audits  

¶ See exactly what you opened or ran and when, tied to the 
project/scenario and file location.  

¶ ÇȶασʢΒẨᵏϸ˒ʢΒʢẨʐ˥ʐẨăẨαȶϴʢẨσ˒ȶσᴖᵐ 

¶ The file + path split makes it easy to search for a name and copy the 
folder path.  
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¶ Minimal overhead  

¶ Plain text, append -only, no database. Works offline and with version 
control.  

Viewing and filtering  

¶ Show all recent activity:  

¶ ǗΒȶʄ̉ẨỄẨ ʄσ˥ϴ˥σІẨŖͅˈᵞẨỄẨǉ˒ͅϸẨ ̑̑ᵝẨRAMMS displays a neatly aligned text 
view (monospaced) of the CSV.  

¶ ǉ˒ͅϸẨσ˒˥αẨІʢȶΒᵋαẨȶʄσ˥ϴ˥σІᵠ 

¶ ǗΒȶʄ̉ẨẨỄẨẨ ʄσ˥ϴ˥σІẨŖͅˈᵞẨẨỄẨǉ˒ͅϸẨσ˒˥αẨȓʢȶΒᵝẨRAMMS displays a neatly 
aligned text view for all activity from this year . 

¶ Quick filters by action:  

¶ ǗΒȶʄ̉ẨẨỄẨ ʄσ˥ϴ˥σІẨŖͅˈᵞẨẨỄẨÇ˥̑σʢΒẨɽІẨ ʄσ˥̵ͅᵝẨChoose one action (e.g., 
Open_Input) to show only matching lines. Typical filters are one of the 
actions from above:  

o OPEN_INPUT: what inputs have I opened?  

o OPEN_STAT: which results did I inspect?  

o OPEN_TRAJ: which trajectories did I inspect more closely?  

o RUN_SCENARIO: when did I run this scenario?  

o NEW_PROJECT: when did I create this project?  

 
Tip: Because each field is plain text, you can also open the CSV in any editor or 
spreadsheet and filter there.  

Good practices  

¶ Use clear project/scenario names. They become searchable tags in the 
log.  

¶ Keep filenames meaningful. The file column is the quick visual cue; the 
path is the precise location.  

¶ Archive per year. The log rotates annually (ramms_activity_YYYY.csv) so 
files stay rather small and snappy.  
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5.3.8  About RAMMS  
Some information  about  the  RAMMS installation  on your computer  is found  here:  
Help  ỄẨAbout  RAMMS . 

 

Figure 5-25 : About RAMMS:: Rockfal l 
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5.4  Shapefiles  

Shapefiles are used for all spatially variable input data, such as the definition of rockfall 
release zones (see section 5.5), definition of areas with specific terrain material (see 
section 5.6), or the definition of forested areas (see section  5.7). 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  (Figure 5-26). 

 

 
Figure 5-26 : 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 deact ivated 
shapefile has an assigned ground category, forest or release property, this information 
is ignored. Shapefiles can  only  be drawn in 2D mode. 

 

5.4.1  Drawing Shapefiles  

Create Point Shapefile  

Click  or use Input  Ễ Point  Ễ Draw New Release  Point(s) , move  the  curs or 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 ỄẨPointỄ 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.  
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Create Line Shapefile  

Draw a new line shapefile by clicking  or use Input  Ễ Line/Area  Ễ 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 clicking on your right mouse button. You can then optionally choose to 
define addition al lines within the same shapefile. Enter a name for the line shapefile.  

 
Create Polygon Shapefile  

Draw a new  polygon shapefile  by clicking  or use Input  Ễ Line/Area  Ễ Draw New 
Polygon  Shapefile . Draw the polygon in clockwise direction with left mouse clicks. If 
you want to delete the 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 count er -clockwise  direction. Confirm with a right mouse click and confirm 
that the polygon is a hole. Enter  a name for the release shapefile.   
 

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

¶ To import a single shapefile, click  in the left toolbar or ʄ˒ͅͅαʢẨËăǉẨỄẨ
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  (Figure  5-26). 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.  

 

5.4.3  Calculation Domain  
 

This feature is designed to define a smaller calculation domain, significantly improving 
computation speed. To specify a polygon shapefile as a calculation domain, right -click 
it in the file tree in the right panel  and select ᵊǉʢσẨfȶ̑ʄϓ̑ȶσ˥̵ͅẨq̮ͅȶ˥̵ᵋ. The line color of 
the selected shapefile will then change to green , indicating that this shapefile is a 
calculation domain . 

Reverting a shapefile to a normal  α˒ȶΆʢ˃˥̑ʢᵜẨʄ˒ͅͅαʢẨᵊƼʢ̮ͅϴʢẨfȶ̑ʄϓ̑ȶσ˥̵ͅẨq̮ͅȶ˥̵ᵋ. The 
line color will then switch back to red.  

Once a calculation domain is specified, assigning release points within a shapefile will 
only take polygons within the calculation domain area into account.  
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Shapefiles define spatially variable input data: release areas, ground categories  and forest 
zones. All shapefiles must be in the same coordinate system as the DEM. Create shapefiles 
in a GIS before importing ᴶ RAMMS does not include a full shapefile editor.  

5.5  Assign Release Zones  

A rockfall  starting  zone  can be specified  by setting  a release  point,  drawing  release  
line(s)  (con taining  many  release  points)  or defining  release  area(s)  (polygon). The  
definition  and localization of  a rockfall st arting zone  have a strong  impact  on the  
results  of  RAMMS simulations. Theref ore, we recommend  using  reference  
information  such  as photograph y, GPS measurements or field maps  to  define  
release  points,  release  lines and release  areas. This  should  be done  by experts  with  
experience concerning  the  topographic, geological,  and mete orological  situation  of  
the  investigation area.  

 
Figure 5-27: 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 information, see below. To visualize randomly distributed 
release points in release polygons, it makes sense to zoom closely to your release 
polygon.  

  

5.5.1  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 5.2a below for more 
details.  
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Figure 5-28 : Release Point  HSet Release  

 

5.5.2  Release Line  
 

Enter the amount of release points that will be evenly distributed along the defined line 
ᴜʐ̵ͅᵋσẨ˃ͅΒˈʢσẨσͅẨ˒˥σẨENTER!!) and click OK. See Exercise 5.2b  below for more details.  

 

 

Figure 5-29 : Release Line -  Set Release  
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5.5.3  Release Area  
 

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

 
Figure 5-30 : 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 
Ά̑ͅІˈ̵ͅαᴝᵝẨẨq̵ͅᵋσẨ˃ͅΒˈʢσẨσͅẨ˒˥σẨENTER after you entered the number of release points.  

 

5.5.4  Removing Release Zones  
 

To remove release zones, there are two different ways:  

¶ 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 ignor ed as well.   

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

 

Exercise 5.2a: How to define a release point  

¶ Switch to 2D mode by clicking .  
¶ Activate the project by clicking on it once.  

¶ Click  to start drawing a point shapefile.  
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¶ 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 .  

¶ 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 5-31: Defining 4 release points.  

 

¶ 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 . 

 

 

Figure 5-32 : Shapefile Properties of release points  

 

¶ 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. 

¶ The point(s) should then change the color from red to blue.  
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Exercise 5.2b: How to create a new release line  

¶ Switch  to  2D mode by clicking . 
¶ Activate  the  project  by clicking  on it  once.  

¶ Click  to start drawing a new line shapefile . 
¶ Click  into  the  project  where  you want  to  start dr awing  the  outline  of  the  release 

line. 
¶ 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 . 

¶ 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 5-33 : Project with emerging release lines.  

 

¶ Right-click the shapefile in the file tree and select Set as Release.  
¶ 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 5.2c: How to create a new release polygon  

¶ Switch  to  2D mode by clicking . 
¶ Activate  the  project  by clicking  on it  once.  

¶ Click  to start drawing a new polygon shapefile . 
¶ Click  into  the  project  where  you want  to  start dr awing  the  outline  of  the  release 

polygon.  
¶ 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 . 
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¶ 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.  

 

 

Figure 5-34 : Example of release polygon area.  

 

¶ Right-click the shapefile in the file tree and select Set as Release.  
¶ 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 5.2d: How to load an existing release point/line/area  

 

¶ Import a single  shapefile by clicking  in the left toolbar or import a folder with 

multiple  shapefiles by clicking  above the file tree.  

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

 

Figure 5-35 : Import all shapefiles from a folder  
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¶ Right-click on the imported shapefiles in the file tree and select Set Release  
¶ Depending on the shapefile type, define the amount of release points along a line 

shapefile or the release point density within a polygon shapefile.  

Release zones can be defined as single points, lines, or polygon areas. For hazard studies, 
polygon release zones covering the full potential source area give the most complete 
picture of runout variability.  

5.6  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 5.4.2 ). 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:  

¶ 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.  

¶ 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 ὓ   and ὅ by choosing Edit Soil.  



RAMMS::Rockfall -  User Manual  

RAMMS AG -  89 

 

Figure 5-36 : Assigning a soil type to a polygon shapefile from the file tree (left) and 
dialog to enter custom values for ME and Cd (right).  

 

Each soil/ground  categ ory 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  def ormation  during  ground - contact and -scarring. The two input 
parameters are explained in more detail in chapters 4.8.1 and 0. The default ground 
parameters provided by RAMMS are described in  Section  0. 

Please use these  parameters with  the  awareness  that they  are currently  based  on 
case studies and real -scale experiments.  It remains  an ongoing rese arch  task  to  
reassure  these parameters  rigorousl y. 

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  categ ories:  
 
Surface Soil, Subsoil, Alpine Forest, Talus Vegetated, Talus Fine, Talus Coarse, 
Talus Blocs , Boulder Field , Mountain Road, Asphalt, Bedrock, River /Swamp  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 
4.8.4  to check for plausibility of results and how to adjust ground parameters 
accordingly.  Exercise 5.3a shows how to define these terrain material parameters.  
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ASCII- raster - files will be created for both terrain parameters ὓ   and ὅ, if specific 
ground parameters are assigned to shapefiles. If only the overall soil/ground material is 
specified, no ASCII - files will be created and used.  

Exercise 5.3a: How to create a shapefile with specific terrain characterization  

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

¶ Click Draw New Polygon Shapefile  . 
¶ Click  into  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.   

 

      

Figure 5-37 : Project with emerging polygon shapefile.  

 

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  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 M E and C d 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 
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polygons in the shapefile, use the Edit Soil Parameters tool  in the top toolbar and 
click into the specific polygons.  

 

5.6.1  Creating Custom Soil Types  
 

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

 

 

Figure 5-38 : Save new custom soil type  

 

 

Figure 5-39 : 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 Ą ǉͅ˥̑ᴮÇͅΒʢασẨƴȶΒȶ̮ʢσʢΒαᵞẨĄ Edit my 
Custom Soil Types .  
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Figure 5-40 : Delete custom soil types by removing one or all  
<ground_category> blocks as highlighted above. Click Save and OK.  

5.7  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 5.3a. Create a polygon shapefile (see chapter 5.4.1) or import it 
from other projects or from GIS (see chapter 5.4.2 ). Choose appropriate filenames  for 
the different  shapefiles  while generating  them so there is no confusion about which 
shapefile belongs to which terrain type or forest.  
 

5.7.1  Creating Forest Shapefiles  
 

To assign a forest to a polygon shapefile you can either:  

¶ Select the edit forest parameters tool  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.  

¶ 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.  
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Figure 5-41: Assigning a forest type to a polygon shapefile from the file tree (left) and 
dialog to enter custom forest densities and DBH distributions (right).  

 

5.7.2  Forest Parameters  
 

The Forest Parameters dialog (see Figure 5-41) shows:  

¶ The area of the selected polygon and the number of generated trees 
according to the entered tree density (2).  

¶ The tree density [trees/ha]  

¶ 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.  

¶ Statistical values of the calculated tree heights based on the generated 
DBHs. The height of a generated tree is:   Ὄ  ά ὈὄὌ ὧάȢ 

¶ 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 section  
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4.9 . 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, the global soil property is used.  

 

5.7.3  Forest Visualization  
 

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  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.  

 

Figure 5-42 : Default forest visualization  (left) and visualization  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.  

 

5.7.4  An Example of Using Forests  
 

Exercise 5.4b: How to assign a forest to a shapefile  

¶ Switch to 2D mode  

Click the 2D mode icon  
 

¶ Activate  the  project   
Click anywhere on the map to activate the project  
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¶ Draw a New Polygon Shapefile  

Click the Draw New Polygon Shapefile  button . 
 

¶ Start Drawing the Polygon  
Click on the map where you want the polygon outline to begin.  
 

¶ Continue Drawing the Polygon  
Move your cursor and click the left mouse button  to define each corner of the polygon.  
Complete the shape by clicking the right mouse button  ᴶ the polygon will close 
automatically.   

 

      

Figure 5-43 : Project with emerging polygon shapefile (left, middle) and assigned dense 
forest (right).  

^ʢ˃ͅΒʢẨσ˒ʢẨα˒ȶΆʢ˃˥̑ʢẨ˥αẨʄΒʢȶσʢʐᵜẨІͅϓᵋ̑̑ẨɽʢẨΆΒ̮ͅΆσʢʐẨσͅ: 

¶ Add  more  polygons?  
Click Yes  to draw additional polygons using the same process, or No  to finish.  
 

¶ Is this polygon a hole?  
This prompt appears if the polygon was drawn in a counterclockwise  direction.  
¶ Click No to convert it to a regular polygon (direction will be corrected 

automatically).  
¶ Click Yes  only if you're intentionally creating a hole inside an existing polygon. In 

that case:  
o First draw the outer polygon clockwise , 
o Then draw the inner polygon counterclockwise , 
o Answer Yes  to both prompts: Add more polygons?  and Is this polygon a 

hole?  
 

¶ Choose a file  name  
Enter a name that reflects the type of forest (e.g., dense_forest). The .shp file 
extension is added automatically. The shapefile will be created and added to your 
project.  
 

Alternative Method  
You can also create shapefiles using an external GIS software and import them into your 
project by  
¶ Clicking ËăǉẨỄẨă̮ΆͅΒσẨǉ˒ȶΆʢ˃˥̑ʢ, or  
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¶ Clicking the Import Shapefile  button  
 

Assigning Forest Properties  
¶ To assign a forest type to the whole shapefile:  

Right-ʄ̑˥ʄ̉Ẩσ˒ʢẨα˒ȶΆʢ˃˥̑ʢẨ̵ȶ̮ʢẨ˥̵Ẩσ˒ʢẨ˃˥̑ʢẨσΒʢʢẨỄẨSet Forest . 
Choose a default forest type , or select Edit Forest  to define custom parameters 
(e.g., tree density, DBH distribution).  

 

¶ To assign different properties to individual polygons in the shapefile:  

Use the Edit Forest Parameters  tool  in the top toolbar.  
Click on individual polygons and assign a forest type or enter custom parameters (see 
section 0 above).  

 
Optional: Assign Soil Type  

You can assign a soil type to the new forest following Exercise 5.3a. If no soil type is 
defined, the global soil properties will be applied by default.  

 

 

Forest input requires a polygon shapefile defining the forested area and a parameter set 
for stem density and mean DBH. RAMMS distributes trees randomly within the polygon. 
Run multiple realisations (different random seeds) to average out stochastic variab ility in 
tree placement, especially for small forest patches.  

5.8  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 5.5 demonstrates h ow 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.  
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5.8.1  Using the rock builder  
 

Exercise 5.5: How to create a rock with the Rock Builder  

¶ Click  to open the Rock Builder .  

 

 

Figure 5-44 : 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 interac tively  and look at it  from  any direction  (3).  

 

¶ The rock has predefined  initial  rock characteristics  (4).  
When changing  the  rock densi ty, the  Rock Builder   automatically  calculates  the  new 

mass of  the  rock. After  changing  the  mass of the  rock,  click  to  adjust  the  
volume  and the  dimensions  (X/Y/Z)  of  the  rock. Enter  a new  rock volume  and click 

 to  adjust  the  rock mass as well as the  rock dimensions  (X/Y/Z ). Be aware that 
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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 
̮ϓασẨȶʐ́ϓασẨ˥σẨ˥̵Ẩσ˒ʢẨᵏƼϓ̵Ẩǉ˥̮ϓ̑ȶσ˥̵ͅᵐẨʐ˥ȶ̑ͅˈẨᴜαʢʢ Figure 6-8) 

 

¶ Change axes of rock (5)  
Click on the button next to the rock dimensions (unlock aspect). Now you can 
ʄ˒ȶ̵ˈʢẨσ˒ʢẨΒͅʄ̉ᵋαẨȶЁʢαᵝẨƴΒʢααẨ|ũǗ|ƼẨȶ˃σʢΒẨʄ˒ȶ̵ˈ˥̵ˈẨȶ̵ẨȶЁ˥αᵜẨαϓʄ˒Ẩσ˒ȶσẨσ˒ʢẨϴ˥ʢϸẨͅ˃Ẩ
the rock is updated, and volume and mass are calculated accordingly.  
 

¶ Enter  a file  name or use the  suggested  name and click  to  save  the  new  .pts - file 
(6).  RAMMS automatically creates a rocks  ˃̑ͅʐʢΒẨ˥̵ẨІͅϓΒẨΆΒ́ͅʢʄσẨʐ˥ΒʢʄσͅΒІᵝẨăσᵋαẨασΒ̵ͅˈ̑І 
recommended  to  save your new  rocks  in this  direct ory. 
 

¶ Click  Close  to  close  the  Rock Builder  wind ow. 

 

Once a rockfall  simulation  has been 
finished and  opened  in RAMMS, you can 
find  additional information  on the  rock for 
every  traject ory in the  ROCKFALL panel,  
tab  Rock , see Figure 5-45 . Use the left 
mouse to move the visualization rock in any 
direction.  

 

Please be aware that you must be in 
Trajectory -mode  and activate a specific 
trajectory to get information about the rock 
type.  

 

 

Figure 5-45 : 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 Ą 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).  

 

 
Figure 5-46 : Edit your custom rock library. Remove <rock> -sections  

 if needed, as highlighted above.  

The Rock Builder generates point cloud files (.pts) representing realistic rock shapes from 
a set of predefined primitives scaled by user -defined axes (a, b, c). Use the Rock Builder 
to create a consistent set of rock shapes for a scenario rather than rely ing on a single 
ellipsoid approximation.  

 

5.8.2  Convex hull (point cloud) rigid obstacles  
 

In RAMMS, convex hull objects  are used to represent rigid obstacles such as:  

¶ Barriers (including nets)  

¶ Dams  

¶ Rockfall sheds  

¶ Any other structure that can interact with falling rocks  

 
These objects are geometrically represented as convex shapes , meaning all interior 
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angles between surface points are less than or equal to 180°, and any line drawn 
between two points inside the object lies completely within the object.  

RAMMS uses a point cloud  to define the geometry of these objects. The system 
automatically generates a convex hull  around the provided point cloud to simplify and 
speed up collision detection and impact calculations.  

Important:  Only convex  shapes are supported. Concave geometries or objects with 
internal cavities are still represented as convex hulls, and might look different than 
expected.  
 

5.8.3  Creating Point Cloud Objects Outside of RAMMS  
 

While RAMMS provides tools to create dams and other convex hull objects internally 
(e.g., via shapefiles and elevation input), you can also generate these objects 
externally using your own geometry and import them into RAMMS.  

To do this, you need two files:  

¶ The .pts File  HPoint Cloud Data  

Ǘ˒˥αẨ˃˥̑ʢẨʄ̵ͅσȶ˥̵αẨσ˒ʢẨΒʢ̑ȶσ˥ϴʢẨʄͅͅΒʐ˥̵ȶσʢαẨͅ˃Ẩσ˒ʢẨͅɽ́ʢʄσᵋαẨαϓΒ˃ȶʄʢẨΆͅ˥̵σαẨ˥̵Ẩσ˒ʢẨ˃ͅΒ̮ȶσᵠ 

x1    y1    z1   

x2    y2    z2   

...   

Each line represents one point in 3D space. The coordinates are relative , meaning the 
first point is assumed to be at 0.0 / 0.0 / 0.0 , and all subsequent points are defined 
relative to it.  

 

Example (Net_0.pts):  

 
Figure 5-47 : Example pts - file  

 

¶ The .txt File  HAbsolute Reference Point  

 
This file stores the absolute coordinates (X0, Y0, Z0)  of the first point in the point 
cloud, expressed in meters in the global Cartesian coordinate system.  
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RAMMS uses this file to place the object correctly  in the simulation domain.  

Example (Net_0.txt):  

 
Figure 5-48 : Example pts - reference file  

 
This means that the first point of the .pts file (which is at 0/0/0) is located at the 
absolute position X = 13203044, Y = 4034066.4, Z = 50.94638 m.  

The .pts and .txt files must have the same base filename  (e.g., Net_0.pts and 
Net_0.txt) to be correctly recognized by RAMMS.  

 

5.8.4  Importing External Convex Hull Objects into RAMMS  
 

To load externally created objects into RAMMS:  

¶ Place the .pts and .txt files in your project directory.  

¶ Add the Barrier/Dam/Shed obstacle in RAMMS.  

¶ Select your .pts file(s). RAMMS will automatically read the associated .txt 
file.  

¶ Optionally, you can select multiple .pts files (hold Shift) to apply the same 
properties to several objects at once.  

 
Notes and Best Practices  

¶ These objects behave identically to internally created dams, galleries, or 
nets.  

¶ Make sure that the point cloud forms a valid convex shape ᴶotherwise 
RAMMS may generate unexpected results.  

¶ Use enough points to define the object accurately, especially for long or 
sloped surfaces.  

¶ Naming consistency is crucial: the .pts and .txt must have matching names.  
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5.9  Barrier objects (nets)  

 

Ƽ ššǉẨ̮ͅʐʢ̑αẨ̵ʢσαẨȶαẨᵏσ˒˥̵Ẩϸȶ̑̑ᵐẨͅɽ́ʢʄσαẨᴜαʢʢẨFigure 5-49 ), as rigid obstacles. These 
ᵏσ˒˥̵Ẩϸȶ̑̑ᵐẨͅɽ́ʢʄσαẨȶΒʢẨ̮ͅʐʢ̑ʢʐẨȶαẨʄ̵ͅϴʢЁẨ˒ϓ̑̑αẨᴜΆͅ˥̵σẨʄ̑ͅϓʐαᴝᵝẨ ẨαʢΆȶΒȶσʢẨɽȶΒΒ˥ʢΒẨ
object is created for each net field, from support post to support post  (see Figure 
below ).  
Net object s are represented by a prism - like Qhull volume, where  the base is terrain -
following and slightly embedded below the surface instead of being defined only by 
the post endpoints and a shifted base line. This reduces gaps below the net and helps 
prevent rocks from passing underneath the obstacle on irregular te rrain .  

 

 
Figure 5-49 :  Example of rockfall net  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supports 
posts  

Figure 5-50 : Rockfall net support posts  
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The angle (a) between the support and the terrain can be defined according to this 
sketch from Geobrugg.  

 
Figure 5-51: The default angle between the terrain and the post  

 is 75° (sketch provided by Geobrugg).  

5.9.1  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 5-52ᵠẨƼͅʄ̉˃ȶ̑̑Ẩ̵ʢσαẨϸ˥σ˒Ẩȶ̵Ẩʢ̵ʢΒˈІẨȶɽᾳΒΆσ˥̵ͅẨʄȶΆȶʄ˥σІẨͅ˃ẨנᵋןןןẨ̉ŇᵝẨǉ̮ȶ̑̑ẨΒͅʄ̉αẨ

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 
̑˥̮˥σẨϴȶ̑ϓʢẨ˥αẨʢЁʄʢʢʐʢʐẨɽІẨσ˒ʢẨΒͅʄ̉ᵜẨσ˒ʢẨ̵ʢσẨ˒ȶαẨ̵ͅẨ˥̵˃̑ϓʢ̵ʄʢẨ̵ͅẨσ˒ʢẨΒͅʄ̉ᵋαẨσΒȶ́ʢʄσͅΒІᵜẨȶ̵ʐẨ
the rock passes through the net ( B). 

There are two possibilities to create new barrier (net) objects:  

A 

B 



RAMMS::Rockfall -  User Manual  

RAMMS AG -  104 

¶ Draw a new line shapefile in RAMMS, and subsequently create net objects 
from there, or  

¶ ǣαʢẨᵏInput Ą ̂ ȶΒΒ˥ʢΒαᵞẨĄ Create Barriers from Line -Shapefiles ᵐẨσͅẨʄΒʢȶσʢẨ
net objects from already existing line -shapefiles.  

 

5.9.2  Create new net object: Step -by -step  
 

¶ (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.  

 

 
Figure 5-53 : Distance measure between support posts.  

 
 

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

 
Figure 5-54 : Create barrier net object from line - shapefile.  
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¶ Click Yes, and then enter barrier height (m), the angle between terrain and 
post (°) and the energy absorption capacity (in kJ), see figure below.  

 

 

 

 

¶ 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 always considered in a new simulation.  

 

 
Figure 5-56 : Net objects visualized in RAMMS.  

Figure 5-55 : Enter barrier height, angle and energy absorption capacity.  
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¶ If you do not want to use net objects for a simulation, remove all barrier 
objects with « Input Ą Remove Barriers/Dams ». 

¶ ũʢσẨͅɽ́ʢʄσαẨᴜᶎᵝΆσαᴝẨʄȶ̵ẨɽʢẨȶʐʐʢʐẨ̑ȶσʢΒẨσͅẨȶẨΆΒ́ͅʢʄσẨɽІẨϓα˥̵ˈẨᵏInput Ą 
^ȶΒΒ˥ʢΒαᵞẨĄ Add Barriers ᵐᵝẨȓͅϓẨʄȶ̵Ẩσ˒ʢ̵ẨαΆʢʄ˥˃ІẨȶ̵Ẩʢ̵ʢΒˈІẨȶɽᾳΒΆσ˥̵ͅẨ
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.  

 

5.10  Rockfall Dams, Rockfall Sheds  

In many practical applications, it is necessary to incorporate mitigation measures  into 
rockfall simulations to  evaluate their effectiveness and their interaction with falling 
blocks. RAMMS::Rockfall provides dedicated modelling tools for analyzing  rockfall 
impacts on rockfall dams , rockfall sheds , and bridges . 

 
Figure 5-57 : Rockfall sheds and dams can be introduced into the model domain.  These 

obstacles are true three -dimensional rigid obstacles.  

 

Unlike flexible barriers, which are defined using line profiles, these mitigation measures 
must be represented as three -dimensional structures positioned within the model 
domain . Rockfall dams and sheds are treated as rigid, artificial obstacles that are 
embedded into the terrain model. During a simulation, these structures can intercept, 
deflect, or stop falling rocks, depending on their geometry and energy absorption 
capacity. Impact information , such as the number of impacts , impact angles , and 
impact en ergies , can be evaluated for both dams and sheds (see Sections 7.5.1 and 
7.5.2). 

Rockfall 
shed  

Rockfall dam  

Rockfall barrier  
(Line)  



RAMMS::Rockfall -  User Manual  

RAMMS AG -  107 

Bridges can be considered a special case of a rockfall dam. In this configuration, the 
dam base is not embedded in the ground but elevated above it, creating an underpass 
beneath the structure. RAMMS::Rockfall  includes specialized analysis tools to 
evaluate impacts on rockfall sheds, dams, and bridges, accounting for their geometry 
and structural characteristics.  

Figure 5-57 illustrates an example model domain containing both a rockfall shed and a 
rockfall dam. The user may specify a single obstacle, or alternatively a mix of one or 
more obstacles in a single domain.  Dedicated input tools are available within the 
software to  facilitate the definition of shed, dam, and bridge geometries.  

For both object types, the interaction with falling rocks is limited by a maximum kinetic 
energy that can be absorbed by the structure. If the kinetic energy of an impacting 
rock exceeds this energy absorption capacity, the obstacle is assumed to lose its 
effectiveness . In this case, the impact is recorded, but the obstacle no longer 
˥̵˃̑ϓʢ̵ʄʢαẨσ˒ʢẨΒͅʄ̉ᵋαẨαϓɽαʢΎϓʢ̵σẨ̮ͅσ˥̵ͅᵜẨȶ̵ʐẨσ˒ʢẨα˥̮ϓ̑ȶσ˥̵ͅẨʄ̵ͅσ˥̵ϓʢαẨȶαẨ˥˃Ẩσ˒ʢẨ
obstacle were not present.  

Dams and sheds can be specified under ă̵ΆϓσẨỄẨqȶ̮αᵞ or ă̵ΆϓσẨỄẨǉ˒ʢʐαᵞ, directly 
beneath the ă̵ΆϓσẨỄẨ^ȶΒΒ˥ʢΒα menu:  

 

 
Figure 5-58 :  Rockfall sheds and dams are specified using the under 

ă̵ΆϓσẨỄẨqȶ̮αᵞẨͅΒẨă̵ΆϓσẨỄẨǉ˒ʢʐαᵞ 

 

The definition of dams and sheds consists of two fundamental steps. First, the 
location and geometry of the dam or shed are specified  (e.g. position, elevation, face 
inclination, and crest width). Second, the structural response parameters governing 
the interaction with falling rocks are defined , including the energy absorption 
capacity  (kJ), compression modulus  (ME, in MN/m²), and energy dissipation factor . 
These parameters are then used to compute the resistance force factor  (ὅ), area of 
impact  (ὃ), and penetration depth  (Ὠ) which can be output  for structural analysis.  
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IMPORTANT: All dams and/or sheds that are created by the user can be removed from 
the simulation by using the Input ->Remove All Barriers/Dams/Sheds.  

5.10.1    Defining Dam Location and Geometry  
 

The location and geometry of a dam can be defined using four different methods, 
depending on how the structure is embedded in the terrain (see Figure 5-59):   

1. Addition of a *.pts Point -Cloud File (convex hull)   
A*.pts Point -Cloud File representing the dam geometry can be added  directly to 
the to the terrain via Input Ąqȶ̮αᵞỄ ʐʐẨ|Ё˥ασ˥̵ˈẨqȶ̮α.    

2.  By Defining Inclination, Elevation, and Crest Width  
Navigate to ă̵ΆϓσẨ ỄẨ qȶ̮αᵞẨ ỄẨ fΒʢȶσʢẨ qȶ̮Ẩ ᴜă̵ʄ̑˥̵ȶσ˥̵ͅᴮ|̑ʢϴȶσ˥̵ͅᴮȆ˥ʐσ˒ᴝ. 
ǉΆʢʄ˥˃ІẨσ˒ʢẨ̮ȶ˥̵Ẩʐȶ̮Ẩ˃ȶʄʢᵋαẨ˥̵ʄ̑˥̵ȶσ˥̵ͅᵜẨσ˒ʢẨʄ̵ͅασȶ̵σẨʢ̑ʢϴȶσ˥̵ͅẨͅ˃Ẩσ˒ʢẨʐȶ̮ẨʄΒʢασᵜẨ
and the crest width. Only the dam foot shapefile is required.  

3.  From Shapefiles (Elevation)  
Navigate to  ă̵ΆϓσẨỄẨqȶ̮αᵞẨỄẨfΒʢȶσʢẨqȶ̮Ẩᴜ|̑ʢϴȶσ˥̵ͅᴝ. ǉΆʢʄ˥˃ІẨσ˒ʢẨʐȶ̮ẨʄΒʢασᵋαẨ
horizontal elevation (in meters above sea level). Both the dam foot and dam crest 
shapefiles must be provided.  

4.  From Shapefiles (Relative Height)  
Navigate to ă̵ΆϓσẨỄẨqȶ̮αᵞẨỄẨfΒʢȶσʢẨqȶ̮ẨᴜƼʢ̑ȶσ˥ϴʢẨßʢ˥ˈ˒σᴝ. Define the relative 
(constant) height difference (in meters) between the dam foot and crest. Both 
the dam foot and dam crest shapefiles must be provided.  

The last three methods indicate that dams can be created within RAMMS using polygon 
shapefiles generated externally (e.g. in GIS software) or drawn directly in RAMMS via 
ă̵ΆϓσẨỄẨŖ˥̵ʢẨᴮẨ ΒʢȶᵞẨỄẨqΒȶϸẨũʢϸẨƴ̑ͅІˈ̵ͅẨǉ˒ȶΆʢ˃˥̑ʢ. A figure illustrating the dam input 
menu and the four available options is provided below.  

 

 
Figure 5-59 :  There are four methods to create a dam in the model domain:  (1) Add Existing 
Dam (add an existing point cloud), (2) Create dam (only dam foot required), (3) Create dam 

(Elevation) from two shapefiles, (4) Create Dam(Relative Height) from two shapefiles . 

 

When creating  a dam (options 2 4H), as opposed to adding  a dam using a point -cloud 
file (option 1), the user must create one or two polygon shapefiles. One shapefile 
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defines the dam foot, and the other defines the dam crest (see figure below). If the 
dam is defined using the face inclination method (option 2), only the dam - foot 
shapefile is required.  

 

 

 

 

 

 

 

 

 

 
For all creation options, the dam - foot shapefile must be constructed as described below.  

Drawing the Dam Footprint Shapefile  

¶ Switch to 2D mode and draw the dam foot shapefile by creating a new 
polygon.  

¶ The order of vertices is important: draw them in the sequence from Point 1 
to Point 4, as shown in Figure 5-61. 

¶ This polygon represents the dam foot outline.  

¶ If the dam terrain is irregular (on the face side), you may add more points 
along that edge (e.g. 3, 4, 5, 6, etc.) but ensure they form a straight line.  

¶ The line between Point 3 and the last point is used to determine the 
orientation of the dam face.  

 
Figure 5-61: Dam footprint points order.  Note 
the points are drawn in a counter - clockwise  

  

Figure 5-60 :  Dam crest polygon -shapefile (left), and dam foot polygon -shapefile (right)  
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IMPORTANT: The points in the footprint file determine the elevation of the footprint 
surface. The elevation between these points is interpolated linearly, forming a 
straight line from one point to the next. If only two points are selected, this linear 
inte rpolation may result in an unintended depression beneath the dam, potentially 
creating a hole.   See Figure 5-62  

 

 
Figure 5-62 :  If two few points are selected to define the dam footprint, a hole might exist 

below the dam.  In the simulations rocks will appear to pass the dam.  

 

This problem can be remedied by selecting more points along the edges of the dam 
footprint, see Figure 5-63  

 
Figure 5-63 :  Holes can be removed from beneath the dam by  

creating more points along the dam footprint.  

 

 

Option 1: Add *.pts Point Cloud  

A dam or shed geometry can be imported directly into RAMMS::Rockfall  using a point -
cloud file (*.pts) that represents the convex hull of the structure (see Section 5.8.2 ). 
This method allows the user to define the full three -dimensional geometry of an 
existing dam or shed without recreating it manually within RAMMS . 
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The *.pts point cloud may be generated using external software (e.g. CAD or GIS tools) 
or created manually by entering individual point coordinates into a text file. The point 
cloud defines the relative geometry of the structure only. By definition, the first line of 
a *.pts file must be the coordinate (0, 0, 0) , and all subsequent points are specified 
relative to this origin. The absolute position of the dam or shed within the simulation 
domain is defined separately using an accompanying *.txt file. This f ile contains the 
absolute coordinates of the first point  and is required whenever a *.pts file is 
imported. Together, the *.pts and *.txt files fully define the location and geometry of 
the structure in the model domain.  

When a dam or shed is created interactively within RAMMS, the software automatically 
generates the corresponding *.pts and *.txt files and stores them in the scenario 
directory. These files can later be reused and re - imported using the * Add .pts Point 
Cloud  option.  

This method is particularly useful for quickly importing existing dams or sheds with 
known geometry and location.  Ȇ˒˥̑ʢẨȶʐʐ˥̵ˈẨȶẨΆͅ˥̵σẨʄ̑ͅϓʐẨʐʢ˃˥̵ʢαẨσ˒ʢẨασΒϓʄσϓΒʢᵋαẨ
geometry and placement, the structural response parameters  (e.g. energy absorption 
capacity, compression modulus, and energy dissipation factor) must be specified again 
by the user. Consequently, this option is most used  when investigating multiple 
structural parameter s for a dam or shed with fixed geometry and location, such as in 
sensitivity o r design studies.  

 

Option 2: Create Dam (Inclination/Elevation/Width)  

Once the foot shapefile is defined (see instruction above), RAMMS will prompt for the 
following input parameters:  

 

1. Setting Dam Parameters  
 

Inclination Angle of Dam Face  

¶ Define the angle of inclination (in degrees) of the dam face.  

¶ Default = 70° if no value is entered.  

 
Figure 5-64 : Dam face inclination angle  
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Dam Crest Altitude  

¶ Enter the absolute elevation (in m a.s.l.) of the dam crest.  

¶ The elevation is assumed to be constant (horizontal).  

¶ RAMMS calculates the mean altitude of the dam foot face points and 
displays it for reference.  

 
Figure 5-65 :  Specification of dam crest altitude. The window provides  

information of the footprint altitude. In this case the upper  
dam face is located at 99.88m elevation.  

 

Dam Crest Width  

 

¶ Define the width of the dam crest in meters.  

¶ Default = 3.0 m if left blank.  

 

Figure 5-66 :  Input window for the dam crest width.  

 

Once the dam crest width has been defined, the program will generate and save the 
corresponding dam geometry. If a file with the same name already exists, the user will 
be prompted to confirm whether the existing file should be overwritten.  

Following this step, the user will be required to define the structural properties of the 
ʐȶ̮ᵝẨǗ˒ʢαʢẨΆȶΒȶ̮ʢσʢΒαẨ˥̵ʄ̑ϓʐʢẨσ˒ʢẨʐȶ̮ᵋαẨʢ̵ʢΒˈІẨȶɽᾳΒΆσ˥̵ͅẨʄȶΆȶʄ˥σІẨᴜ˃ȶ˥̑ϓΒʢẨʢ̵ʢΒˈІᴝᵜẨ
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expressed in kJ, as well as the  ὓ  value, specified in MN/m². These inputs are essential 
for accurately characterizing the mechanical performance of the structure.  

At this stage the dam is depicted in the model domain.  Both 2D and 3D visualizations 
are possible.  

 
Figure 5-67 :  Dam-visualization in RAMMS -  Dam.pts.  

 

Option 3 and 4: From Shapefiles (Elevation/Relative Height)  

For Options 3 and 4, the dam crest geometry must be provided as a polygon shapefile. 
To ensure correct processing, this file must meet the following requirements:  

1. Location within the footprint  
The crest polygon should generally be located inside the dam footprint polygon. 
In practice, the crest represents a sub -area of the footprint and must therefore 
lie within its boundaries.  

2. Consistent point ordering  
The crest shapefile must follow the same vertex ordering (point sequence and 
orientation) as the footprint shapefile. This consistency is essential for the 
program to correctly interpret the geometry.  For example, if the first vertex of 
the dam footprint polygon is located at the lower right -hand corner, then the 
first vertex of the crest polygon should also begin near the lower right -hand 
side. Maintaining a consistent starting point and rotational direction allows the 
program to correctly identify the up stream and downstream faces of the dam.  

Failure to follow these conventions may result in incorrect identification of the dam 
face and unintended geometric errors.  For the creation process with these options:  

¶ Select the dam foot polygon -shapefile, and afterwards the dam crest 
polygon -shapefile.  

¶ Select a name for your dam. This name will be used for the point - cloud -
file.  
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Figure 5-68 :  Enter new dam name  

Ones the dam footprint has been defined, RAMMS automatically generates:  

¶ A .pts point - cloud file representing the convex hull geometry of the dam.  

¶ A .txt reference file, which stores the real -world coordinates of the origin 
(first point in the point cloud).  

¶ The .pts file contains relative coordinates (starting from 0/0/0).  

 

If files with the same name already exist, RAMMS will prompt whether to overwrite 
them.  The two options differ regarding  the last input.  In Option 3, the user is 
requested to specify an elevation,  

 
Figure 5-69 :  Specification of dam  crest elevation.  

 

whereas with option 4, the relative height is requested:  

 

 
Figure 5-70 :  Specification of dam crest elevation with the 

relative height from footprint file.  
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After inputting the geometry information,  the user is requested to enter the dam failure 
energy,  and the dam face ὓ  properties.  

 

5.10.2  Rockfall Sheds  
 

Rockfall sheds are treated in RAMMS::Rockfall  in a manner analogous to dams. They 
are represented as rigid obstacles defined by a convex hull (point -cloud geometry) 
and interact with falling rocks by intercepting, deflecting, or stopping their motion 
depending on the impact conditions.  

The standard workflow for creating rockfall sheds in RAMMS is optimized for 
structures with a horizontal roof surface , which reflects the most common shed 
configuration. This allows sheds to be generated efficiently using the built - in input 
tools. Alternatively, a rockfall shed can be defined externally by creating a point -cloud 
(*.pts) file and importing it directly int o RAMMS. This approach is particularly useful for 
complex geometries or for reproducing existing structures.  

Details on the required point -cloud format and accompanying files are provided in the 
Section: 5.8.2  Format of Point -Cloud Object . 

 

Creating a (horizontal) gallery object in RAMMS  

 
The following procedure outlines how to create a gallery object in RAMMS. Since the 
shed roof must be horizontal  (for now), it is recommended to use a contour plot for 
reference. The contour lines will help you define the basic shapefile ᴶparticularly the 
mountain -side boundary, as shown in the images below.  

   
Figure 5-71: Planned rockfall shed with (right) and without (left) contour lines.  

Step 1: Draw the Rockfall Shed Footprint  

1. Switch to 2D mode . 

2. Draw the footprint  of the planned shed object using a new polygon shapefile . 

3. Use the contour line (in this case 625m) as the boundary on the hillside (see 
Figure 5-71). 
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Step 2: Create the Shed Object  

1. Navigate to ă̵ΆϓσẨỄẨǉ˒ʢʐαᵞẨỄẨfΒʢȶσʢẨǉ˒ʢʐẨᴜ|̑ʢϴȶσ˥̵ͅᴝ.  The procedure is 
similar to the specification of dams.  

2. Select the footprint shapefile .  This shapefile represents the shed roof . 

3. Enter the name of the shed.  

4. When prompted for the elevation , enter the hillside elevation (625m in this 
example).  

5. Input energy absorption capacity  and ME-value  (refer to the dam section above 
for details).  

6. RAMMS::Rockfall  will then generate and display the gallery object (see Figure 
5-72). 

 
Figure 5-72:  Visualization of a rockfall shed over a road cut.  

 

Additional Notes:  

¶ If the shed is visualized as a black object , they will always be considered in 
a new simulation.   

¶ To exclude objects from a simulation, remove all objects via ă̵ΆϓσẨỄẨ
Remove Barriers/Dams/Sheds . 

¶ Once the user has defined a shed name (a *.pts), the corresponding *.pts 
file can be re - introduced into the simulation by using   ă̵ΆϓσẨỄẨǉ˒ʢʐαᵞẨỄẨ
Add Existing Sheds . 

¶ This procedure can be used to quickly redefine the energy absorption 
capacity  and the ME-value  without re -making the shed geometry  

¶ Select multiple .pts files  (by holding the Shift key) to assign the same 
parameters to multiple objects.  
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Figure 5-73 : Footprint of planned gallery object (left) and gallery -point - cloud -object 
(right).  Note that the shed roof follows the contour line with multiple points.  

 

5.10.3  Format of point - cloud -object (Dam or Shed)  
 
An obstacle point -cloud object consists of two files:  

¶ <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.  

¶ <gallery_name>.txt : Coordinates of reference point (x, y, z), in cartesian 
coordinate system.  

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

 

 

 

 

Figure 5- 74 : Point - cloud file (.pts) and reference point file (.txt)  

 

5.10.4  Structural Impact Parameters for Rocks and Sheds  
 

Once a dam or shed object has been created, its mechanical interaction with impacting 
rocks during the simulation is governed by two structural impact parameters:  

 


















































































































































































































































