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CHAPTER 1: INTRODUCTION

1 LYGNRRdAzOGAZY

In the field of natural hazards there is an increasing need for process models to help understand th
motion of geophysical movements. These models allow engineers to predict the speed and mass of
hazardous movements in complex terrain. Such models are especially helpful when processing miti-
gation measures, such as avalanche dams or snow sHadsard maping is an especially important
application in Switzerland and other mountainous countries. An accurate prediction of runout dis-
tances, flow velocities and impact pressures in general toligeensional terrain is the driving moti-
vation for the developmenodf dynamical mass movement models. Although helpful and-hkeld by

users, onedimensional models such asVAELD require that the primary flow direction and flow
width must be defined by the user in advance. This is often difficult, especially in open terrain, or in
terrain consisting of several possible flow channels. Furthermore, flow interaction with catching and
deflecting dams cannot be accurately modeled using-dingensional simulation codes.

RAMMS (Rapid Mass Movement Simulation) is adimrensional, statef-the-art numerical simula-

tion model to calculate the motion of geophysical mass movements (snowrebeds, rockslide,
debris flows and shallow landslides) from initiation to runout in thdimensional terrain. It was
designed to be used in practice by hazard engineers who need solutions to real, everyday problems.
It is coupled with a usdiriendly viswlization tool that allows them to easily access, display and ana-
lyze simulation results. New constitutive models have been developed and implemented in RAMMS,
thanks to calibration and verification at full scale tests at sites such as Vallée de la Sibese.
models allow the application of RAMMS to solve both large, extreme avalanche events as well as
smaller mass movements such as hillslope debris flow and shallow landslides.

RAMMSis developedsince 201y the RAMMS team at the WSL Institute for Sramd Avalanche
Research SLBnd since July*'12024 by Marc Christen at RAMMS .Atis manual describes the fea-
tures of the RAMMS programallowing beginners to get started quickly as well as serving as a refer-
ence to expert users.

The RAMMS web padstps://www.ramms.ch provides useful information such as a forum, fre-
qguently asked questions (FAQ) or recent software updates. Please visit this web page frequently to
stay up to date!

1.1 Motivation

Mitigation of natural hazards relies increasingly wmmerical process nodelsto predict the area
inundated by rapidjeophysicainassmovements. These movements include

snow avalanches,

torrent baseddebris flows andhillslope debrs flows,
muddides,

ice avalanches and glacier lake outbreaks
rockfalsand rock avalanches.

= =4 —a A A

Process radelsare used byengineers to predict the speed and reach of these hazardous movements
in complex terrainThe preparatiorof hazard maps is a primary applicat. Themodels areespecial-
ly helpful when proposingechnicalmitigation measures, such a@sms and embankments or rockfall

1
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protection barriers The modelsallow hazardengineersto optimize limited financial resourceds/
studyingthe influence ofdifferent hazard scenariosn defense options

1.2 RAMMS

The RAMMSRApid MassMovementsSmulation) software systentontains three process modules:

1 RAMMSAVALANCHE
1 RAMMSDEBRISFLOW
1T RAMMSROCKFALL

The RAMMS:¥ALANCHEBEnd RAMMS::EBRISFLOWodules are designed for flophenomena
containingfast movng particulate debri®f snow and rockdn the avalanche module, the interstl
fluid is air, whereas in the debris flow module timerstitial fluid is mud.The RAMMSAVALANCHE
and RAMMS::EBRISFLOWodels are usetb calculate the motion ofthe movement frominitiation

to runout in threedimensional terrainThe models use deptAveraged equatios and predict the
slopeparalld velocities and flow heightS.his informaion is sufficient for most engineering applica-
tions. Information in the slopgerpendicular direction (e.g. mass and velocity distribution) is lost;
however, this is seldom of practical intereBoth modelsrequire an accurate digitabpresentation
of the terrain Engineers specify initial conditions (location and size of the release arasdgjiction
parameters, depending on terrain (e.g. roughness, vegetation) and materiak(ag, ice or mud
content of the debris floy

The RAMMS::RCKFALModuleis used to study the rigid body motion of falling rocks. The model
predicts rock trajectories in generdiree-dimensional terrainRock trajectories are governealy the
interaction between the rock and ground.he modelcontainssix primary state variabk: three
translational speeds and three rotationaglacities of the falling rockk-rom these, kinetic energy,
runout distance and jump heights can be deriv€eneralized rock shapase modeled.Rock orien-
tation and rotational speed are includea ithe rock/ground interaction.The RAMMSROCKFALL
module is therefore fundamentally different from the RAMMSNMALANCHE and
RAMMS::EBRISFLOWodules because it is based on hanwhtact, rigidbody Lagrangian mechan-
ics not Eulerian flowmechanics.It also difers from existing rockfall modules because the
rock/ground interaction is not governed by simple rebound mechanics, but frictional (diss)pativ
rock/ground interactionsThese govern the onset of rock jumping. The RAMNIECIR-ALInodule
predicts all rigiebody motionsg rocksliding, rolling, jumping and skipping.

In all RAMMS modules, ew constitutive models have been developed and implemented, thanks to
calibration and verification at full scaletest sites such as St. Léoard/Walenstadt (rockfall, mitiga-
tion measures)Valléede la Sionne (saw avalanchesand lligraben (debris flow).
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1.3 Learning by doing

This manual provides an overview of RAMMSALANCHEXercises exemplify different steps in

setting up and running a RAMMS simulat@specially ircChapter3@ S G G A y 3  dzLJHbwey- A Y dzf I (i
er, to get the most from the manual, we suggest reading it through while simultaneously having the
RAMMS program open, learning by doildge assume RAMMS users to have a basic level of familiari-

ty with Windowsbased programs, commands and general computer terminolégy.do not de-

scribe he basics of windows managemefstichas resizing or minimizing). RAMMS windows, click

options and input masks are similar to othé&findows based programsand can be used, closed,

reducedor resizedin the sameway.

DISCLAIMER

The RAMMSsoftware models are provided "as is" without any warranties, express or img
RAMMS AGnakes no representations or warranties of any kind, including but not limited to the
curacy, reliability, completeness, or suitability of the models for any particular purpose

Users of theRAMMSsoftware models assume all risk associated with the us¢hese models.
RAMMS AGhall not be held liable for any loss, injury, or damage resulting from the use or rel
on these models, including but not limited to personal injury, property damage, or financial loss

The RAMMSsoftware models are intendetb supplement, not replace, the judgment and experti
of professionals in the fields of geology, engineering, and hazard management. Users should
solely on the models for making decisions related to hazard mitigation, land use planning, or
gency response.

In no event shalRAMMS A®e liable for any indirect, incidental, special, consequential, or pun
damages arising out of or in connection with the use or performance oRkMSsoftware mod-
els, even if advised of the possibility othudamages

Users are responsible for ensuring that their use of REMMSsoftware models complies with a
applicable laws, regulations, and standarBAMMS AGloes not guarantee that the models me
any regulatory requirements or industry standards

RAMMS AGnay, at its sole discretion, update, modify, or discontinue MM Ssoftware models
at any time without notice. Users are responsible for ensuring that they are using the most ¢
version of the models.

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

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

info@ramms.ch
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2.1 Systemrequirements

We

recommend the following minimum system requirements for running

RAMMSAVALANCHE

1

Operating Systens. Windows 10 and higher(64-bit)
32-bit systems (Win XP) are not supported anymore
RAM(memory): 4 GB(more recommended)

CPU: >1 GHzcBres or more recommended
Diskspace ca. 220 MB needed for the software

2.2 Installation

Please download the RAMMSAVALANCHEsetup file damms user_setup 64.zép from
https://www.ramms.ch/rammsavalanche/{Downloadsat the bottom of pagg

Pleasedo the following steps beforéeginningto install RAMMS:

1

1
1

=

Clickon the path givenabove or copy the path to any browser. Awindow pops up andthe
automatic downloadof the file ramms _user_setup_64.zigtarts after clickinyes

Unzip the file to a temporary location.

You must have Administrator privilegeson the target machine. If you do not have such
privileges,the installer cannot modify the system configurationof the machine and the
installation will fail. Note that you do not need Administrator privilegeso run RAMMSaf-
terwards.

Readfirst, install afterwards! Pleaseread the whole installation processonce, before you
beginthe installation

{ G NI rankS<vérsioh>8serdsetup 64.exed
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Step 1: Welcome

The welcomedialogintroducesyou to the Englishsetupprogram and willguide you through the
installation process. Clicklext to continue.

=10

RAMMS Welcome to the RAMMS Installation!
1.5

~
” This setup program will install RAMMS on your computer. Click
3 Cancel if vou do not want to install this application. Click Next to
o continue the installation.

WrARMING: This program is protected by international copyright
law and treaties,

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

Createlnstall Free
Mext = | Cancel |

Figure2-1: Installation- welcome dialog window.

Step2: Readme

Short introduction to RAMMSClickNextto continue.

‘7 Installing RAMMS = %
Readme i?lll.k
Flease read the following information.
RS
RAMMS 1.6.20 (Rapid Mass MovementS) -

RAMMS (Rapid Mass MovementS) is a state-of-the-art numerical simulation model
to calculate the motion of geophysical mass movements (snow avalanches,
debris flows, rockfall and shallow landslides) from initiation to runout in three-
dimensional terrain. It was designed to be used in practice by hazard engineers
who need solutions to real, everyday problems. It is coupled with a user-friendly |=
visualization tool that allows users to easily access, display and analyze
zimulation results. New constitutive models have been developed and
implementad in RAMMS, thanks to calibration and verification at full =cale tests at
sites such as Vallée de la Sionne (snow avalanches), Illgraben (debris flows),
eltheim (hillslope) and St. Leonard / Walenstadt (rockfall). These models allow
the application of RAMMS to solve both large, extreme awvalanche or debriz flow
events as well as smaller mass movements such as hillslepe debris flows and
shallow landslides.

[ < Back ] [ Next = ] [ Cancel

Figure2-2: Installation- Readmedialogwindow.
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Step 3: Acceptingthe licenseagreement

Readthe licenseagreementcarefullyand accept it by activating the checkbox in the lower left
corner. Ifyou do not acceptthe licenseagreement,you are not ableto proceedwith the installa-
tion. After acceptingthe licenseagreement, clickNextto continue the installation.

7} Installing RAMMS = EY

License Agreement >Lﬁ’|.1k
To proceed with the installation, you must accept this License :,;-]

Agreement. Please read it carefully. /{EF

RAMMS - General License Agreement

Fleaze read the following general licence agreement carefully. If you do not
agree with the conditions, do not install the RAMMS zoftware. The licence fee will
be returned to you. By installing the RAMMS software, you accept the following
contract conditions.

A. PROGRAM RAMMS

1. RAMMS iz a program developed by the WSL Institute for Snow and Avalanche
Rezearch SLF. The functions of the program are described in the handbook

delivered with the program.
2. RAMMS and the handbook are protected by copyright. All rights are reserved

by WSL/SLF.

[¥]1 agree with the above terms and conditions

’ < Back ] ’ Next = ] [ Cancel ]

-]

Figure2-3: Installation- licenseagreementdialogwindow.

Step 4: Select destination directory

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

7} Installing RAMMS = £
Destination folder ﬂjll.,‘c
Select a destination folder where RAMMS will be installed. a;-l

Setup will install files in the following folder.

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

DW&HE\

( C:\Program Files ()cSG]\RAMMS) Browse...

Space required: 218.52MB

Space available: 4.76GB

’ < Back ] ’ Mext = ] ’ Cancel ]

Figure2-4: Installation- destination directory dialogwindow.
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Step 5: Installing the files

RAMMSSs copying the filesto the destination location. The window shows théstallation pro-

gress.

Q Installing RAMMS

Installing Files
Copying RAMMS files to your computer.

i |
St

To interrupt or pause the installation process, click Cancel.
Directory: C:\Program Files (x86)\RAMMS\bmp
File: LOGO.BMP

Figure2-5: Installation- installingfilesdialogwindow.

Step6: Finishedinstalling the files

RAMMSinishedcopyingthe files. ClickNextto finishthe installation process.

:;j Installing RAMMS

Installing Files
Copying RAMMS files to your computer.

EEE |
ve ]

XL

Click Next to continue the installation.

[

Next = ] [ Cancel ]

Figure2-6 : Installation- finishedinstallingfilesdialogwindow.
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Step7: RAMMSinstallation finished!

RAMMSsuccessfullfinishedthe installation. Clickinish

S T
Mﬁ"ﬁ, RAMMS has been successfully installed!
':'._ 1-5 :
iy
i "\' - Click Finish to complete the installation.

A]"L,k;

Createlnstal] Free

Figure2-7: Installation- finishedinstallation dialogwindow.

Step8: Welcometo IDLVisual Studio Merge Modules

To ensurethat all important systemlibraries are installed on your target machinefollow the in-
strudions below:

The welcomedialogintroducesyou to the Englishsetup program and will guide you throughthe
installation processof the IDLVisualStudio Merge Modules. ClickNextto continue.

i IDL Visual Studio Merge Modules - InstaliShield Wizard X

Welcome to the InstallShield Wizard for IDL
Visual Studio Merge Modules

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

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

[ Next > ] [ Cancel ]

Figure2-8: IDLVisualStudio Merge Modules- welcomedialogwindow.
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Step9: Readyto install the program

ii& IDL Visual Studio Merge Modules - InstallShield Wizard

Ready to Install the Program \ ‘ I |

The wizard is ready to begin installation.

Click Install to begin the installation.

1f you want to review or change any of your installation settings, click Back. Click Cancel to
exit the wizard,

[ < Back ][ Install ] [ Cancel ]

Figure2-9: IDLVisualStudio Merge Modules- readyto installthe program

ClickNextto continue.

Step 10: InstallingDLVisual Studio Merge Modules
The wizard is installingthe files. Pleasewait until it is finished.

i IDL Visual Studio Merge Modules - InstallShield Wizard

Installing IDL Yisual Studio Merge Modules

The program features you selected are being installed.

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

Status:

[--------------------lII---IIIII-----II- ]

Figure2-10: IDLVisualStudio Merge Modules- installing...
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Step 11:nstallShieldWizard Completed
The wizard completedthe installation. Clickinish

i& IDL Visual Studio Merge Modules - InstallShield Wizard @

InstallShield Wizard Completed

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

Figure2-11: Installation- destination directory dialogwindow.

After havingsuccessfullynstalled RAMMSand the necessry fileson your personalcomputer,you
will notice the RAMMScon on your desktop (for all users):

&

eedialii
L A ]

Figure2-12: RAMMScon.

Additionally, a new applicationfolder is created in Start pPrograms(for all users):

1 w! aa{RIBRAMMS
1 w! a a {UniistallRAMMS

. RAMMS
€% Run RAMMS
B4 Uninstall RAMMS

Figure2-13: RAMMSrogram group

10
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2.3 Licensing

Access to RAMMS @ntrolled by a personal use license. Personal use licenses areliinited

licensestied to a singlepersonalcomputer. Thismethod of licensingrequiresa Y+ OKA Y S Q& dzy A |j
host ID to be incorporated into a licenserequestfile. After the licenserequest file issent to

RAMMS AGyou will receivea licensekey. Entering the licensekey on a personal computer ena-

bles full RAMMSfunctionalty for the ecific personal computer. Fa more information, please

visit https://www.ramms.ch Alternatively, the license can be installed on a Windows Server

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

2.4 First start

Doubleclickthe RAMMS icowor useStart lhProgramsfhRAMMSIHRun RAMMSto start RAMMS
for the first time. Whenevelyou start RAMMSthe splashscreenbelow will pop up:

IDL

Virtual Machine

Distribution Platform To Run
IDL Applications

_ Click To Continue

Figure2-14: RAMMS start window.

Clickon the image. It willdisapear and RAMMSwill start up. The following dialogvindow appears
(Figure2-15 RAMMS Licensing)

[ @ RAMMS 1.6.20 - Licensing L= J
Create perzsonal license request file:
|| LICENSE KEY:
| cancel | | ok |

Figure2-15: RAMMS licensing window

11
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ZRAMMS 1.5.01 x|

Enter USERHAME and COMPANY HAME:
Chooze EAMME module:

¥ Avalanche 1 Debris Flow

Lzermame: I

COmpanty: I

Cancel | OK |

Figure2-16: Enter user name ancbmpany name.

2.4.1 Personallicenserequestfile

Clickthe button to create your personallicenserequest file. In Figure2-16 enter your full
name and the name of your compary.

In the next dialog window, choose the destination directory of your personal license request file and
save it to your target machine. Your personal license request file should look sintigute2-17.

&} RAMMS_request_Muster Test.Ext - B¢ -10] x|
Datei Bearbeiten Format 7?
Username: Muster Test -l

Company. Test
HostlD:  0d033d4f6c09|

-

KA AW

Figure2-17: Personal license request file RAMMS DBF_request_TestName.txt

2.4.2 Getting the personal licensekey

You find order forms on the RAMMSwebsite (Full LicenseDemolicenseor Student Licengeat
https://www.ramms.ch/shop/

12
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An order confirmation emailis sent to your email addressWe then processyour order and send
you an invoice.You will find all the banc details on this invoice for a banc tran¥feu. can alspay
by credit card After we have receivedyour payment, we will send you your personal licensdey,
valid according to the license period you purchaséuir personallicensekey is named in the fol-
lowing manner:

0AV A 20151013 TestNamd&estCompanyRAMMS_TimeLicense€. Open the file in a text
editor. It shouldlook similar to

Figure 2-18 below. The filename reveals also the end date of your license period, e.g.
AHnMpmMmAamoé¢ M2016.00206 SNJ mo

Datei Bearbeiten Format  Ansicht ©

Username: Muster Test ;
Company: Test

Installation Key: AVALANCHE agjk-hmih-iklu-jk42-11h3

Figure2-18: Personal license key file RAMMS_license_Muster Test.txt

Now, restart RAMMYas explainedbefore). The IDL splash screen appe@fgure2-14) and then
the dialog window of Figure2-15 shows up (RAMMS- Licensing).Cqy the licensekey (in this
example:AVALANCHE agdjimihik1ujk42-11h3) and pasteit in the field LICENSE KEée Figure
2-15). Notice that thereis the prefix AVALANCHEhis prefix is part of the licensekey and has to
be inserted as well! If RAMMSacceptsyour installation key, you successfully finishethe installa-
tion.

2.4.3 License Transfer
if you want to transfer your RAMMEBenseto a new PCdo the following:

install RAMMS on the new PC

generate a new license request file

send us the neMicense request file TOGETHER with your old licendsyféenail
we will then send you the new license file (email)

uninstall RAMMS from your old PC

= =4 —a —a A

2.5 Update

When you start RAMMS it will automatically check for updates on the internet. This can lead to an
error message, if your firewall blocks the executatle.exe(this file starts the IDVirtual Machine

you need to run RAMMS). Please unblock this file yfour firewall. You can also disable the
AutoWebUpdatefunction by uncheckingdelp lhAdvanced..'lhAutoWebUpdate In the same way

you can enable the AutoWebUpdatenction by checkingdelplhAdvanced..I'hAutoWebUpdate

13
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3.1 Preparations

To successfullystart a new RAMMSproject, a few important preparations are necesary. Topo-
graphic inputdata (DEM in ASClbr GEOTIFFormat), project boundary coordinates and georef-
erencedmapsor orthophotosshouldbe prepared in advance(.tif format and .tfw-file, mapsand
orthophotosare not mandabry, but niceto have). Georeferencedatasets haveto be inthe same
Cartesian coordinate system (e.g. Swiss CH1903 LVO03)tlzes DEM.Polar coordinate systems in
degree (e.g. WGS84Longtude Laftude) are not supported. Fa more information about specific
national coordinate systemsplease contacthe national topographicagencyin your country.

3.1.1 Topographic data- Digital Elevation Model (DEM)

The topographic data is the most important input requirement The simulation results depend
strongly on the resolution and accuracy of tie@ographic input data. Before you staatsimulation
make sure all important terrain features are represented in the input DEM.RAMMSSs able to
processthe following topographicdata:

1. ESRI ASCII griidure3-1)
2. GEOTIFF (georeferenced informat@nbedded within a TIFF f)le
3. ASCII XYi2gular,single space datd{gure3-2)

ASCII XYZ dateegular and irregulagan be converted within RAMMS into an ASCIBEEOTIFgrid.
A wizard will guide you through the conversion process. The followitegpolation methodsare
available LINEARTr INVERSE DISTANCE

The header of an ESRI ASCII grid must contain the information &febewnin Figure3-1.

B lenzerheide_dem.asc - WordPad 8 dim-av_grid_subset.xyz - WordPad
Detel = Bearhenen) Aechtl EifOoen s former i Datei Bearbeten Ansicht Einfugen Format ?

Dl Sk M @ 2y = =
— — — Dl & M @ @
ncols 1157 e
nrovs 1070 5 679000.00 236500.00 791.33
xllcorner 163049 679002.00 236500.00 791.73
yllcorner 178911 = : 2 g
ailetze 2 679004.00 236500.00 792.07
NODATA_value -9999 679006.00 236500.00 792.58
1667.2 1666.67 1665.84 1665.16 1664.96 1665.45 1666.61 1668 679008.00 236500.00 793.01
1665.8 1665.03 1664.58 1664.47 1664.9 1666.06 1667.78 1668.9 675010.00 236500.00 793.47

1664.05 1663.9 1664 1664.31 1665.09 1666.89 1668.44 1669.28

S012. 2 . 793.
1662.43 1663.17 1663.86 1664.45 1665.78 1667.72 1669.15 1670 5191112200723 650000, 79393

1661.27 1662.33 1663.92 1665.06 1666.76 1668.91 1671.24 1671 679014.00 236500.00 794.38
1661.57 1662.53 1663.77 1666.16 1668.46 1669.98 1671.7 1672. 679016.00 236500.00 794.87
1662.89 1663.57 1664.79 1667.08 1669.38 1670.83 1672.67 1673 679018.00 236500.00 795.43
1664.96 1665.22 1665.73 1668.08 1670.02 1671.3 1674.13 167S. 679020.00 236500.00 795.96

1666.74 1666.83 1667.49 1669.27 1670.54 1672.33 1674.98 1675
1668.36 1669.06 1669.8 1671 1672.33 1673.71 1675.47 1676.45

Figure3-1: Example ESRI ASCII grid Figure3-2: Example ASCII XYZ single spax
data.

679022.00 236500.00 796.48
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3.1.2 Projectand Scerarios

A project is definedfor a regionof interest. Withina project, one or more scerarios can be speci-

fied and analyzedFa everyscerario, a calculationcan be executed.A project consists therefre

of different scerarios (input files) with different input parameters. The basic topographic input

data isthe same for every scerario. If you want to change the topographic input data (e.g.
changethe input DEMresolutionor the projectboundary coordinates)you haveto create a new
project. Other input parameters (such as release area, calculation domain, calculation grid resolu-
tion, end time or time stepcan be changedfor everyscenario

Upper nght corner %
(X max Y max) s

=
77 (r! 3 )mm'/i

Figure3-3: ThesameprOJect extent (area of mterest) canbe usedto
calculatedifferent scerrios with differentinput parameters.

3.1.3 Releasdnformation

The definition of release areas and release heights have a very strong impact on the results of
RAMMS simulationS herefore,we recommend to use reference information such as photography,
PGS measurements or field maps to draw release areas. This sleoddthé by people with experi-

ence concerning the topographic and meteorological situation of the investigation area.

Userscan use anyolygonshapefile as a release areseesection3.5.10n page38. Release areas
drawn in RAMMSre saved as polygon shapefiles and can be easily inphimt&ISSoftware (e.qg.
ArcGISr QGIl$ Shapefiles created eg. ArcGI8r QGlISanof coursebe used irRAMMS.
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3.1.4 Hiction information

RAMMSemploysa Voellmyfluid friction model, whichis basedon the VoellmySalmapproach (we
referto Salmet al. 1990[3] and Salm1993[4]).

Physicalfriction model

The physicalmodel of RAMMSAVALANCHE&sesthe Voellmy friction law. This model divides the
frictional resistanceinto two parts: a dry-Coulombtype friction (coefficient p) that scales withthe

normal stressand a velocity-squared drag or viscousturbulent friction (coefficient V). The frictional

resistanceS (Pa)is then

R ) e (3.1)
x EOE »'C A %O

Y ©0
where” isthe densty, g the gravitationalacceleration,. the slope angle,h the flow heightandu
the vectoru = (u,Uy)", consisting of the avalanche velty in the x and ydirections The nor-
mal stresson the running surface, hgO 2 &, ccanlbe summerized in a singleparameter N. The
Voellmymodelaccountsfor the resistanceof the solidphase(l is sometimesexpressedasthe tan-
gent of the internal shear angle) and a viscousor turbulent fluid phase (v was introduced by
Voellmy ly usinghydrodynamicarguments).The friction coefficientsare regponsiblefor the behav-
ior of the flow. p dominates when the flow is closeto stopping,v dominates when the flow is
running quickly.

Throughout one simulationthe friction coefficientsof a calculationdomainare constant.However,
you have the possibilty to add up to two polygonswithin the calculationdomain with different
friction parameters (seesection3.5.4¢ bwto runa Ol f O dzbnlpagasd.y é

The Voellmy friction model has found wide application in the simulation of mass movements,
especiallysnow avalanches.Fa modelingsnow avalancheghe Voellmymodel hasbeenin use in
Switzerlandfor many years and a set of standard parameters is available.

Cohesion

Since Version 1.6.20 the basic Voellmy equation has been modified to irchateesionBartelt et

al. 2015 [5]) Many materials, like mud and snow, do not exhibit a simple linear relation ¢on-

stant), seeFigure3-4. To modelyield stressyve introduce the parametelN,. With this approach it is
possible tomodel ideal plastic material$én this casé\; serves as a yield stress apé "hardening”

parameter. The new equation for the frictional resistanSes then

. LR . . —
Y "0 — p 0 p ‘0 0Q

where N is the yield stress of the flowing material. Unlike a standard Mobulomb type relation
this formula ensures tha hnwhen bothNlpnandUrbn It increases the shear stress and therefore
causes thavalancheo stop earlier, depending on the value ¥{.
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—
P

g g
~ Cohesion —
n n
a3 >0 A Visco-plastic
S . o
o .7 2 L=0
© i . ©
2 N, _-~ No cohesion 2 N,
n e n
- —— —
Normal stress N (Pa) Normal stress N (Pa)

Figure3-4: Relation between normal and shear stress. Left: Yield sigssrves to increasthe
shear stres$or higher normal pressurest low normal pressures
(small flow heightsihe shear stress increases rapidly fr@&alto S=N.
The slope ofi K Svs ¥relation remaingi, when the normal pressures are large
Right: I1fu=0, we have a viseplasic behaviour.

Curvature

Since Version 1.6.20, the normal fordé@ncludes centrifugal forces arising from the terrain curva-
ture. We use the method proposed by Fischer et al. (208R2which was specifically developed for
RAMMS. The centrifugal acceleratiis both a function of the avalanche velocity and terrainved
ture. The acceleration is calculated according to

Q o b

The matixk RS&E ONA o6 Sa GKS (GNF O]l OdzNBF GdzNB Ay | ff RA
centrifugal force is then

O "Q

which is added to the normal fordé. Typically this increases the friction, causing the avalanche to

slow down in tortuous and twisted flow paths. It can change the location of the deposition once the

flow leaves the gully. Curvature may be activated/deactivatethe Run Simulatiorwindow (tab
Param3or@Al G(GKS YSydz WI StLI M ! RAIYOSRX Tbh / dzNBI (i dzZNB Q

Friction parameters i and v

RAMMS::AVALANCHE offers a constant and a variable calculation mode. If a calculation is done with
constant friction values, of course, no terrain undulations and forest areas are considérem-

fore, we suggest to use the variable friction values if fldesp andv. @1 £ dzS§a | NB al SR |
(called MuXfiles) and can be easily imported in &@&tware(e.g. ArcGIS)

The creation ofa new MuXdile is demonstrated in the exerciseSed | 2 ¢ G2 ONBI-GS | y!
F A 6nPagedo.
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Automatic MuXi Procedure

First Step: RAMMS performs a terrain analysis, where slope angles and curvatuapalgred re-
sulting in four classification classékat, open slope, channeleahd gully, see example in Figure be-
low.

Flat
Open slope
Channeled

Gully

Figure3-5: Automatic terrain analysis in RAMM

In the next step, RAMMS uses the classification from above togethefavéht information global
parameters(return periodandavalanche volumeseeFigure3-8) and altitude limits to assign the
andv @I f dzSa

Large avalanche | > 60 000 m ) [ toovesr | 30-ear 10-Vear
Doy
[ £ 1] E 1] E

0165 SO0 [} T L¥E] oW
5L 500 (i) i) T e

[ piii] T3 pi] T 1]
3] i [ ] [ |

(¥ 1750 [ 1750 0.25 1750
6% 6.3 1560 0.57 560 |
) ,:%‘ (2] 500 LE] TS0 |
e, s [} pEL] [ |

[ 1500 0.3% ] 0. T30
5L Elii) T.1%% 06T TIEE L
S SR T8 EL T L] [NE] £

"?’ME’:’; {7 bel5 [ 3000 (AT 3000 [ 3000

f"e "0'\' i - 100-Year 5 30-Yaar . 510- gar
e - R 4 s — W |
%, w@r‘ (2 ";‘ 2 (33 pi 1] [P I 1] T am |
2 ?‘mj’ﬁ'&?f;“bﬂ T i Y T |
R |
o
A

Figure3-6: Automatic assigning @f and vvalues to grid cells

18



CHAPTERET ror! Use the Home tab to apply Uberschrift to the text that you want to
appear here: APPENDIX

Altitude limits

The default altitude limits that are used in the Automatic MuXi Procedure, are 1000 and 1500

m.a.s.l, valid for the Alps.

@“ RAMPMS | Automatic MuXi Procedure
Volume = LARGE Return period = 30 Cancel OK
(Opticnal: if empty -= default name}
MulXi name:
Altitude Limits (m.asl) 1: 1500 | 2: 1000

Above Altitude Limit 1

Open Slope - Mu:

| 0.170 | }ﬁ:| 3000 |

Fgure3-7: Altitude limits for automatic MuXi procedure

The two altitude limits can be interpreted as follows:

1 Alt. Limit 1 (higher value)tree lineof your project regiorshould be higher than this limit
T AL Limit 2 (lower value)Snow lineof your project region

Example altitude limits are provided (only suggestions, without warranty) in the table below:

Tablel: MuXi Altitudelimits, exampledor different climatic regions

Regions RAMMS Altitude Limits Climate

Tree line (m) Snow line (m)
Alps 1500 / 1000 2100 1000
Bansko (BUL) 1500 / 1000 2100 1000
Pyrenees 1700/ 1200 2200 1200
Socchi (RUS) 1700/ 1200 2200 ?
Norway (West Coast) 500/ 200 800 100
Juneau (USA) 500/ 200 700 2007
Wyoming (USA) 2000/ 1500 3000 15007
Chile (Santiago Region) 2500/ 2000 3000 2000
Himalaya (Manali, India) 3000 / 2500 3500 2000
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3.1.5 Global parameters

The friction valueg and vstrongly depend on the global parametaeturn periodandavalanche
volume (see MuXtable on page 101). Therefore,an appropriate return period has to be defined
and the avalanche volume has to be checked undput 4 Global Parameterprior to creaing a
new MuXifile (seeFigure3-8 and exercis@ | 2 gcreét®a new MuX¥ A 6nPages9).

Global MuXi Parameters

Return period (vears)
300 ©100 @ 30
Awalanche volume category

@ Large () Medium ) Small () Tiny

’ Cancel ] ’-DK ]

Figure3-8: RAMMSylobal parameters

3.1.6 Forestinformation

Forest information is not required for a successful simulation, but recommended, because the fric-
tion parameters strongly depend darest information. Forest information can be provided as:

1 ESRI ASCII grid (0: no forest, 1: forest)
1 Polygon shapefile

If no such filesre available, the user can draw a polygon shapefile in RAMMS and import it as forest
information (see sction3.5.30n page4?).

3.1.7 Calculation parameters

Calcuhtion parameters such as output hame, simulation grid resolution, end time, time step etc. can
be changed interactively in the RAMNREN Simulation Widget
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3.2 Preferences

You carset your RAMMS preferences and place the necessary DEM (Digital Elevation Model) files as
well as theforest files, maps and georeferenced orthophotgsu wish to use in the appropriate
folders defined in the preferences s&ggure3-9 and Figure3-10 below. This is optional, you do not

have to use these folders.

Use Track Iy Preferencesto open the RAMMSpreferenceswindow or click the buttor &l For
resetting the general preferences ubelp! R @ y (hRé&sat General Preferences

@ RAMMS Preferences | 28 | |£
General | Ayalanche Swalanche
Working directory Nr Of Colorbar Colors 50
Map directory GIF-Animation Interval {s) |1
Cithophato directony Background Color .[D-D-D}
DEM directory I Arimation Delay (z) 0.1
FOREST directony
[Cancel] [ OK ] [Cancel] [ OK ]
Figure3-9: General tab of RAMM@&eferences ' Figure3-10: Avalancheéab of RAMMS
preferences
General Tab
Setting Purpose
Working Directory Set your working directorty ERY IMPORTANT: DO NOT USE BI
in the working directory path!
Map Directory Set the folder where you place your georeferenced digital m
(consists of atif file and a correspondingfw file (world-ile).
Orthophoto Directory Set the folder wherg/ou place your digital georeferenced orthoph
tos (aerial picture, consists of #f file and a correspondingfw file
(world-file).
DEM Directory Set the folder wherg/ou place the Digital Elevation Models (forrr
ASCII gridsee sectiord.1.1 on page2l)
FOREST directory Set the folder where you place your forddes (formats: ASCII gri

or polygon shapefile).
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AvalancheTab
Setting Purpose
Nr of colorbar colors Set default nr of colorbar colors.

GIFAnimation Interval [s] Set inteval for GIF animation images

Background Color Set background color (greyscale betweemblack and 255white).

Animation Delay [s] Set animatio delay to decelerate the animation speed.

The following exercis@&/orkingdirectoryshows how to choose a new working directory. All further
settings canbe changed in a similar mannéfhe settings are saved, until they arlkanged again
manually

Exercise 2 : Working directory

Choosing theaight working directory is very useful and saves a lot of time searching for file:
folders.

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

1 Click (or useTrack MyPreferencsor Ctrl+B to openthe RAMMS prefereres window.
1 Clickinto the field Warking directory. A windbw pops up where you can choose your new
workingdirectory. ClickOKin both windows. Do this also for other directories if necessar

[ ™
RAMMS Preferences [ = ] e oo R |
Please Select a Directory
General | Avalanche 4y Local Disk (D7) B
4 ",‘1: buehlery
P . . > L. ADMIN
1l'|i||:|r|":irlg dll'E-'l:-'tl:lﬁr D J:'UEHEWHAMMS > |, avalanch_mapping
Map directory D-\buehlery\RAMMS", 1 oot
= = - > 1. Bilder_privat L
Orthophoto directory | D-'bushleny \RAMMS" |  data i
DEM directary D buehleny RAMMS" = gfs-pmﬁ‘“
FOREST |j||'e|:‘t|:|r!'r j . Lawinenvideos
> Lehre
> Literatur
I Cancel J I oK I > | LMSTEIN_projects
J > my_projects
Panasonic_pictures
> Publications
Figure3-11: RAMMS preferences >l Rames
4 RernoteSensing -
{ Make New Folder ] { oK ]l Cancel I

Figure3-12: Browse for the correct folder.
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3.3 Creating a newproject
A new project is created with the RAMMSProject Wizard, shown in the exercisebelow. TheWiz-
ard consistsof four steps:

Exercise 3: How to create a new project

i CIick or Trackl'hNew...HProject Wizardo open the RAMMS Project Wizard
I The following window pops up

| RAMMS | Avalanche Project Wizard | 2 |

Project Wizard - Step 1 of 4

Project Information

Enter project name, project detailz and location of the project in
the fields below. The project name wil be used to name your
project directory and your input files. |

Project name:

Project details:

Location:

Project will be created at:

[ Cancel ] [ Previous ] [ Hext ]

Figure3-13: RAMMS Project Wizard Step 1 of 4
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Continuation of exercise 3: How to create a new project

Step 1:

I Enter a project namél)

I Add project detail$2)

I Theproject location (3) suggestedis the current working directory. To changethe loca-
tion, click into the Location field. Asecondwindow appears and you canbrowse for a dif-
ferent folder (seefigure below)

VERY IMPORTANT: Do NOT use BLANKS or special characters in the project location

1 ClickNext(4)

@ RAMMS | Avalanche Project Wizard | & |1
P;ojac:l Wizard - Step 1 of 4
Project Information
Enter project name, project details and location of the project in
the fields below. The project name will be used to name yvour il 52
project directory and vour input files. Browse For Folder ——
Project name: I Choose Project Location l
Test 1 @ |
P::::itsd:ttﬁe: | Bl Desktop o
avalanche example 2 @ i * | Libraries E
Location: » & Marc Christen
D\RAMMS\AVALANCHE Beizpiels) 3 @ 4 _"." Computer
Project will be created at: 4 .‘;, SYSTEM (C:)
DARAMMSWAMALANCHE\Beispiele\Test = DATA (D)
4 4 = 10 2
Iﬂl M IEI | Make New Folder | | oK | | Cancel |
Figure3-14: Step 1 of the RAMMS Project Wiza Figure3-15: Window to browse for a new projec
Project Information. location.
Step 2: E RAMMS | Avalanche Project Wizard x|
I Locate your DEMile (ASCIl or GEC Project Wiizard - Step 2 of 4
TIFF) Click into the corresporidg field GIS Information
I 1 Ch DEM (Digital Elevation Model) file (ASCI
to browse for the appropriate fil¢L). T e
1 The grid resolution of your DEMe is project.
shown in (2). Change the resolution, _
o q o Select DEM-file:
needed(bilinear interpolation) sim_Sm_cipCrop_v2.as 1€ o

1 ClickNext(3).
Grid Resolution

Grid Resolution (m): 5.0 2 @
3

| Cancel | | Previous | | Next |

Figure3-16: Step 2 of the RAMMS Project
Wizard: GIS Information
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Continuation of exercise 3: How to create a new project

T RAMMS shows the coordinates of your DER! (1).

1 Enter the X and Y-coordinates of the lower left and upper right corner of your project
area, using any Cartesian coordinate systeife.g.the Swiss Coordinat&System CH1903
LV03, asit isshown below for the Valléede la Sionnearea.

1

shapefile (2).
I ClickNext(3).

IR lxmn
j}om‘;]; NN Tl
/51l Upper right corner
¥4 (X max, Y max)

AR £
ik Lower left corner
(X min Y min) %

FlgureS 17' Project coordlnatés Iower left and
upper right corner of project area.

Sep 4
1 Checkhe project summary

f To make changes clickPrevious to
create theproject clickCreateProject

Project creation:

You can clip the DEMy entering new boundary coordinates or by specifyangolygon

@ RAMMS | Avalanche Project Wizard ||

Project Wizard - Step 3 of 4

Project Boundary Coordinates

Enter xmin (west), xmax (sast), ymin (south) and
ymax (north} coordinates of your project

l ¥ max (m}) NORTH
128587.5000

X min (m) WEST X max (m) EAST
532999.5000 595694.5000

Y min (m) SOUTH
125242 5000

Clip DEM with polygon shapefile

@=x

3
Cancel Previous E

Figure3-18: Step 3 of the RAMMS Project
Wizard: Project Boundary Coordinates.

£ RAMMS | Avalanche Project Wizard [ =]

Project Wizard - Step 4 of 4

Project SUMMARY
Project Type: AVALANCHE
Project Name: Test
Project Description
This is a test
avalanche example

Project Location: DRANMS\AMALANCHE\Beispigle\Test

DEN-File: DARAMMS\AVALANCHE\Beispiele\/DLS
‘wdls_dhm_Sm.asc
Grid Resolution: 5.00000

Project Boundary Coordinates:
Xmin (west): 582899.50
Xmax (east): 585694.50
Ymin (south): 125242.50
Ymax (north): 128587.50

Cancel { Previous I l Create Project "Test” J

Figure3:19: Step 4 of the RAMMS Project
Wizard: Project Summary.

9 Thecreation processcan take a while. Different statusbars will pop up and show the pro-

gressof the project creation process.
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The following fileswill be created in the project folder.

RAMMS » AVALANCHE » Beispicle » Test »
ke with + Burn MNew folder
o
Mame Date modified Type Size
doc 23.02.2017 11:46 File folder
logfiles 23.02.2017 11:47 File folder
2] dhm.asc 23.02.2017 11:47 ASC File 3'523 KB
'9 dhm.sav 23.02.2017 11:47 IDLbinaryFile 1'027 KB
|Z| Test.av2 23.02.2017 11:47 AV2 File 1 KB
\Z| Test.dom 23.02.2017 11:46 DOM File 1KB
|Z] Testuyz 23.02.2017 11:46 KV File 2'866 KB
|| Test_dom.dbf 23.02.2017 11:46 DEF File 1KB
|| Test_dom.shp 23.02.2017 11:46 SHP File 1KB
|| Test_dom.shx 23.02.2017 11:46 SHX File 1 KB

Figure3-20: Created project files

Table3.2: Listing of files and directories created with a new RAMMS::AVALANCHE pi

File/ Folder Purpose

doc (folder) Folder containinginput and output log files

logfiles(folder) Project creation and calculationlog files

dhm tif GEOTIFgrid with altitude values

dhm.sav Compressedibary altitudeinformation (used in RAMMS
\"% Input file

_.dom Calculation domain ASCII file

_.domshp Calculation domain shapefile

_.dom.shx Calculation domain shapefile

_.dom.dbf Calculation domain shapefile

_.Xyz Topographic data used in RAMMS
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3.4 Working with the RAMMS GUI

Oncethe project is created, there are severalusefultools which can be helpful when working
with RAMMSTheyare explainedin the sections anéxercisedelow.

3.4.1 Open input and output-files

The easiest way to open either inpatr ouputfiles is by using theetoolbar buttons:

Track Edit Input Show Ru

e E W S
* I

Figure3-21: Toolbar button to open an input fil&ou can also uske menu¢ NI O1 I h L
Input File

Track Edit Input Show FRo
X O S
+ _

Figure3-22: Toolbar button to openmoutput file.You can also usee menu¢ NI O1 I hl
Avalanche Simulation

RecentMenu

The menue NI O T alldv® oy tid directly open your 10 last accessed files (input and out-
put), without having to search for them.

3.4.2 Visualizing shapefiles, MXiiles anddomain-files

There are different ways to visualize your project files (shapefiles, feXidomainfiles). In the
exercise below, we will show these possibilities.

Exercise3.4a : Visualizing shapefiles, Mulflies anddomain-files

a. Filestab in the right panei

9 Click on theFilestab in the rightAVALANCHganel.
1 In the file tree below, you will see your available project f{lgslygon shapefiles, MuXi ASt
files and domain shapefiles
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Figur3-3: Files tab and available projecﬁiléf%—tre_e, dashed rcﬁ) -

apply Uberschrift 1 to the text that you want to

Genelal Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

= &3 Pobgen
L [J[E) Releaseshp
----- (][5 vdls_forest_all shp

+c

L_____

With the blue + button, files from external directories can be added
to the filetree. Refresh the tree with the refredbutton.

1 Clickthe checkboxnext to a filenameand the file will be shown in your visualizatic

~ e
oy
S
L re
oo
8
L

s

aﬂ: § o i

e

Figure3-24: Selected file (Release.shp) on the right is shown in the visualization.

Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

= Polygon
[J/E) vdis_forest_all.shp
MuXi
<3 Domain
L[F 8 Test_dom shp {input)

I You can select and visualize as many files as you like!

Shapefileproperties

9 Line thicknesscoloror linestyle can be adjusted for every individghbpdile. These proper-
ties are only saved within this RAMMS SesdRightclick on a filename and choo&hape-

file properties
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-

Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

Polygon

0 [g vdis_fc Shapefile properties

L= M30
E% M30_: Import forest from shapefile

=-£3 Domain

Release properties

Deposition analysis

Delete

g u

hfiI propertiesRelease propertiedmport forest from shapefile
Deposition analysis (only outpuahd Delete

€ RAMMS | Shapefile Pr.. X || € RAMMS | Shapefile Pr.. X || €% RAMMS | Shapefile Pr.. X
Shapefile: Releaze.shp Shapefile: Releaze.chp Shapefile: Release.shp
Color: red - Color: red ~ Color: red w

) brown
Linestyle: Dashed s Linestyle: Dazhed L Linestyle: _v
Solid orange
Line thickness: Ling thickness: | Dotted Line thickness: | yelow
lightgreen
Dash Dot green
Cancel OK Dash Dot Dot lightblue
blue

Long Dashes

Releaseproperties
I Please sesection3.5.10n page38on how to specify release area properties.

Import forest from shapefile
1 Please sesection3.5.30n page47 on how to import forest from a shapefile.

Deposition analysis
1 This function is only a#able in output mode. Please seection4.2.3on page67 on how to
do a deposition analysis.

Delete
9 Delete a file from disk.

b. Adding files to the project

You can add files to thasualization using one of these options:

§ Add data: Use the buttor¥ 2 NJ 6 KS YBRRBRz RPGLKQ G2 FRR |
file is located outside of your project directory, it will be added to the ites.
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1 Add files from folder: Use the buth ¥ (Add files from external directory) below the fil
tree to add all the files from an external directory to the fitee. These files are added du
ing this RAMMS session. After you exit and restart RAMMS, you have to add the files a

1 Drag & Dropsee next section.

c. Drag & Drop
LiQa Ll2aaAroftsS (2 5Nr3 g 5NRLI KS F2ft26Ay3

Input files (.av2)

Output files (.out.gz)
MuX:i files (.asc)

Polygon shapefiles (.shp)
Domain shapefiles (.shp)

=a =4 & -8 19

3.4.3 Hillshadevisualization

UseExtras4 Create Hillshade Image create a hillshade visualization. For this we follow the in-
structions from ArcGIS at

https://desktop.arcgis.com/en/arcmap/10.3/tools/spatk@nalysttoolbox/how-hillshadeworks.htm

to calculate the hillshade representatiaf your DEMsee Figures below.

Figure3-27 DEM surface visualizatiqwith shadowshfter creating a new project in RAMM:
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Figure3-28 Visualization after creating and adding the hillshade image to RAN

3.4.4 Changiry maps andrthophotos (aerial images)

It is possible to change the map or orthophaib a project anytime. Take into account, that the
corresponding .tfwfile (worldfile) has to be in the same folder as the actual map (.tif). If this is not
the case, tle map will not be found!

To check which map and orthophotwe currently loaded in the project, open the project input (or
output) log Project4 Input Log File Next tomap imageand ortho imageyou will find the location
and name of the loaded map amuiage respectively.

Exercise3.4b : How to add or change mapnd orthophotos

d. Add or change a map:

i Goto ExtrasihbAdd/Change Mapor cIick_El.
9 If more than one map is found, the followingwindow pops up, listing the mapsfound:
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@" Choose image - ) ‘ &l
LS
| Cancel | ‘ Load selected image |
Found several possible image files... Percent | X-Dim ¥-Dim  |Size (I.|B)|
o 100 2456 3256 224258 »
1 DARAMMS\MapsiVDLS.tif 95 2400 3200 168403
2 DARAMMS\Maps\VDLS_BIG tif 100 5593 4793 53.5005
3 DARAMMS\Mapsitest tif 100 2192 T2 334188
4 DARAMMS\Mapsivdis-bigbig tif 100 4060 4880 479636
5 DARAMMS\Mapsivdis_klein.tif S0 1864 1580 1.58750
[:3 DARAMMS\Mapshvdis_small tif 100 2192 mz 334166
7 DARAMMS\Mapsivdis_small2 tif 50 1696 1708 184428
8 DARAMMS\Mapsivdis_small3 tif 54 1782 1738 172893 ~
4 b

Figure3-29: Window to choose map image.

Information on the image cover ratio (Percentynage dimensions(X and Y-Dim, pixel)
and size(in MB) are providedand might be a selectioncriterion.
I Selectthe map you wishto add and clickLoad selectedmap.

e. Map not found
f If the question "No map found, continue search?" appears, you either R 2 yh@ué anap-
propriate map, the map-folder directory is setwrong or the map is savedin a different
folder. In the second caseclick Yes and choose the correct folder. A window pops up tc
browse for the correct map location and file.
1 Or clickNoto cancel search.

f. Changeorthophotos:
1 Go toExtrasibAdd/Change Imager click i‘_;l

3.4.5 Moving, resizing,rotating, viewing

Exercise 3.¢ Moving and resizing the model

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

1 By clicking on tharrow = the model can be moved and resized.

Figure3-30: Activeproject with lines and corners for resizing.
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I To move the model without changingsizeor asect ratio, move the cursor to the

model and checkif the cursor turns to *I*. Then clickand hold the left mouse but-
ton and drag the modelto the desiredposition.

I To resizethe model without changingthe agect ratio, usethe mouse wheel to zoom
in or out. Alternativey, you can resizethe model by changingthe percentagevalue in
the horizontal toolbar & %=1

b. Terrainmodel has a dimension > 100%:

1 Allstepsexplainedabove are still possible.
i In addition to this, the white hand right next to the rotation button becomesactive as

well. Afterclickingon this so-calledview panbutton R , it is alsopossibleto move
the model.

Exercise 3.d: Rotating the model

After activatingthe rotation button ~ , the nodel can be rotated along the rotation axis,

. Other-

by moving the cursor directly on one of the axesuntil the cursor changesfrom @to &
wise a freehandrotation in anydirectionispaossible.

Figure3-31: Activeproject with rotation axes.

Exercise 3.4: How to switch between 2D and 3D mode

CIickQ] to switchfrom 3Dto 2D view. Thisbutton then changesto ﬂ and by clicking again, yo
will return to 3D view.
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Figure3-32: 3D view of example model.

Figure3-33: 2D view of example model.

In 2D mode you have all possibilitiesthat work for the 3D mode. It works for input files as well as
for simulations.Fa the following functions of RAMMSiIt is necessry to switch from 3D to 2D
view:

INPUT: OUTPUT:
1 Draw newpolygon shapefile‘E| 1 Draw new polygon shapefil‘i
I Release are'mformation|£| 1 Drawnewline profile A

a+

9 Draw new domair & I Measure distance and ang =

*+

1 Measure distance and ang “

3.4.6 Cobrbar
Assoon as a parameteris shown in the project, the colorbar appearsin the panelon the right

sideof the main window. It can be turned on and off by cIickingonE.
The cobrbar can be moved anywhere in the screen(and canget lost). UseProject ' Get
Colorbarto find a lost colorbar.

Exercise3.4f: Editing the colorbar

Changingthe minimum and maximumvaluesof the colorbar as well as changingthe number
of colors usedis done in the panelAVALANCH(Eght of the map window)

- MIN/ MAX | COLORS ————— TRANSPARENCY / CONTOURS ——
Max: o Transparency %
Gl > 0@

w oo jo @D
n m 0 Simulation Centour Lines
Nr of culurs 0 @ X ﬂ @

Figure3-34 Colorbar and visualization properties

1 1) Simplytype a new value into the respective field and hit the return key on the key
board. The display wilhen be refreshed.
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1 2)Toview the underlying topography or image, you can change the transpalsney-
tering a value or moving the slider.

I 3) Simulation cotour lines Contour lines of simulation results can be visualized.
Default contour levels are:
- Flowheight (m): 1.0 2.0 3.0 5.0 10.0 (H_CONTOUR_LEVELYS)
- Velocity (m/s)1.0 5.0 10.0 20.0 30.0 40.0 5@ CONTOUR_LEVELS
- Pressure (kPa): 1.0 3.0 10.0 30.0 100.0 (P_CONTOUR_LEVELS)

RO Megeln 2B ANDO e FVE 006 |l

4| DEBRIS FLOW

PARAMETER: Flow height (m)

r MIN | MAX | COLORS

- TRANSPARENCY | CONTOURS —

MAX o Transparency %
< >
m o Simulation Contour Lines
COLORS [i] 2 %X @
- Various
Files  General Volumes Region
Shapefiles, MuXi-Files and Domain-Files
=+ |C
=-4z3 Polygon
¢ =& A_Hydrograph_Rel shp
| @ Barmiers.shp
121 bia.sho

Figure3-35: Simulation contour lines

You can change these contour levels by adding the following lines in the Add. Prefdlences
fore the END tag):

Example:

H_CONTOUR_LEVELS 0.51.01.52.0
V_CONTOUR_LEVELS 5.0 10.0 50.0
P_CONTOUR_LEVELS 3.0 10.0 30.0

Changing colorbar color and position:

1 Open the editing window by either choosir § coorbarproperties (=B B |
) i . i i T Colorbar
Edit p Colorbar Propertiesor clicking in e
the vertical toolbar. Coor___[Jes0255259
1 To change the colorbar properties simply cl Minorticks |3
0 . . Tick interval [0
into the field you want to change, then cli€K Tte Reiease heiht )
Text color |:|[255.255255}
Text fort Helvetica
f  Under Edit Iy Colorbar White Colothe text- Totae _ome
color of the colorbar can be changed to whit
This can be useful when aiging the back- | o |

ground color of your projecto white Tracklh
Preferenced b Avalanche Tab p Background
Color.

oo o§{(f @ P\ I P
Figure3-36: The Colorbar Properties
window.
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3.4.7 How to saveinput files and program settings

Oncea project is created, it is savedunder the name and location you entered during step 1 of
the RAMMSAVALANCHErojectWizard (seeFigure3-13 on page23). The created input file has
the suffix*.av2.

The secondituation,in which the input file is savedautomaticaly, is when a calculationis strt-
ed. Thesavedinput file hasthe samename asthe created output file.

Exercise3.4g: How to save input files and program settingsmanually

a. Input file:

1

1

In case you want to save the input file manually before runningleulation goon Track
Save This is helpful whea releaseareawas loaded but you wish to close the project
before doing the simulation.

If you wish to save a copy of your file undereav name, gdo Trackl'hSave

Copy Aor click .

A window pops up to choose an old file which should be overwritten or to type in a ne
name, then cliclsave

b. Programsettings

1
1

If you have moved and/orraotated your project for a better view, you cansavethis po-
sition by goingon ExtraslhSave Active Positian
You cannow get backto this position anytimeby choosingextraslhReload Position

Exercise3.4h : How to open an input file

Goto Track ThOpenInput File, click® or useCtrl+0,

Awindow opensto browsefor a avalanchenput file (*.av2).

ClickOpen after the file name wasseleted.

The project will be opened.

Alternatively, you cardrag & drop the input file from your windows explorer onto tl
RAMMS GUI.

=A =4 —a -8 9

Exercise3.4i : How to visualize ashapefile

= =4 —a

To load a shgpefile goto GISIHAdd data or click ﬂ

Awindow opensto browsefor a shapefile (*.shp).

ClickOpen after the file was selected.

Alternatively, you cardrag & drop theshapdile from your windowsexplorer onto the
RAMMS GUI.

36



CHAPTERET ror! Use the Home tab to apply Uberschrift 1 to the text that you want to
appear here: APPENDIX

Exercise3.4j : How to open an atput file/ avalanchesimulation

Goto Track MhOpen...MAvalancheSimulation click'_"ﬂ or useCtrl+A

A window opens to browse fomaavalanchesimulation file (*.out.gz)

ClickOK

The simulation will be opened.

Alternatively, you camlrag & drop the output file from your windows explorer onto the RAM
GUL.

= = =] = =

3.4.8 About RAMMS

Someinformation about the RAMMSinstallation on your computer is found here: Help ' About
RAMMS If you click on the Inf@utton left of the OKButton, RAMMS will display the
RAMMSLicense Agreement.

€ About RAMMS X

RAMMS Version 1.8.0 64-bit
for Windows 8/10/11, 64-bit

This product is licensed to:
Username: Marc
Company: SLF

Licensed modules:
AVALANCHE - Expiration Date: 14.04.2025
DEBRIS FLOW - Expiration Date: 14.04.2025

Restricted Rights Legend:
Use, duplication or disclosure of this software is
subject to your license agreement with WSLISLF.

October 2022, SLF Davos Switzerland.

Copyright (c} 2010-2022 by SLFEAVSL:
Marc Christen, Perry Bartelt and others

o OK

Figure3-37: About RAMMS
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3.5 Running a simulation

To run acalculation or a specific scenario within a newly created project (creating a project see
section3.30n page23) it is necessario define

1 release are¢s),
9 a calculation domain
T YR FTNAOGAZ2Y LI NF¥YSGSNBR x YR V

The definitiors of release areés) and release heights as well as the set of friction parameters p
|y Fhave a strong impaain the results of RAMMS simulatis, the definition of a smaller calcu-
lation domain is especially useful to keep the number of calculagiich cellsas small as Esible.
The exercises below show you how to create a release area, a calculation domain andféeMuXi
Details on the friction model used in RAMMS::AVALANCHE are gaestion0. on pagel6.

3.5.1 Release aregs)

There are diffrent possibilities to includeelease areés) into the project.Since Version 1.7.0 it is
possible to specify more than one release shapefilee following table gives an overview of the
possibilities RAMMS offers. For further explanations see the exercises below.

Create a new release argpolygon shapefile) | If there is no release area available for your p
ject, or you wish to create a new one, switch
2D modeand click4®! (Draw new polygon shape
file)

Openan existingoolygon shapefile Use the filetree in the right-hand panel Fileg
and click the shapefile you want to visualize.
use theW! RR bRtloni¥ & menu to visual-
izea shapefilefrom another source

The definitiors of release areas and release heights have a very strong impact on the results of
RAMMS simulationsCheaefore, we recommend to use reference information such as photography,
GPS measurements or field maps to draw release areas. This should be done by people with experi-
ence concerning the topographic and meteorological situation of the investigation arlemsReare-

as can only be drawn in 2D mode.
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Exercise3.5a: How to createa new releasearea(polygon shapefile)

Switch to 2D mode by clickiLi’iJ.

Activate the project by clickingon the maponce.

Click4®! (Draw new polygon shapef)le

Click into theproject where you want to sta drawing the outline of the releaspoly-
gon.

I Continue drawing the release polygon by moving the cursor and clicking thadefte
button.

= = =] =

I To end the release polygon, click the rigmbusebutton. The polygon will belosed au-
tomatically.

3 - X
Figure3-38: Drawing a new release are

Before the release area is created, you have to answer atmstions:

1 Add morepolygonareas?
You can either answer witfesand create a second release polygon as explained
above or answer wittNo and continue with the next step.

i Choosea newpolygon shapéle name:
Entera new name for thgpolygonarea

Thepolygonarea will now be created and opened directly, as well as the colorbar
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Exercise3.5b : How tovisualizean existingreleasearea(polygon shapefile)

Visualize shapefiles by clickitige checkbox next to thélenames in the fildree (1, right pan-
Stuz dzaS GKS XorERy &Rdrop $hapefi@)daimitide Windowsfile explorer
onto the RAMMSopography.

€5 RAMMS:AVALANCHE 1.7.0 - [EARAMMS\AVALANCHE\Beispiele\ Test\Test.av2] - m} X
Track Edit Input Show Run Results GIS Extras Project Help

o W e oo xOMedert 2 [y ANDoce U FViE @@

~ 4| AVALANCHE

PARAMETER: Flow height (m)

Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

=)-&£3 Polygon
-[] /8 Releaseshp
-1 vdis_forest_all.shp

-3 MuX
&#)-{Z Domain

@ B AueEss

®

@
1
B
3D
N
@ < > < >
< >
IXYZ-coordinates in lower right status bar ~ [X: 595404.97 Y: 127318.54 Altitude {m): 1570.83

Figure3-39: How to visualize polygon shapefiles

In Figure 3-39 we selected two polygon shapefile8Rel.shp consisting of three polygons, and
2Rel.shpwith two polygonsFor every polygon, we can specify a release depth and/or release delay.
Not every polygon must contain a release depth, only the ones we want to release, see exercises
below.

Oncepolygonaregs) arecreated or loaded, you have to specify the release hégjhbwitch to2D

mode, chooselnput NlHRelease area.lhDetails/Editrelease areaclick the button or right-click

the polygonshapefile in the FileSab and choos®elease propertiesand choose the release area
polygon by selecting it with the left mouse button. The appearing winfeigure3-40) yields infor-

mation about release area, mean slope angle, mean altitude and estimated release volume. And,
most importantly, the release height can be entered, see exercise b&aovihis for evey release

area you wish to release. You can specify one release area, or multiple release area(s), see exercise
below.
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Exercise3.5¢c : Specifyreleasedepth(s)and view releasenformation

Switch to 2D mode by C|iCkiL$,‘2|.

Activate the project by clickingon the maponce.

{ Click on theView/Edit release areautton #* (1), chooseL y Lddz(i T w SHdSH ar
Details/Edit release arear right-click the filename and chooselease properties.

I Then clickinto the release area you want to get information ¢2). A red polygon is

drawn around the selected release ardéne following window appears

Track Edit Input Show Run Results GIS Extras Project Help @

o0 m S <o~ RO{"%—uU@&;; ANTOo ¢e M BVE 8@ e

~ 4| AVALANCHE

PARAMETER:

& € RAMMS | Release Info
a2 files  General Display Volumes Region
Release area information

Mean slope angle (*): 41.03
Mean altitude (m): 244014

105425.0

Shapefiles, MuXi-Files and Domain-Files

LI

O @ vdls_forest_all.shp
[1/8] _domshp

[1/2] Marc.shp

18] M30_mu.asc (nput)

Incl. area (m2): 140295.0
[18] M30_xdasc

5
Release volume (m3| T0147.51 !
main
Release depth d0 (m) g [E] Domain_dom shp
f8 | @ Marc_dom shp

[1[8] Shape_Domain_dom shp
[1[E] Test_dom shp input}

Proj. area (m2):

[ secondary 0

< > < >

O % Eog B @ @ ES =% <

€ >

Click to edit and get info about release shapefile. (X 59340129 Y: 127800.74 Altitude (m): 2512 45

Figure3-40: View/Edit release area

I Enter a release depth in the fieRelease depth dO (mJhe corresponding release volume
updated automatically.

1 Additionally,the following release area parameter are showmean slope angle, mean alt
tude, projected area and inclined (real) area

1 A releasedelay in (syan be specified in the last line, see next Figure.

Remark: The estimated release volume is very accurate for the grid resolution of your input p
If you calculate a different simulation resolution, the estimation can differ from the calculate
lease volume.

In Figure3-40 we selected the northermost polygon of the shapefil@Rel.shand assigned a
release depth of 0.5m.
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[ SGQa | &aAa 3 ysecbndaFaialdricke feledd& brie &f the polygons iBRel.shp

Therefore, we again click ¢* (1) and choose the middle polygon of 3Rel.gBp seeFigure
3-41below. We then specify a release depth of 0.3m and a delay of310s

Track Edit Input Show Run Results GIS Extras Project Help @

AR WS o RO Fe A [0z v] ANDo¢e M Ve @@

~ 4 AVALANCHE

*
PARAMETER: =
= @ RAMMS | Release Info
@ Fies  General Display Volumes Region
=) Release area information
@ Shapefiles, MuXi-Files and Domain-Files
= Mean slope angle (*): =] £3 Polygon
¢ [/ =1 2Bel chp
Mean attude (m): - A=) EEE|
|| Z] Releaseshp
o5 ) [J1E) vdis_forest_all.shp
Proj. area (m2): [J/E _domshp
[J/E Marc.shp
Incl. area (m2): 5] £3 MuXi
@ i [J/E M30_mu.asc (input)
: ] [J/E M30xdiasc
Ol =-£3 Domain

= i
Release depth do (m| 0.30 E] Domain_dom.shp

& [J/E) Marc_dom shp
@ [ Shape_Domain_dom shp
: [J& Test_dom.shp (input)
B. @ Secondary Delay (s), 0 [_E:] Mo sbp
[J/8 Shape_Domain.shp
Cancel OK

3) o . ) 21

® ° e =
3 >

(Click to edit and get info about release shapefile. X: 593395.50 Y: 127204.72 Attude {m): 2360.04

Figure3-41: About
We do not specify eelease depth for the last polygon of 3Rel.shp.

In a next step we can specify a release height for one of the two polygons of shapedilshp
see below.
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@ RAMMS:: AVALANCHE 1.7.0 - [EARAMMS\AVALANCHE\Beispiele\Test\Test.av2] - m} X
Track Edit Input Show Run Results GIS Extras Project Help

Sod m & o xOoMmMefgehZ o ANDo¢e M BVie @@ [k

~ 4 AVALANCHE

%

PARAMETER:

Fies  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

[]E) Releaseshp
[J[8 vdis_forest_all.shp
“[JE _domshp
-[][E) Marc.shp

: - N 1 i [JE M30_mu.asc (nput)
e > Ul “[J/E M30xdasc
- ) ¥ =& Domain

@ B Fiem<s «

& Om Marc_d;mshp
@ [1/8] Shape_Domain_dom shp
] [J[E) Test_dom.shp nput)

B} & Marcshp

&) Shape_Domain.shp

3D 3 ? _ ‘ ; v

Q- T >
. >
XYZéoordihéteQ in lower ﬁgﬁ status bar D( 595467.09 Y: 127430 .40 Attitude (H): 1599.05

Figure3-42: About
4| AVALANCHE
PARAMETER:

Fles  General Display Volumes Region

Volume and Release information

Proj rel area (m2)
Incl rel area (m2}
Release volume (m3)
Release mass (1)
Density (kg/m3)

Edit release area

Figure3-43: Release area and volume information

Additional release information is found in tleralanche panetabVolumesseeFigure3-43 above
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3.5.2 Calculation Domain

To reduce calculation time/ou can specify a smaller calculation domain to reduce the number of
computational cells. By analyzing a calculation with a coarse grid (large cell size), e.g. with a cell size
of 5 or 10 m, you get an idea where the flow path is situated and you cartientalculation domain

to the area of interest.

Switch to2D modeand choosenput Iy Calculation Domain..I'h Draw New Domainor click <.
Now you can draw a polygon containing the area of intesistilarto drawing a new release area
(seed S O (iRekabe aiigaf on page38). We strongly recommend using smaltslculation do-
mains especially if you calculate with small cell sizes (e.g. < 5m).

1.280x10"

s
b

1,275%10° g}q y

1.270x10° i

1.265x10°

1.260x10° [}

1.255x10° > 7
Al ‘l?r /‘

5.935x10° 5940x%10° 5945x10 5.950x10"

Figure3-44: Calculation domain in green encloses the area of interest and reduces calculation tim
comparison with thedefault rectangular domain wbinis automatically generated.
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Exercise3.5d : Finding an optimized calculation domain

9 Open your input file.
i Draw a rough calculation domain as explained abgeeFigure3-45 below.

= —a -

Figure3-45: Input file with bigcalculationdomain

Do a rough calculation with a simulation resolution of 10m. Use congtantx values

of e.g.u=0.2 andx=2000.
Wait for the simulation to finish. The simulation result will be displayed.

Click theMax FlowHeightbutton ®

Figure3-46: Max Flow Height of a 10m simulation with constant mu and xi

ClickGIS4 9 E LI32A\Tréate Envelope Shapefile
A question pops ugJse buffer?
ClickYes We wantto use the envelope shapefiles acalculation domainand therefore

we want to buffer it a little bitClickNo if you want to have the exad&nvelope Shape-
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file of your output result. Beware: the Midalue of your colorbar will be used as the
lower limit for theEnvelope Shapeflle

Choosea filename for the envelope shapefile (a name is proposed).
The creatéd envelope shapefile shownin the visualizatioras a dashed red line.

= A

Figure3-47: Envelope shapefile of Max Flow Heightent

1 Switch back to the input fileh

 Uselnput4 / I f Odzf I G A 2yLoad EXGting Yomaito load your envelope
shapefile as new calculation domain, séegure3-48 below.

Figure3-48: Input file with optimized calculation domain (envelope shapefile)

9 Now redo your simulation with a simulation resolution of 5m and a MilXi
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E
-
=
=)
‘D
=
3
=

Figure3-49: Max Flow Height result of a 5m simulation with variable Mili

1 In this example, the much smaller new calcidatdomain save§0%!!!!! of the
computational time.

353 CNAOGA2Y LI NIFYSGUSNBE x FyR Vv

Forest area

It is sometimesnecessary to take forest areas into account, when running a simulation with variable
friction LJ- NJ Y S (i S NIBewars: If yoyrRcenahods an extreme scenario, then it might not be
appropriate to use forest information, as a forest woulddmmpletelydestroyed by an extreme ava-
lanche.

There are different ways to consider forest information:

(1) Import a digital forest file (ASCII grid or forest shapefillselnput 4 C 2 NB4 linport
Forest fromSHAPEFILdE Input 4 C 2 NB4ilimport Forest fromASCII Grid.
(2) Draw a forest file manuallySee exercise below.

Exercise3.5d: How to create & OREST file

Switch to 2D mode by C|iCkiL%a|.

Activate the project by clickingon the maponce.

Click4®! or choosdnput 4 Polygon Shapefil® 4 Draw NewPolygon Shapefile

Trace the forest outline by creating as many FOREST area polygons as necessary (g
ceed as irsectionéRelease arggg 2 Yy 39 .Andrfame your neviorest shapefile ac-
cordingly. The shapefile will be shows a red dashed line in the GUI.

1 Then rightclick the shapefile in the Fildsee and choosémport forest from shape#g|

=a =4 -4 A
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see below.

want to

Fles  Gemeral Display Volumes Fegion

Shapefiles, MuXi-Files and Domain-Files

=1-£5 Polygon

..... D @ profile shp

..... [1E] Release.shp

..... 1 E] secondrel shp
..... [E] Teest.shp (input)

Shapefile properties

Release properties

=423 Domain Deposition analysis

-] E| Dorfb

@ dom_dom shp {input)

Figure3-50: Import forest from shapefile

9 You are asked, if you want to import the created FOREST file into your projecye§lick
if you want to use the newly created FOREST (ignore the next point in this case). Othe
wise clickno and import the FOREST file later, as explained in thepuamt.
f Import the new FOREST shapefile: Chdopat 4 C 2 NB4 linport Forest Area from
SHAPEFII|_Ehen select your FOREST shapefile.
1 This new FOREST information is not automatically taken over in existingfildsXi
Therefore, recreate existing Mufflies if needed. If you create a new Mde with In-
put4 CNA Ol A 2 Y Crehtd ndzBMuXi File (Automatic Procedurte forest will

now be considered.
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MuXi-file

In RAMMS::AVALANCHE you can automatically genarate | file based on topographic data
analysis, forest information and global parameters. The following exercisesstmwto create and
load MuXifiles for a RAMMS simulation with variable friction parameters.

Exercise3.5e: How to create a new MuxXile

f Chooselnput 4 CNR O(i A 2 y4 Gredate debvaVXiXi File (Automatic Procedure)

or clickthe button ﬁl

1 A window pops up where you have to define an appropriate return period and check
your avalanche volume. You can also define these glod@meters underlfput 4
Global Parameterssee more information on padzo).

T In the following window (Automatic MuXi Procedure) you cauee a file name(op-
tional). If you leave it empty, then RAMMS will use a default filename, e.g. L30 (for
Large avalanche30-year return period) Unless you know better, leave the values as
they are.

@“ RAMMS | Automatic MuXi Procedure *

Volume = LARGE Return period = 30 Cancel OK

(Cptional: if empty -= default name}

Mu/Xi name:
Altitude Limits {m.a.sl) 1: 2
Above Altitude Limit 1 |
Open Slope - Mu: ¥ | 3000
Channelled Slope - Mu: ¥ | 2000
Gulty Slope - Mu: A
Flat Area Slope - Mu: 0155 | X: | 4000

Forested Area (mu=delta, xd=fix) - Mu: 0.020 | X

Below Altitude Limit 1

Open Slope - Mu: o| 2500

Channellzd Slope - Mu: 0.240 <| 1750

X X

Gully Slope - Mu: 0.310 - | 1350

Flat Area Slope - Mu: 0.170 3500

X =

Forested Area (mu=delta, xi=fic) - Mu: 0.020

Below Altitude Limit 2

Open Slope - Mu: 0.210 - | 2000

Channellzd Slope - Mu: 1500

Gully Slope - Mu: 0.330 1200

Flat Area Slope - Mu: .| 3000

X ox o= ox X

Forested Area (mu=delta, xi=fic) - Mu: 0.020
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Figure3-51: RAMMS Automat MuXi Procedure

ClickOK

If this is the first MuXfile for this project, or if you changed or removed a forest cover

or if you changed the altitude limits when entering the file name, RAMMS will start a

terrain classification. Otherwise, RAMMAI skip the terrain classification (the classifi-

cation is saved in the file muxi_class.asc in the loghleer).

T The MuXifile will be visualized after its creation. Theand Wvalues are saved in two
ASCHiles (30 mu.asc and 30 xi.asaespectively). Only the region within the calcula-
tion domain will be visualized.

I You can switch between the release area (if already loaded), and &mel vvalues in

the choose Visualization area in the avalanche panel.

= A

Exercise3.5f: How to load an esting MuXifile

f Choosdnput4 CNX O A 2 ¥ Laad dxidiBgRIuXKi File
1 A window opens to browse for an existing Mdilg.
1 Clickopenand the file will be loaded.

3.5.4 How to run acalculation

To run a calculatioyou have toopen a created project (sectiod.3), load a release area (section
3.5.]), and a calculation domaiisection3.5.2. AMuXkfile is necessary as welBelow you findwo
examples, onefor running aconstantcalculdion (constant releae height and constant friction pa-
NJ Y S (i S NJandionelfoy iBingwariable friction parameters.

Exercise 3.5gHow to run an avalanche alculation

I To run a simulationchoose Run 'y Run AvalancheCalculation or click ¥
1 The RAMMS| Run Simulationwindow opens. Before clickingRun Simulation you should
checkthe input parameters.

General Tab:

- SCENARIName

(1) Scenario output ame Choose a meaningful output filename, add parameter informatiol
the filename to recognize the output file.

(2) Save Max Values Onlfyou want to save disk space and if the max values are all you a
terested in, then use this featuréfter a simulaton finished, all ASCII files (deposition,
flowheight, max velocity and max pressure) are exported automaticEily.simulation re-
sults cannot be visualized in RAMMS

- Additional Information
(3) Project name

(4) Project info: Add valuable project info
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mation to this field € RAMMS | Run Simulation x

Params Mu/¥ Release

GENERAL SIMULATION INFORMATION

(5) Calculation domain.

- SCENARIO Name
(6) Digital elevation info Digital elevation || [wst <— 1 |
mOdeI (DEMIlIe DSaveMaxVﬂlues Only ("_Max" will be appended to the output name} 47
. . r Additional Information
- StopCriteria
. ; ) Project name: Test €— 3
(7) Momentum stopping criterdn, see sec- . 2
tion 4.2.6on page72. petals: ‘
(8) Center of mass stopping Criterion, St || .. dorer: [domansn +— 5 I
4'2'60n page72. Digital elewation info: |Te5t.xyz <+ 6 |o =
-  Remarks - Stop Criteria
(9) d 9 é O I LJS é I y- R d / u N Percentage of total momentum (%): ‘? 4’/ 7
cancelresp.start a simulation. Center-of-Wass vl threshold (mis): 7 <«

(10)Check boxRun in background Option | remarks
to run simulations in background mod: | \% 5o s s wnen 4 9
The RAMMS interface remains acti
and allows the user to start e.g. ne

simulations Figure3-52 Generallnformation

10 B |:| Run in background

Cancel RUN SIMULATION

51



CHAPTERET ror! Use the Home tab to apply Uberschrift 1 to the text that you want to
appear here: APPENDIX

Continuation of eercise 3.5gHow to run a constant avalanche calculation

ParamsTab

- Simulation Parameters
(1) Simresolution: Suggestedsimula-
tion resolution for large ava
lanches:5m. For small avalanche:
you can try better resolutions, be

| €

General Mu/% Release

PARAMETERS

r Simulation Parameters

tween 2¢5m. If your DEM resolutior Sim resolution (mi: mem: 200m €— 1
is different than your simulatior | | .. .. <« 2
resolution, then RAMMS performs . - i
bilinear interpolation. High resolu- | |~ ' 3
tion grids will extend gur calcula- Density (kg/m3): <+« 4 '
tion tlme - Miscellaneous Parameters I
0 g a stacle/Dam File: = =
(2) End time Smulation end time De- Spsiacelbam T > 0 = |
fault time = 300s. Curvatre  @on OQor 4— 6
(3) Dumpstep: The dumsstep interval
defines the resolution of the anime
tion of your simulation but has ni
effect on the simulation results
Suggested2-5s.
(4) Density: Keep the default value f
density if no further information or [ Run in background Cancel RUN SIMULATION
Eggoi\s;g)mhe SIEILS GRS Figure3-53: ParameterTab

- Miscellaneous Parameters
(5) Obstacle/Dam FileDraw polygons of areas, where no avalandélbgy should pass (house:
deflecting dams, obstacles). The flowtien deflected.

(6) Curvature:SwitchCurvatureOn or Off. Since Version 1.6.20, the normal fofdéncludes cen-
trifugal forces arising from the terrain curvature. We use the method proposed by Fiscl
al. (2012) which was specifically developed for RAMMSically, this increases the frictio
causing the flav to slow down in tortuous and twisted flow paths.
Seehttps://www.ramms.ch/rammsavalanche/frictionparameters/for more information.
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Continuation of exercise 3.5d¢dow to run a constant avalanche calculation

Mu/ XiFRICTION PARAMETERS

(1) Constant: For a calculation with constar
MuXkvalues, clickConstant. Enter p and v
valuesbelow. ChooseHelp4 RAMMS Man-
dzl t A& Kiction Parameter Table (PDBy
see friction value tablen pagel01 for an
idea ofuandv ®

(2) Variable: For a calculation with variabl
MuXkvalues(recommended) click Variable
You should have created a Mtii@ before
starting a variable MuXi calculation.

(3) Cohesion For dry avalanchesyalues be-
tween 0-100Pa are ok (suggested: 50Pa).
wet avalanches, slightly higher values (up
200Pa) can be used.

See https://www.ramms.ch/ramms
avalanche/frictionparameters/for more in-
formation.

(4) Define additional MuXi areasYou can spec
ify up to two additional polygon areas whei
you can change the MuXalues.Make sure
you have good reasons to chantie p and
vvalues there.

RELEASE PARAMETERS

(1) Filename:List of all the release shapefiles
use

(2) Volume (n¥): The estinated release volume
per shapefilasindicatedin the seond row.

(3) Depth (m):Release depth per shapefile.

(4) Delay (s):ReIgase delay per shapefiltn
GKA& SEIFYLX ST GKS
has a start delay dfOs.

(5) Total Volume(m?3): Sum of all the releas:
volumes from above.

(6) Run Simulation Button

| €

| General PXi Release

MUXI FRICTION PARAMETERS ‘?

r Friction Values

Choose Mu/Xi Mode: OCunstant @Vﬂriabﬂ— 2

2000 N
1
0.:20
Cohesion (Pa} 3

Variable MuXi File
[L30 L~

|:| Define additional MuXi areas

Shapefile 1 ' Shapefile 26— 4

|:| Run in background Cancel RUN SIMULAT

Figure3-54: Friction values Mu and Xi

€7 RAMMS | Run Simulation
General Params I'\"ISB

RELEASE PARAMETERS ‘?

- Release Information

Filename | 1  Volume |m3) Depth|m) Delay (s)
11 1! 1] 1
1 1 1
Release stb | | 71753.25: Y
i H i |
| __secondrelshpl | 12270.841 050 1 100) €D

6

\

|:| Run in background Cancel RUN SIN

Figure3-55: Release informatian
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Continuationof exercise 3.5g: How to run aavalanche calculation

Run Simulation
1 Click run simulationHigure3-55)
1 The following window appears, showing the status of the calculaB@ure3-56)
General informatia of the simulation(1), output filename (2)starting the calculatior{3), for
eveay dumpstep RAMMS outputs max floteight (Hmax) and velocity (Vmax) (4), moving
momentum (%, 5) as well as flow volume, outflow volume (if it existshantkrical volume
loss

Bl cmd.exe /¢ E\RAMMSWAVALANCHE'Beispiele\ Test\ Test.out.bat — O %

ation module!

82 elements an

8.81 m3

Figure3-56: Calculation status window
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"E:\RAMMS

Figure357: Backgroundimulation mode window.
Press any button to close the DOS window.

3.5.5 How to run BATCH calculations

If you want to start several simulations automatically (e.g. overnightgtusid O1 Ty bSg X TIh wdzy
Batch Simulationsyou can choose how many computational cores the Blsliotie should usel. (i Q &
even possible, to creater@ew directory for every singleatch-simulation.

Please do the following to prepare input files for Bagimulations:

1 Open an input file from your projecand open the "Run Simulation" windafthe big green
button on the left vertical toolbar)

1 Inthe "Run Simulation" window, dbrough all the tabs, and set all the necessary input spec-
ifications.

1 Then, hstead of starting a simulation, click "Cancel" (this will close the "Run Simulation"
window), and then click the "Sa@opy AsButton(or¢ NI O1 b { ), @dsavea L& ! &
new hput file (enter a meaningful nameav? filg.

1 Do the procedure above for every scenario you want to calculten start the batch
process and choose your input file. You can also choose input files from different directories
(projects).
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Track | Edit Input Show Run  Results GIS  Extras  Project  Help

Mew... » Project Wizard

Open... * Convert X¥7Z -> ASCIl Gnd

Close i Run BATCH Simulations

Save Ctrl+5 Run BATCH Simulation (from Folder)

save Lopy As Export ASCII Files from Simulations (Batch)
T Export ASCI Files from Simulations (frem Fo
Backup... »

Preferences Ctrl+P

Figure3-58: BatchSimulations
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4 wSadz (a

Once the simulation is finished, the simulation as well as the output logfile Rgpee4-3) are
opened in RAMMSIf you ran the simulation in background mode, $égure3-57, click any button
inside the DOS window to close the window. Afterwards, open the simulation in RAMMS manually).

125
Flow height (m)

Figure4-1: Main window inoutput mode.

If the avalanchdlows out of the calculation domain, RAMMS shows an akgguie4-2). To get reli-
able results you should enlarge your calculation dénfsee section 3.5)2

OUTFLOW detected

.' . ATTENTION!!
QUTFLOW volume detected: 3.59 m3

Please enlarge your calculation domain!

Figure4-2: Outflow volume alert.

57



CHAPTERET ror! Use the Home tab to apply Uberschrift 1 to the text that you want to
appear here: APPENDIX

58



CHAPTERET ror! Use the Home tab to apply Uberschrift 1 to the text that you want to
appear here: APPENDIX

4.1 Project information

Once a scenario within a specific project is calculatad possible to open theutput logfile(in out-

put mode) including project settings and information as well as calculation specificationscan
2LISYy GKS LINE 2SOt QR e 20z Lidd dzfABdadovs [A2showC ikifuge 4-3
opens. This window provides information about your project and is the first thing to look at after
running a simulation to check your simulation results.

o [E o ===
(1) Information on simulation time B et |

File
and resolution. Be sure the 2

Slmulatlon Stopped due tleW RAMMS::AVALANCHE RAMMS OUTPUT LOGFILE
FLUXor CENTER of MASGSth-
erWise the OUtpUt TIME END Simulation stqppe_d aﬂe_rZ.DDDDDs 1
CONDITIOanormS you’ that Real calculation time (min.): 0.06656667

your Simulation Stopped before Simulation resoclution (m): 10.0000

the avalanche reached the

Output filename: D:\Ramms\&valancheWorking_Directory\Drusatsch_test\Drusatsch.out.gz

Simulation stopped due to LOW FLUX! I

SIMULATION RESULTS

Number of cells: 13061

stopping criterdn you defined Number of nodes: 13258 2
for the Slmulatlon (See Section Calculated Release Volume (m3): 0.00000000 ._
Overall WAX velocity (mis): 0.000000
4.2.60n page72). Overal WAX ;::.'ieight (sr;}: 0.000000
Overall MAX pressure (kPa): 0.000000
(2) Information on  simul@on RAMMS: AVALANCHE 1.6.45 INPUT LOGFILE 2
results_ Date: FriFeb 12 17:16:54 2016

Input flename: O:\Ramms\Avalanche\Working_Directory\Drusatsch_test\Drusatsch.avZ

m

Project: Drusatsch_test
(3) Input logfile (sedFigure4-4). nfor

| DEM file: D:\Ramms\AvalancheWorking_Directory\Drusatsch_testiDrusatsch_testxyz
DEM resclution (m): 2.00
(imported from: D:\Ramms\Avalanche\drusatscha_dtm2m. bt}

Nr of nodes: 850630
Nr of cells: 848718

Project region extent: r 3
E - W: 786898.00 / 784450.00
5 - N: 1880594.00/ 189458.00

CALCULATION DOMAIN:
Dr\RammstAvalanche\Working_Directory\Drusatsch_testicalc_doem_1.dom

GENERAL SIMULATION PARAMETERS:
Simulation time (s): 300.000

Dump interval (s): 2.00

Stopping criteria (mementum threshold) (%) 5
Constant density (kg/m3): 300

HUMERICS:
Numerical scheme: SecondOrder
H Cutoff (m): 0.000001

Figure4-3: Output Lodfile.
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Theinput lodfile (included in the output logfile), however, can already be opened once a project is

created and before a simulation is performed.

¢CKSNBE IINB (¢2 ole&a (2
input logfile (or output logdfile, iroutput mode) <
area in theavalanchepanel ¢egion tal.

OASE &2dzNJ LINR 2SO
2NJ 82dz Oy OKSO]

. 2dz Oy 2Ly GKS LNe=2
t N22SO0 I LTheJotdowing giddowC
opens:

This window provides information about all your
LINE 2 S$puti Sp&cifications, like number of
nodes and cells, release areas, whidBvDwas
used, the loaded map and ortpbotosas well as
your global simulation parameters.

File

aSduAy3:

RAMMS: AVALANCHE 1.6.23 INPUT LOGFILE

Date: Mon Feb 29 15:24:25 2018
Input filename: D:\Ramms\Avalanche'Waorking_Directory\Drusatsch_testiDrusatsch.av2

Project Drusatsch_test
Info

DEM file: DRamms\AvalancheWWorking_Directory\Drusatsch_testiDrusatsch_test xyz
DEM resolution (m}: 2.00
(imported from: D:\Ramms\Avalanche\drusatscha_dtm2m.txt)

Nr of nodes: 850830
Nr of cells: 848718

Project region extent:
E - W. 786888.00 / 784480.00
S- N 188094.00 / 189485.00

CALCULATION DOMAIN
D:\Ramms\Avalanche\Working_Directony\Drusatsch_test\calc_dom_1.dom

GENERAL SIMULATION PARAMETERS:
Simulation time (s): 300.000

Dump interval (s): 2.00

Stopping criteria (momentum threshold) (%): 5
Constant density (kg/m3): 300

NUMERICS:
Numerical scheme: SecondOrder
H Cutoff (m): 0.000001

RELEASE:
D:\Ramms\Avalanche\Working_Directory\Drusatsch_tesf\igf_rep.shp
Release heights:

Release nr 0: 1.00m

Estimated release volume: 47252 m3

FRICTION MUX].

Altitude limit 1: 1500m a.s.1

Altitude limit 2: 1000m a.s.1

Format of follbwing parameters: [ <1000 ]-[1000 - 1500 ]-[ = 1500]

To view the project coordinates, click the regiol
tab in youravalanchepanel. The region tab lists X
and ¥Coordinates of the lower left (minimal val-
ues) and upper right (maximal values) corner (thes
are coordinates you entered when creating the
project) as well as the global minimum and max
mum altitude (Z value). Additnally, the total re-
gion area is shown (ikm?).

Figured-4: RAMMS Project Inputog file.

4 AVALANCHE

PARAMETER: Flow height (m)

Flee  General Display Volumes Region

Project region information

Xextent(m) | 5931545 |.| 5954445 |
' extent (m) | 1262775 H 1284275 |
Z extent (m) | 1376.3 H 2693.8 |

Proj area (kmz2) 3.156

Figure4-5: Region extent (XY-and Z
coordinates, totalprojectedarea).
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4.2 Visualization and analysis of results

This section gives a short overview on what is possible in RAMMS to view and analyze the simulation
results. The interpretation of the results has to be done by areexyho is familiar with the local as
well as with the topographic and meteorological situation of the investigation area.

RAMMS is a model and each model is a simplification of reality, therefore the simulation results
should not be analyzed without quéshing them. We strongly recommend that all users perform
sensitivity studies.

4.2.1 Visualize different parameters

Thedrop-down menuResultffers the following functions:

Flow Heigh@
Flow Velocity
Flow Pressure
Flow Momentum

Max values (Heigf@, Velocity\@L Pressurel@l, Momentum Shear Stregs
DEM Adaptions (Add Deposition to DEM)

Flow Analysis (Summary of Moving Mass)

Friction Valuesy, V)

Cell area ()

=4 =4 4 48 -8 -8 -8 -2 -9

These results are all visualized by a clot in the topography. Seexercisedd.2aDisplaying calcu-
lation @ | f deSodv.£
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Exercise 4.& Displaying calculation values

The maximum values of flow height, velocity and pressure give a good overview of the dimen
the avalanche You find therr]\under
wSadz Ga MXalE @It dzSa

- Max flow height/®)
- Max velocity
- Max pressure

Figure4-6: Results: Maximum values of flow height (left), velocity (middle) and pressure (ric

The flow height can be visualized exaggerated by a factor.ICEck LJ ™ ! R@I y OSRX
t NB F S NEB y Géchaxge the fectotiof the quasi 3lsualization of the flow height under the
keywordEXAGGERATION

Figure4-7: Quasi 3BVisualization of flow height (left: exaggeration 1; rigitaggeration 5).
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4.2.2 Line profile and time plot

In the horizontal toolbar you find two further functions:

M Line Profile =
I Time Ploi*™"

Line profile

A line profile is a good alternative to the color plot if the avalanche snow height, velocity or pressure
should be known at a specific location. Tgr@ph shows the currently active parameter. Every line
profile is saved in the filprofile shpin the prgect directory. If you want to keep this line profile, you
have to save it, see exerci&2bl 26 (2 RNJ & bdlowf AyS LINRFAL S¢

Time plot

This function provides a time plot at a single point. This is helpful when it is of interkabte the
values and maximum values at a specific location (e.g. at a building, dam, or a tree) through time.
Every point is saved in the fiint.shpand a pointinfo file point_info.it is additionally saved in the
project directory If you want to keep this point, you have to save it, see exeddigeHow to create

I G A Y BelowJTHe paointinfo file can be visualized W EG NI & M t 2AYyGX [H +AS$
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Exercise 4.2b: bélv to draw a line profile

a) Draw a new line profile
1 Switch to 2D mode by cIickir_szl

1 Activate the project by clicking on it once, then ¢l or chooseExtrasih t NB FAE S
New Line Profile

1 Define the line profile in theame way you specifynew release area. Finish the line profile
with a rightclick on the mouse button.

I A window opens, displaying the line profile.

- — 1780
25 — 1760
20 - — 1740

E B p —

= F - E

i B — 1720 o

8 — 1700 <

: — 1680
05 [ §

- — 1680
0.0 L .

0 20 40 80

Proj. Distance (m)
Figure4-8: Line profile plot.

- Filled greyarea active parameter (scale on left side).

- Redline active parameter (multiplied by 50) added to the tracl
profile (altitude, scale on the right side).

- Black line track profdétitude, scale on the right side).

- Bottom scale projected profile distance (in m).

1 If you change the active parameter, min or max values or the dsi@p in RAMMS, the plot
is directly updated. You can also start the simulation and then w#be time variations in
your line profile plot.

1 It makes sense to either draw a profile line perpendicular to the flow direction or draw th
line along the flow pathBasicallyevery imaginable path is possible
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Continuation of exercise 4.24ow to draw a line profile

_ELI\IHIII\\HIIIII‘\HIIIII\lHII\II\I‘\IIHHHlI_L1?00 I||II‘\I\|II\|I\I|I\I‘\§
4 f E 1650 4 _g o
E E = - £ = i
ZsE 1 E =3 =
= E = = =
7 E 1600 § g = 1700 &
S2F . 2 .g 5 E E
3 E — 1550 < o -= 1600 <
T E - e E
1 ] 1 E
E — 1500 = 1500
=3 111 | 111 ‘ 111 | 11| | 111 | 111 ‘ $
DO 100 200 300 400 500 00 200 400 600 800 1000 1200 1400
Proj. Distance (m) Proj. Distance (m)
Figure4-9: Line profile perpendicular Figure4-10: Line profile along
to flow direction. the flow direction.

9 To save the coordinatesf the points belonging to the line profile, go &xtraslh t N2 ¥ A £ !
Line Profile Pointsind enter a file name.

9 To save the line profile parameters (distance in m and the active parameter, e.g. the flow he
m) at the curent dumpstep, go orExtrash t N2 FA £ S T 9 E LJandEnter aNie F .
name.
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Continuation of exercise 4.2b: How to draw a line profile

b) Load an existing line profile:
I Switch to 2D view by cIickir%’il

1 Activate the project by clicking on it once and clor chooseExtrasih t NE FAf S
New Line Profile

9 Click themiddle mouse buttononce

1 A window pops up and you can browse for the line profile you wish to open

Exercise 4.2c: How to createtiane plot

a) Select time plgboint:

f Click” orchooseExtrasih t 2Ay 0 Iy / K22aS t2Ayi

9 Click into the map at the point where you want to create a time plot.

1 A window opens, displaying the time plot at the point of interest (active paramet. time).
Flowheight is always combined with Velocity, whereas Velocity, Pressure or Momentum
always combined with Flowheight.

B RAMMS Time Plot — m] x

Sirmulation: Test_ COM

|
)
]

4

- - Flow height N

o ™ v, |7~ — Velocity — 25

3 N
- n — 20
£ = N gg
be Z - .S
T 2F — 15 2
z - C 3
N - S

- — 10

1 N

- “wo~. 5

0:||||||||’||IIIII -l _O

0 20 40 60 80 100 120

Time (g)

HH@v|%\§nvﬁhv - - - - - [140,348]

Figure4-11: Time plot window.

f To save the point coordinates, chodSgtrasih t 2 Ay i Iy { | @ 8&nd edeiayfilé
name

1 To save the time plot data (time in s and the active parameter, e.g. the flow height, for e
dump-step), choosé&xtrasih t 2 ABkpbrt Pbint Plot Datandenter a file name.
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Continuation of exercise 4.2c: How to create a time plot

b) Load a time plot:
f To reopen the time plot graph window of the last selected point, g&xtnasih t 2 A y
Create Point Time Plot
1 To open an arbitrary time plot that was savaay timebefore, click™™ .
1 Click themiddle mouse buttononce.
1 A window pops up and you can browse for the time plot file you wish to open.

c) Enter point coordinates and get a time plot:
f GotoExtrasih t 2 ABAtér PBimt Coordinates (X/Y)
9 Enter Xcoordinates of your point of interest. CliEK
1 Enter Ycoordinates of your point of interest. Cli€k.
i The time plot opens.

4.2.3 Deposition analysis
A deposition analysiélow height)for a region of interest (ROI) can be done in the following way:

1 right-click the shapefile you want @nalyze
1 chooseDeposition analysis
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& RAMMS::AVALANCHE 1.7.0 - [C:\Users\christem\RAMMS\Beispiele\Avalanche\VdIS\VdIS.out.gz] -0 “
Track Edit Input Show Run Results GIS Extras Project Help

I ESEE W& o ROk m 1y ANDOGe U FVie 000 k Bo Ee

Vi o\ ©

4 AVALANCHE

PARAMETER: Flow height (m)

Fies | General | Display | Volumes | Region

Shapefiles, MuXi-Files and Domain-Files

[]1[E Dom_dom.shp
[&) For_forshp
Marc shp
new.shp
NewRel_rep shp

BHEm 86 @ @ BE /iIeH$ <«

3> &
® ‘ ’
Time (s): 90.00
< >
XYZ-coordinates in lower right status bar X: 595397.65 Y: 126923.24 Altitude (m): 2959.98 Flow height (m): 0.00

Figure4-12: Deposition analysis of region of interest.
& Deposition Analysis - VdIS.ocut.gz
Save || Save As... || Close
Deposition Analysis
Output Filename: VdlS ot gz
Shapefile Name: deposition shp
Time: 90.00 s
Flowheight Analysis
ITota\ deposition volume: 34438.70 m3 I

Min flowheight: 0.00 m
Mean flowheight: 0.873 m
Median flowheight: 0.567 m
Max flowheight: 5.64 m

Nr data values: 1435

Figure4-13: Result of a deposition analysis. Total deposition volun® (m
as well as some statistical values are sh@min, mean, max)
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4.2.4 Google Earth Export

You need to have the Google Ea8bftware installed on your PC/laptop, otherwise y@annotuse
this feature. The use of Google Earth is for free.

LGQa LkRraaArotsS (2 SE L2 Wie defafltdgdtingsfara finf Sivitzérlgnd. I go2r3f S 9
project region is within Switzerland, you are lucky, and all you have to do is visualize theyoesu
want, and thenusin EG NI & h D2 2 3t ResalltdNIpégk Edith 9 E LJ2 NIi

Image © 2022 Maxar Technologies
Image Landsat / Copernicus

-

Figured-14: Left: Visualization in RAMMS; Right: Exported result in Google EaGbdgle Earth)

If yourproject region is not within Switzerland, then the followiotper projections are supported in
RAMMS:

 UTM
{ State Plane

Clickd EG N} & T D2 2GAdgl8 Eatt Qylioio X¥pethe following window:
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€% RAMMS Map Opticns X

- Projection

For UTM, the zone number should be in the range
of 50 to -1 (Southern Hemisphere) or 1 to 60
(Morthern Hemizsphere).

Projection: | Switzerland 32 7
Beszel 1841
- Projection Parameters
0.00040
0.0004
0.00040
0.00040

- Google Earth View Parameters

Wiew distance (meters): 2000.0

Inclination (degrees): 45

(0% wertical | 20°:horizontal view )

Rotation (degrees): III

{0°:N | 90:E | 180°:S | 270°:W)

Cancel OK

Figure4-15: Google Earth Options. Chod3mojectionand SpheroidDatum)of your project region

If youchoose aUTMINRE 2SOl A2y X GKSYy A0GQa LPioedianPBaméters a S
section. The sectionGoogle Earth View Parametease parameters for the initial visualization in
Google Earth. Change them as you like.

The Figure below shows the dralown menus for thdrojectionand theSpheroid (Datunjelds.
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Spheroid: | Bessel 1841 w
Clarke_1386
- Projection Clarke_1380
Bessel 1841
International 1567 :I
Center Lat 1 e rnational_1909
WGESs_ 72 | —
Center Lon Everest |
WGS5_66 —
Semimajor GRS_1980
Airy .
Semiminor | Modified_Everest
Modified_Airy B
Walbeck —

- Google Eartl g iheast Asia —
Awustralian_National
View distd Krassovsky

Hough

Inclination | Mercury_1360
Modified_Mercury_1968
(0% vertical Sphere

) Clarke_IGN
Projection: | UTM ~|  Rotaton(d, mert 1906

Switzerland (0°:M | 90°:f Modified_Fischer_15G0
Spheroid: AL South_American_1959
STATEPLANE - |WGS_1934 | —

anc

Figure4-16: Google Edh Projectiorand Spheroid (Datumjrop-down menus

Click the HelgButton v to get help about the projections and how to specffgne Spheroidand
Projection Parameter@nly for UTM), such that your result is visualized correctly.
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4.2.5 Creating an image aa GIF animation

Image

It is possibleto export your results as an imagein different formats (e.g.png, .jpg, .gif, .tif etc.).

CIicki’i' or chooseTrackhExporiX hlmage Fileand define a file name with the corresponding
extension. An image of the visible part in the viewer will then be exported.

GlFanimation

Creating a GIF animation is only possibleutput mode.CIick@ or chooseTracklhExport...MHGIF
Animation. Enter a file name and location and wait until the simulation stoppé@d. soon as the sim-
ulation finished, the GIF animatidiile is savedIn the Preferencen the avalanchetab you can de-
fine the interval for the GIF animanh (GIF animtion interval [s])

4.2.6 Stoppingcriteria
There are two stopping criteria available in RAMMS:

1. Standard stopping criterion: Momentutmaseda t SNOSy GF3S 2F (201t Y2YS
2. New stopping criterion: Centesf-mass basedt / S yoiiaSNgda @St GKNBaAK2f R 0Y

Stop Criteria

Percentage of total momentum (% ): ?
Center-of-Mass vel threshold (mis): ?

Figured-17: The two stopping criteria available in RAMN

The stopping criteria can be changed when starting a new simulatioralse€igure3-52 on page
51. You can define both stopping criteria, and the simulation will then stop whenajrthem is
reached, either the momenturmor the centerof-masscriterion. In the following, both criteria are
explained in more details.

Momentum-based stopping criteria

In classical mechanics, momentum p (Sl unit kgm/s, or, equivalently, Ns) is thepoddhe mass
andvelocity of an object (p = mvJhreshold values betweenr1D% are reasonable, but this is only a
suggestion and has to be empirically determined for each test ¢ameevery dumgstep, RAMMS
sums up the momenta of all grid cell@ump-step-sum), thus finding a maximum momentum sum
(maxmomentumsum). Then the dumptep-sum iscomparal to the maxmomentumsum If this
percentage is smaller than a user defined threshold value Rgpae above andropage51), RAMMS
abortsthe simulation andhe avalancheas regarded as stopped.
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Stopping criteria with large threshold values (e.g. >10%) may result in uricealisly stopping of a
simulation. Small threshold values however may lead to humerical diffusion of the simulation results
and very slow creeping of the avalanche material and velocity oscillations.

To check the stopping of your simulation, ciésultsih { dzY Y NBE 2 F.Aawindbiv ¢idi- a |l 4 a
lar to Figure4-18 opens which shows the summary of moving mass.

———
| € Moving Mass & Momentum Analysi T 5] Moving Mass & Momentum Analysis - H— (o]
HOVING 11ASS 100,00 (e ¥ng Momentum
‘The stopping crtenia in RAMMS is based on the momentum. In classical mechanics, momentum i the product of the mass and velocity of an objeet p = M E T T T
my —= F
For every DUMP STEP. we sum the momerta of all grid cells, and compare it with the maximum momentum sum. | this percentage is lower than a user #£ 8000
defined threshold value (see below). the program is aborted and the avalanche is regarded as stoppe = r
c F
Threshold values betwezn 1-10% are reasonable, but this is only = suggestion and must be validated by the individual user Himseff o 6000
ol F
o -
Time (s) Flow Volume (m3) Max Momentum {m2/s) Flow Momentum {m2/s) Percent % | g 40.00 -
220000 205604 126250 126250 100.000 - H [
4.20000 205604 2125.80 212580 100.000 £ 2000F
6.10000 205604 2599.90 2599.90 100.000 E
8.10000 205604 2870.50 287050 100.000 0.00
10.1000 20560.4 2966.30 296630 100.000 Time ()
12.0000 20560.4 2966.30 292550 38.6000
14,0000 205603 2966.30 2786.40 33.9000 Flow Volume
16,1000 205603 2966.30 265260 83.4000 2100000 T | T T T
18.1000 205603 2966.30 2548.40 855000 . E
20,1000 205603 2966.30 242870 81.9000 2 2050000 E
220000 205602 2966.30 23250 78,6000 7 20000.00 |
24.0000 205602 2966.30 222550 75.0000 £ E
25,0000 205602 296630 2088.20 704000 2 1950000 £
22,0000 20560.1 2966.30 1947.30 65.6000 > E
30.0000 20560.1 2966.30 1849.40 62.3000 H 19000.00 F
321000 20560.1 2966.30 178520 602000 T 1850000 F
34,1000 20560.0 2966.30 172830 58.3000 E | ) | E
; 1800000 E—e o L L
36,2000 20560.0 2966.30 1671.60 564000 0 50 100 150 200
38.2000 20560.0 2966.30 1619.90 54,6000 Time (8)
40.2000 205599 2966.30 1567.30 52,8000 =
S2 det [ 7,
d b = Fl (52 EE’ A A~ [97,507]

Figure4-18: Summary of Moving Mass information window

Whether or not an avalanche stops depends on terrain (slope angle in runout), total flow volume and
friction values and should always be evaluated by an expert. In case of doubbw to choose
threshold values we recommend running a simulation with a 1% threshold and checking the sum-
mary of moving masfor numerical diffusion and analyzing the avalanche runout (flow height and
flow velocity) with time plots (sectio#.2.2).

Figure4-19: Stopping behaviour of a RAMMS simulation. Small threshold values may lead to unlikl
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