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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 the
motion of geophysical movements. These models allow engineers to predict the speed and mass of
hazardous movements in complex terrain. Such models arecésfy helpful when processing mitiga-

tion measures, such as avalanche dams or snow sheds. Hazard mapping is an especially important ap-
plication in Switzerland and other mountainous countries. An accurate prediction of runout distances,
flow velocities andmpact pressures in general threimensional terrain is the driving motivation for

the development of dynamical mass movement models. Although helpful andikeallby users, one
dimensional models such @8/AL1Drequire that the primary flow directioand 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 naeled using onalimensional simulation codes.

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

tion model to calculate the motion of geophysical mass movements (snow avalanches, rockslide, de-
bris flows andshallow landslides) from initiation to runout in threémensional terrain. It was de-
signed to be used in practice by hazard engineers who need solutions to real, everyday problems. It is
coupled with a usefriendly visualization tool that allows them tasily access, display and analyze
simulation results. New constitutive models have been developed and implemented in RAMMS, thanks
to calibration and verification at full scale tests at sites such as Vallée de la Sionne. These models allow
the applicatiorof RAMMS to solve both large, extreme avalanche events as well as smaller mass move-
ments such as hillslope debris flow and shallow landslides.

RAMMS is developed since 2010 by the RAMMS team at the WSL Institute for Snow and Avalanche
Research SLBnd sice July 2024 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 wadite https://www.ramms.chprovides useful informatioabout all modules, licenses
frequently asked questions (FAQ) or recent software updates. Please visit thigefedquently to
stay upto date!

1.1 Motivation

Mitigation of natural hazards relies increasingly mummericalprocess nodelsto predict the area in-
undated by rapidgeophysicainassmovements. 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 preparation of hazard maps is a primary apglbcailhemodels areespecially
helpful when proposingechnicalmitigation measures, such @aams and embankmentsr rockfall

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

1.2 RAMMS

The RAMMSRApid MassMovementSmulation) software systentontains three process modules:
1 RAMMS:AVALANCHE

1T RAMMS:DEBRISFLOW
1T RAMMS:ROCKFALL

The RAMMS: ¥ALANCHa&nd RAMMS::EBRISFLOWodules are designed for flophenomena con-
tainingfast movng particulate debrisf snow andocks In the avalanche module, the interstdl fluid

is air, whereas in the debris flow module theerstitial fluid is mud.The RAMMS: ¥ALANCHE&nd
RAMMS::EBRISFLOWodels are usedio calculate the motion othe movement frominitiation to
runout inthree-dimensional terrainThe models use depthveraged equatios and predict the slope
paralld velocities and flow heightShis information is sufficient for most engineering applications.
Information in the slopegerpendicular direction (e.gnass and velocity distribution) is lost; however,
this is seldom of practical intered®oth modelsequire an accurate digitakpresentation of the ter-
rain. Engineers specify initial conditions (location and size of the release amasBjction parametrs,
depending on terrain (e.g. roughness, vegetation) and material $a@v, ice or mud content of the
debris flow).

TheRAMMS::RCKFALRoduleis used to study the rigid body motion of falling rocks. The model pre-
dicts rock trajectories in generdhree-dimensional terrainRock trajectories are governdaly the in-
teraction between the rock and groun@he modekontainssix primary state variablethree transla-
tional speeds and three rotationaklocities of the falling rock-rom these, kinetic energyunout
distance and jump heights can be deriv€aneralized rock shapase modeled.Rock orientatiorand
rotational speed are included the rock/ground interactionThe RAMMSROCKFAImhodule isthere-

fore fundamentally different from the RAMMSNALAICHEand RAMMS::EBRISFLOWodules be-
cause it is based on hambntact, rigidbody Lagrangian mechanjasot Eulerian flonmechanicslt

also differs from existing rockfall modules because the rock/ground interaction is not governed entirely
by simple reband mechanics, but frictional (dissipagivrock/ground interactionsThese govern the
onset of rock jumping. The RAMMSD@KFALodule predicts all rigithody motionsg rock sliding,
rolling, jumping and skipping.

In all RAMMS modules, ew constitutive nodels have been developed and implemented, thanks to
calibration and verificationat full scaletestsitessuchas St. Léoard/Walenstadt(rockfall, mitigation
measures)Valléede la Sionne (sow avalanchespand lligraben (debris flow).


https://ramms.slf.ch/en/modules/avalanche.html
https://ramms.slf.ch/en/modules/debrisflow.html
https://ramms.slf.ch/en/modules/rockfall.html
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1.3 Learning by doing

This manual provides an overview of RAMIDEBRISFLO\EXercises exemplify different steps in set-

ting up and running a RAMMS simulation especial§tiapter3W{ S G G A y 3 dzidoweveg tb Y dzf | G A
get the most from the manual, we suggesading it through while simultaneously having the RAMMS

program open, learning by doingve assume RAMMS users to have a basic level of familiarity with
windowsbased programs, commands and general computer terminoMfgydo not describetie ba-

sics ofwindows managemenfsuchas resizing or minimizing). RAMMS windows, click options and in-

put masks are similar to othevindowsbasedprogramsand can be used,closed,reducedor resized

in 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 tc
accuracy, reliability, completeness, or suitability of the models for any patipurpose

Users of theRAMMSsoftware models assume all risk associated with the use of these mc
RAMMS AGhall not be held liable for any loss, injury, or damage resulting from the use or re
on these models, including but not limited to peral injury, property damage, or financial loss

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

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

Users are responsible for ensuring that their use of RFEMMSsoftware models complies with a
applicable laws, regulations, and standar@®\MMS AG@oes not guarantee that the models me
any regulatory requirements or industry standards

RAMMS A@nay, at its sole discretion, update, modify, or discontinueRA&VMSsoftware models
at any time without notice. Users are responsible for ensuring that they are using the most ¢
version of the models.

By using th&RAMMSsoftware models, you acknowledge that you have read, understood, and ¢
to be bound bythe 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 LyadlEyRGOA S dzLI

2.1 Systemrequirements

We recommendthe following minimumsystemrequirementsfor running RAMMS::DE-
BRISFLOW

1

Operating Systens: Windows 8, 10 and 1164-bit)
32-bit systems (Win XP) are not supported anymore
RAM(memory): 4 GB(more recommended)

CPU: >1 GHz, 2 cores or more recommended
Diskspace ca. 220 MB needed for the software

2.2 Installation

Please download the RAMMSDEBRISFLOWEtup file dramms dbf user_setup_64.zépfrom
https://www.ramms.ch/rammsdebrisflow/ (Downloaddab at the bottom of pagke

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_dbf user_setup_64.zigtarts after clickingfes
Unzip the file to a temporary location.

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

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

{ G NI rankS<vérsioh>Sdbiiser setup 64.e¥ed
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Step 1: Welcome

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

T} Installing RAMMS : = =

Welcome to the RAMMS Installation!

Thiz getup program will install RAMMS on your computer. Click
Cancel if vou do not want to install this application. Click Next to
continue the installatien.
k' 4
e - WARNING: This program is protected by international copyright
.- law and treaties.
F
Unauthorized reproduction or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties and

will be prosecuted to the maximum extent of the law.

-
-
‘WSL gir
e v

[ Next = ] ’ Cancel ]

Figure2-1: Installation- welcome dialog window.

Step2: Readme

Short introduction to RAMMSClickNextto continue.

'z} Installing RAMMS . = 22
Readme iﬁ,‘ﬁ‘:

Please read the following information.

RAMMS 1.6.20 (Rapid Mass Movements) -

RAMMS (Rapid Mass Movement3) 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
vizualization tool that allows users to easily access, display and analyze
simulation results. New constitutive models have been developed and
implemented in RAMMS, thanks to calibration and verification at full scale tests at
zites such as Vallée de la Sionne (snow avalanches), Illgraben (debris flows),
Veltheim (hillslope) and St. Leonard / Walenstadt (rockfall). These models allow
the application of RAMMS to solve both large, extreme avalanche or debris flow
events as well az emaller mass movements such as hillslope debris flows and
shallow landslides.

m

[ = Back ] ’

Next =

J |

Cancel

Figure2-2: Installation - readme dialogwindow.
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Step 3: Acceptingthe licenseagreement

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

Step 4: Select destination directory

7} Installing RAMMS = 2

License Agreement >L?l,|.1k
To proceed with the installation, you must accept this License

Agreement. Flease read it carefully. /{EF

RAMMS - General License Agreement

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

A. PROGRAM RAMMS

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

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

by WSL/SLF.

[¥]1 agree with the above terms and conditicns

’ = Back ] ’ Next = ] [ Cancel ]

4

Figure2-3: Installation - licenseagreementdialogwindow.

Choose your destination directoryhis dialog shows the amount of space available on your hard disk
andrequired for the installationClickNextto start the installation process.

7} Installing RAMMS = =
Destination folder >L?l,l.f:

Select a destination folder where RAMMS will be installed.
¥

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.

Destinati

€:\Program Files (x86)\RAMMS ) Browse...

Space required: 218.52MB
Space available: 4.76GB

[ < Back ] [ Next = ] [ Cancel ]

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

RAMMSs copyingthe filesto the destination location The window shows théstallation pro-
gress.

\;j Installing RAMMS (= @- i
tA%

Installing Files
Copying RAMMS files to your computer. ***
ur

To interrupt or pause the installation process, click Cancel.

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

Next > Cancel M

Figure2-5: Installation - installingfilesdialogwindow.

Step6: Finishedinstalling the files

RAMMSinishedcopyingthe files. ClickNextto finishthe installation process.

4 Installing RAMMS (=]=] =
Installing Files *}}’*
RE

Copying RAMMS files to your computer.

Click Next to continue the installation.

[ Next > ] [ Cancel ]

Figure2-6 : Installation - finishedinstallingfilesdialogwindow.



CHAPTER 2: INSTALLATION AND SETUP

Step7: RAMMSinstallation finished!

7} Installing RAMMS - [= = |

RAMMS has been successfully installed!
Click Finizh to complete the installation.

“.NSI. ah’{&“:‘r

il

Figure2-7: Installation - finishedinstallation dialogwindow.

RAMMSsuccessfullyinishedthe installation. Cliclinish

Step8: Welcometo IDLVisual Studio Merge Modules

To ensurethat allimportant systemlibrariesare installedon your target machinefollow the instruc-
tions 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 3]

Welcome to the InstallShield Wizard for IDL
Yisual Studio Merge Modules

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

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

i IDL Visual Studio Merge Modules - InstallShield Wizard

Ready to Install the Program \ ‘ l

The wizard is ready to begin installation.

Click Install to begin the installation.

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

[ < Back ][ Install | [ Cancel ]

Figure2-9: IDLVisualStudio Merge Modules- readyto install the program

ClickNextto continue.

Step 10: InstallingDLVisual Studio Merge Modules

The wizard is installingthe files. Pleasewait until it is finished.

ii& 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:

[--------------------------------------- ]

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

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

& IDL Visual Studio Merge Modules - InstallShield Wizard 3]

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.

[RENTVS
Figure2-12: RAMMScon.

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

1T RAMMSbHRun RAMMS
1 RAMMSHUninstallRAMMS

. RAMMS
€% Run RAMMS
&4 Uninstall RAMMS

Figure2-13: RAMMSprogram group

10
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2.3 Licensing

Access to RAMMSdentrolled by a personal use license. Personal use licenses arbrtiiteel licenses

tied to a singlepersonalcomputer. Thismethod of licensingrequiresa Y I OK A y' S Ohést iixy A |j dzS
to be incorporatedinto a licenserequestfile. After the licenserequest fileis sent to RAMMS AG

you will receivea licensekey. Enteringthe licensekey on a personal computer enablefill RAMMS
functionalty for the gecific 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 Conn€bison).

only works for one license per module.

2.4 First start

Doubleclickthe RAMMSconor use Start lhProgramsfhRAMMSIHRun RAMMSto start RAMMS
for the first time. Wheneveryou start RAMMSthe splashscreenbelow will pop up:

IDL

Virtual Machine

Distribution Platform To Run
IDL Applications

_ Click To Continue !

Figure2-14: RAMMS start window.

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

Figure2-15: RAMMS licensing window

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

11


https://www.ramms.ch./

CHAPTER 2: INSTALLATION AND SETUP

2.4.1 Personallicenserequestfile

Clickthe button M to create your personallicenserequest file. In Figure2-16 enter your full

€ RAMMS 1620 - User Information | 53|
Enter USERNAME and COMPANY NAME:
Choose RAMMS module:
Avalanche @ Debris Flow
Username:
Company:
Cancel IE/

Figure2-16: Enter user name and company name.

name and the name of your compatry.

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.

j RAMMS_DBF_request_TestName.txt - Notepad

File Edit Format View Help
Username: TestName
COITIp any: Te StCOITIp any
HostID: 64a45c4e2182

windows-IP-Konfiguration
Prim,res DNS-Suffix .
Knotentyp . . . . . .
IP-Routing aktiviert

Hostname

: Hybrid
: Nejn

Figure2-17: Personalicense request file RAMMS_DBF_request_TestN&me

2.4.2 Gettiing the personal licensekey

You find an order form on the RAMMSweb page (Order Fam or DemoOrder Fam) at

https:// www.ramms.ch/shop/.

An order confirmation emailis sent to your email addressWe then processyour order and send

you an invoice.As soon as we receivedyour payment, we will send you your personal licenséey.

Your personallicensekey is named similar to

DBF 20151013 _TestNameRAMMS TimeLicensext.

Open the filein a text editor. It shouldlook similar to Figure2-18. The filename reveals also the

SYR RIGS 2F @2dz2NJ £t A0S

yas

EWNB. 2 R X

So3d

12
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File Edit Format Wiew Help

Username: TestName
Company: TestCompany

Installation Key: DEBRISFLOW Oh2i-i0ji-ikpm-cjdf-4j4j

Figure2-18: Personallicensekey file RAMMS_license_Mustélesttxt

Now, restart RAMMSas explainedbefore). The IDL splash screen appeigure2-14) and thenthe
dialogwindow of Figure2-15 shows up(RAMMS: Licensing).Cqy the licensekey (in thisexample:
DEBRISFLOW Oh@ji-ikpm-cjdf-4j4j) andpasteit atthe field LICERE KEYsee Figure2-15). Notice
that there is the prefix DEBRISFLOWhis prefix is part of the licensekey and has to be inserted
as well! If RAMMSacceptsyour installation key, you successfully finishethe installation.

2.5 Update

When you start RAMMS it will automatically check for updates on the internet. @hiea&d to an

error message, if your firewall blocks the executable idIrt.exe (this file starts theitial Machine

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

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

13



CHAPTER 3: SETTING UP A SIMULATION

3 { SGHAJFEA Y dA | GA2Y

3.1 Preparations

To successfullgtart a new RAMMSproject, a few important preparationsare necesary. Topographic
input data (DEM in ASClor GEOTIFformat), project boundary coordinates and georeferenced
mapsor remote sensingmagesshouldbe prepared in advance(.tif format and .tfw-file, mapsand
imagesare not mandabry, but niceto have). Georeferencediatasetshaveto be inthe sameCarte-
siancoordinate system (e.g. Swiss CH1903 LVO03}es DEM Polar coordinate systems in degree
(e.g.WGS84 ongtude Laitude) are not supported. Fa more information about specifimational co-
ordinate systemslease 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 the topographic input data. Before youastnulation
make sure all important terrain features are represented in the input DEM.RAMMSs able to
processthe following topographicdata:

1 ESRI ASCII grieidure3-1)
1 GEOTIFgeoreferenced informatioembedded within a TIFF f)le
1 ASCIl XYiEgular,single space datd{gure3-2)

ASCII XYdata (regular and irreguladanbe converted within RAMMS intan ASClbr GEOTIF§id.
A wizard will guide you through therversion process. The followigerpolation methodsare avail-
able LINEARY INVERSE DISTANCE

The header of an ESRI ASCII grid must contain the information sh&wuia3-1.

"

B dim av_grid_subsel xyz - WordPad

Datei Bearbeken Areicht Einfigen Formek ? Datel Bearbeken Ansicht Einflgen Format 7
Dl S M @ 2
el & M @ 2

ncols 1157

LIRS 1070 679000.00 236500.00 791.33
xllcorner 763049 679002.00 236500.00 791.73
yllcorner 178911 679004.00 236500.00 792.07
cellsize 2 679006.00 236500.00 792.58

NODATA value -9939 679008.00 236500.00 793.01

1667.2 1666.67 1665.84 1665.16 1664.96 1665.45 1666.61 1668 1
1665.8 1665.03 1664.58 1664.47 1664.9 1666.06 1667.78 1668.97
1664.05 1663.9 1664 1664.31 1665.09 1666.89 1668.44 1669.28 1

675010.00 236500.00 793.47
679012.00 236500.00 793.93

1662.43 1663.17 1663.86 1664.45 1665.78 1667.79 1669.15 1670. 679014.00 236500.00 794.38
1661.27 1662.33 1663.92 1665.06 1666.76 1668.91 1671.24 1671. 679016.00 236500.00 794.87
1661.57 1662.53 1663.77 1666.16 1668.46 1669.98 1671.7 1672.5 679018.00 236500.00 795.43
1662.89 1663.57 1664.79 1667.08 1669.38 1670.83 1672.67 1673. 679020.00 236500.00 795.96
1664.96 1665.22 1665.73 1668.08 1670.02 1671.3 1674.13 1675.0 675022.00 236500.00 796.48
1666.74 1666.83 1667.49 1669.27 1670.54 1672.33 1674.98 1675. 679024.00 236500.00 797.03

1668.36 1669.06 1669.8 1671 1672.33 1673.71 1675.47 1676.45 1 A T s R g

Figure3-1 : Example ESRI ASCII grid Figure3-2: Example ASCII XYZ single
space data.
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3.1.2 Projectand Scerarios

Aproject isdefinedfor a regionof interest. Withina project, one or more scerarios can be specified

and analyzedFa everyscerario, a calculation can be executed.A project consists therefre of
different scerarios (input files) with different input parameters. The basictopographic input data

is the samefor everyscerario. If you wantto changethe topographicinput data (e.g. chang¢he

input DEMresolutionor the projectboundary coordinates)you haveto create a new project. Other

input parameters (such as release area, calculation domain, calculation grid resolution, end time or
time step can be changedfor everyscenario

N | : LN e
/| Project extent 7
= Vi ) g

i 7

///e{llan O SN AN
ea of interest) canbe usedto calculate
different scemrios with different input parameters.

3.1.3 Releasanformation

In RAMMS::DEBRISFL@We are two options to definethe starting conditions (releaseinfor-
mation) of a simulation:

1 Releasearea (or blockrelease)
¢ Input hydrograph(or simplyhydrograph)

Thestarting conditionsof a simulationcanbe selecteddependingon the type of debrisflow you want
to model. General, it is usefulto distinguishbetween unchanneledand channelizedlebris flows.
Here we use the term unchanneledlebris flow for hillslope debris flows or shalbw landslideschan-
nelizeddebris flowsdevelm in regionswhere torrentslimit the flow paths and the debris material
mainlyfollows the torrent channel.

Fa smallunchanneleddebris flows it isusefulto usea releasearea with a giveninitial depth, which
will be releasedas a block (block release), while for a channelizeddebris flow it may be more
appropriate to usean input hydrograph. The later requiresknowledgeof the amountof material
that might flow past a certain location in the channel. Chapter Oon page82 includesseveral
exampledor both types of starting conditions.

The definitions of releaseareas and releasedepths (block release)have a strong impact on the
simulationresults.The sameappliesfor simulationswith a hydrograph,wherethe resultsare sen-
sitive to the discharge hydrograph. Therebre, we recommend to use referenceinformation such
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asphotograply, GPSmeasurementsr field mapsto draw release areasandto use measurecr
well-estimatedinflow data to define discharge hydrographs. Thisshouldbe done by people with
experienceconcerningthe topographicandhistorical flow situation of the investigationarea.

More details on how to create releaseareas are givenin section3.5.1, page 38pp. Detailson
how to usean input hydrographare givenin section3.5.2, page4 1pp.

3.1.4 Hiction information

RAMMSemploysa Voellmyfluid friction model, whichis basedon the Voellmyfluid approach (we
referto Salmet al. 1990and Salm1993).

The choiceof the friction parametersrequires careful calibration (section5. 1) of the model by
usingreferenceinformation suchasfield data, photographsof runout zones,estimationsor meas-
urementsof flow velocities andflow heights as well as estimationsof the material composition.
Thisshouldbe done by a personwith expertisein debris flow characterization.

Physicalfriction model

Thephysicamodel of RAMMS::Dhris Flow usesthe Voellmy friction law. Thismodeldivides thefric-
tional resistanceinto two parts: a dry-Coulombtype friction (coefficient ) that scales withthe
normal stressand a velocity-squared drag or viscousturbulent friction (coefficient V). The frictional
resistanceS (Pa)is then

) (3.1)

Yoo0 x EQE ""QCAIT%O

where’ isthe densty, g the grz’ivitational acceleration, the slopeangle,h the flow heightandu
the vectoru = (u,uy)", consisting of thélow velocity in the x and ydirections Thenormal stress
on the runningsurface, hgO 2 &, @anbe summerizedin a singleparameter N. TheVoellmymodel
accountsfor the resistanceof the solidphase(u is sometimeexpressedasthe tangent of the inter-
nal shear angle)and aviscousor turbulent fluid phase(v wasintroducedby Voellmy ty usinghydro-
dynamicarguments).Thefriction coefficientsare responsiblefor the behavbr of the flow. p domi-
nates whenthe flowis closeto stopping,v dominateswhenthe flowis running quickly.

Throughout one simulation,the friction coefficientsy andV of a calculationdomainare constant.
However you havethe possibilty to add up to two polygonswithin the calculationdomainwith
different p andV friction parameters (seeexercise3.5e¢ bwto runa O £ O dzbnlpdga5Apps

The Voellmyfriction model has found wide applicationin the simulationof massmovements, es-
pecially snow avalanches.Fa modelingsnow avalanchegshe Voellmymodel has been in use in
Switzerlandfor many years and a set of standard parameters is available.

16
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Yield stress

Since Version 1.6.20 the basic Voellmy equation has been modified to iracjirld stress (cohesipn
(Bartelt et al. 2015)Many materials, like mud and snow, do not exhibit a simple linear relagion (
constant), sed-igure3-4. To modelyield stressye introduce the parameteN,. With this approach
it is possible tanodel ideal plastic materialin this caséoserves as a yield stress gud "hardening”
parameter The new equation for the frictional resistanSés then

. LR . . —
Y "0 — p 0 p " 00Q

where Ny is the yield stress of the flowing material. Unlike a standard MGbulomb type relation
this formula ensuresthahn g KSWHo 2R P LG Ay ONBlFasSa GKS akKSIFN
causes the debris flow to stop earlier, depending on the valu.of

—
P

g g
~ Cohesion —
n n
3 u>0 7 Visco-plastic
S . 0
2 .- @ =0
3 - | 3
2 N, _- No cohesion o N,
n e n
- —— —
Normal stress N (Pa) Normal stress N (Pa)

Figure3-4: Relation between normal and shear stress. Left: Yield sMeserves to increase
the shear stresfor higher normal pressuregt low normal pressures (small flow heights)
the shear stress increases rapidly fr@m0to S=N. The slope ofi K $vs Wrelation remains
K, when the normal pressures are lardeight: Ifu=0, we have a visceplasic behaviour.

Curvature

Since Version 1.6.20, the normal fold@ncludes centrifugal forces arising from the terrain curvature.

We use the method proposed by Fischer et al. (2012) which was specifically developed for RAMMS.
The centrifugal acceleraticiis both a functiorof the flow velocity and terrain curvature. The accel-
eration is calculated according to

Qo b
The matridk RS & ONR 0 Sa G KS (NI O] OdzNBF Gdz2NB Ay Fft RAN
trifugal force is then

0 00
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which is added to the normal forde. Typically this increases the friction, causing fibev to slow
down in tortuous and twisted flow piBs. It can change the location of the deposition once the flow
leaves the gully. Curvature may be activated/deactivatetthe Run Simulatiowindow (tabParam$
or@A Ll GKISStYISyldy WROI y ORRX T / dzNIBI (i dzZNB

Calbration of the friction parameters p and v

Althoughthe data basefor well documented debris flow eventsis smallerthan the one for snow

avalancheswe have a good idea of the friction parameters whichhaveto be used. The major

difficulty in caseof debris flow simulationisthe large \eriety of debris flow compositions,which has
a strong influenceon the choiceof the friction parameters. RAMMS::DEBRISFLO¥¢sa single

phasemodel, sowe cannot distinguishbetween fluid and solidphasesand the material is modeled
asa bulkflow. Therebre, the friction parameters shouldbe varied to match observed fbw proper-

ties (for calbrating the model) or expected flow properties (if variation is expectedas part of a
hazrd scerario).

It is commorthat different eventsin the sametorrent show strong differencesn composition. This
fact makesthe calbration of the friction parameters much more difficult and evenrequires acali-
bration for different events. Therebre, we stronglyrecommendcareful calbration of the friction

parameters by personswith expertise in debris flow characterization.

The calbration procedureof the Voellmymodel is explainedwith an examplein section5.1.

3.1.5 Erosioninformation

The erosion module in RAMMS predicts the depth of erosion of sediment caused by debris flows. Using
this option, it is possible to predict the increase in volume of a debris flow as it travels along a channel.
By erosion we mean the net decrease in thevaten of the channel bed as a consequence of the
entrainment of sediment from the bed. Here we provide a brief overview of the erosion module and
an example of using it. More details can be found in Frank et al. (2015, 2017).

The erosion module is basem a generalization of field observations from the lligraben Debris Flow
observation station in Switzerland, based on repeated terrestrial laser scans by P. Schirch and Alex
Densmore, of Durham University. The field observations indicate that the deosibn increases

with flow strength e.g. with basal shear strésgSchirch et al., 2011; Frank et al., 2015) and that the
rate of erosion can be quite rapid (Berger et al., 2011). Other observations indicate that small debris
flows do not always erode dement (Berger et al., 2010, Schiirch et al., 2011), so the model includes

a critical shear stress that permits erosion only when the shear stress in any given cell exceeds the
critical shear stress value for the onset of erosignThe erosion algorithmrpdicts the maximum
potential depth of erosioren as a function of the computed basal shear stress in each grid cell:

Q mA 1O t
Q ’Qd’r t EI10 1
Qt
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Thepotential erosion deptliper kPadz/dt controls the rate of vertical erosion (in thzedirection) as
a linear function of channdded shear stress.

The sediment erosion rati the field (lligraben channel) was observed using sensors buried in the
channel bed (Beer et al., 2011) to be 0.025 m/s in the downward direction. Sediment is entrained
until the erosion deptten is reached:

Qa ¢ £ Q

90 S
where & is the depth of erosion (relative to the start of the simulation) at tirend z is the vertcal
coordinate.

If the shear stress in any given cell is exceeded after erosion takes place, then the maximum depth of
erosion (relative to the initial bed elevation at the start of the simulation) is automatically adjusted

and additional erosion can takgace until the new value @&, is reached. The elevation of the channel

bed does not change during the RAMMS simulation. Users can incorporate changes in topography due

to erosionor deposition e.qg. for further use in hazard modeling scenarios or egaatysesby select-

ing the postprocessing optioaWwS a dzf & M ! RR oBYWIATX {iM2 yb { Hz05INEd D
DEMDr bothwithWwSadzZ §a M ! RR ¢2L123INI LKAO QKIFy3aSa 09NRa

3.1.6 Calculation parameters

Calculationparameters,such as output name,simulation grid resolution, simulation (end)time,
time step etc. can be changedinteractivelyin the RAMMSun Simulationwindow.
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3.2 Preferences

To ease the fillandling,we recommend setting the preferences prior to start with simulations. The
preferences set the path to the working directory and the necessarydileb as DEM, maps and or-
thophotos If the path to the maps and the imagery files is set correctly in teéepences, RAMMS
will automatically open the georeferenced data when you generatevaproject.

Use Track h Preferencesto open the RAMMSpreferenceswindow or click the buttor,. For
resetting the general preferences uskelplh! R @1y (hR&set GenerdPreferences

General | Debiis F|DWI General Debrig Flow |
Working directory (CMRAMBSY, Read timesteps BaLL
b ap directary CHRAMBMSYMAPSY Mr of colorbar colors 50
Drthophato directory |C:5RAMMSAORTHOPHOTO® Rock magnification 3¢ |1
DEM directary CHRAMMSNDEM®, _'I GIF-&nimation interval (5] |1
FOREST directory B ackaground color oo
Animation delay [s) 0.1
Cancel | 0K | Cancel | 0K |
Figure3-5: General tab of RAMMS Figure3-6: Debris Flowab of RAMMS
preferences preferences
General Tab
Setting Purpose
WorkingDirectory Set your working directortf? ERY IMPORTANT: DO NOT USE Bl
in the working directory path!
Map Directory Set the folder where you place your georeferenced digital m
(consists of atif file and a corresponding fiv file (worldHile).
Orthophoto Directory Set the folder where you place your digital georeferenced orthog
tos (aerial picture, consists of @#if file and a correspondingfw file
(world-file).
DEM Directory Set the folder where you place the Digital Elevation Models (for
ASCII grid)
Debris flowTab
Setting Purpose
Read timesteps Choose between reading ALL or only 1 timestep.
Default isreading ALL timesteps.
Nr of colorbar colors Set default nr of colorbar colors.

GIFAnimation Interval [s]  Set interval for GIF animation images in seconds

Background Color Set background color (greyscale between 0:black and 255:whitt

Animation Delay [s] Set animatio delay to decelerate the animation speed.
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The following exercis#&/orking directoryshows how to choose a new working directory. All further
settings carbe changed in a similar manndihe settings are saved, until theyeathanged again man-
ually.

Exercise 2 : Working directory

Choaosing the right working directory very useful and saves a lot of time searching for files
folders.

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

i Click (or use Track 'y Preferencs or Ctrl+B to open the RAMMS prefereres win-
dow.

1 Clickinto the field Working directory. A wincbw popsup whereyou can chooseyour new
workingdirectory. ClickOKin both windows. Do this also for other directories if necesse

Please Select a Directory
General | Debris Fluwl
. Pythonz? =
Wharking directary CARAMMSY i
T aliahay CARAMMS MAPSY  vups
o . . ORTHOPHOTO
I:Irthgphgtg dleCth}' C:ARAMRMSYORTHOPHOTON b EROIECTS
DEM directory C:\RAMMSADEM:, B o
FOREST dirE-'Ctl:lr_I,l J Us.ers
J Windows
[ 5 Schneidr (sl chimemathaome) (H:) 1=
?l_ll Metwork,
| 1 FH rankeel Danal h

e | - | IMake Mew Folder | [s]4 I Cancel |
A
Figure3-7: RAMMSpreferences Figure3-8: Browse for the correct

folder.
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3.3 Creating a newproject

Anew project is created with the RAMMSProject Wizard, shown in the exerciseébelow. TheWizard
consistsof four steps:

Exercise 3: How to create a new project

| Click or Trackl'hNew...HProject Wizardo open the RAMMS Project Wizard
9 The following window pops up

{45 RAMMS | Debris Flow P

Project Wizard - Step1 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 your
project directory and your input files.

Project name:;

Project details:

Location:

Project wil be created at:

|cancel | | Previous | | Hext |

Fiure3-9: RAMMS Project Wizard Step 1 of 4
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Continuation of exercise 3: How to create a new project

9 Enter a project namé¢l)

9 Add project detail$2)

9 Theproject location (3) suggestedis the currentworking directory. To changethe loca-
tion, click into the Location field. Asecondwindow appears and you canbrowsefor a
different folder (seefigure below)

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

9 ClickNext(4)

(%5 RAMMS | Debris Flow Praject Wizarg

Project Wizard - S5tep 1 of 4

Project Information Browse For Fol @

Enter project name, project details and location of the project in
the fields below. The project name will be used to name your Choose Project Location
project directory and your input files.
Project name: Bl Desktop '
PTE_Stdd s 1 E * 7 Libraries
e » A& Marc Christen
Test Projekt @ -
20.3.20117 2 Al a8 Computer |
Location: - &, SYSTEM (Cy)
DARAMMS\DEBRISFLOVBeispiele’ 3 @ 4 — DATA (D:)
Project will be created at: Adrministration_LDR
DARAMMS\DEBRISFLOVWBeispicle\Test
AVAL-1D ¥
4 l 4 1 3
Iﬂl lml lﬂl | Make New Folder | [ CK ] | Cancel |
Figure3-10: Step 1 of the RAMMS Project Figure3-11: Window to browse for a new
Wizard Project Information. project location.
Step 2: RAMMS | Debris F Wiza
1 Click into theSelect DEMile field to e
browse for the DEM fil€ASCII or GEC GIS Information
o q Choose DEM (Digital Elevation Model) file (ASCI or
T":F) Locate yOUDEM fileon your disk GEOTIFF) and specify the grid resuldtiun of your
or in the folder set in the RAMMS pre —
erences. Select DEM-file:
1 The grid resolution of your DEfe is dnmase 1€— @
shown in (2). Change the resolution, _ ,
. . i Grid Resolution
needed (bilinear interpolation). Grid Resolution (m): 20 | 2 i
1 ClickNext 3
| Cancel | | Previous | | Hext |

Figure3-12: Step 2 of the RAMMS Project
Wizard: GIS Information
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Continuation of exercise 3: How to create a new project

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

9 Enter the X and Y-coordinates of the lower left and upper right corner of your project
area, usingany Cartesian coordinate systefe.g.the Swiss Coordinat&ystemCH1903
LVO03, asit isshown below for the Valléede la Sionnearea.

1 You can clip the DERY entering new boundary coordinates or by specifyangolygon
shapefile (2).

1 ClickNext(3).

_ X

Project Wizard - Step 3 of4

§ Upper right corner
A (Xmax, Y

Project Boundary Coordinates

Enter Xmin (WEST), Xmax (EAST), Ymin (SOUTH)
and max (NORTH) coordinates of your project

Y max (m) NORTH
l 105200.0000

X min (m) WEST X max (m) EAST
626000.0000 622200.0000

¥ min (m}) SOUTH
103100.0000

2 BT e pr < 4 — 1 Clip DEM with polygon shapefile

K] Lower left corner |77~ 5747 W =X
X min, Y min) [7557 4| 7

‘,'}'. SST: = ) = // 3

Cancel Previous Hext

Figure3-14: Step 3 of the RAMMS Project
Wizard: Project Boundary Coordinates.

FidUreS-iSf I‘:’f‘ojéé'l[‘ coordinates: lower left
andupper right corner of project area.

Project Wizard - Step 4 of 4

Project SUMMARY

Project Type: DEBRIS FLOW -
Project Name: Test

Sep 4 _Prrujte;t Qe'zcriptiun
est Projel
1 Checkhe project summary 23201
. . Project Location: DARAMMS\DEBRISFLOW\Beispiele
1 To makechanges cliclPrevious to cre- est

DEM-File: D:\RAMMS\DEBRISFLOVWBeispiele\Wildibach

ate theproject clickCreate Project \ihm.sse

Grid Resolution: 2.00000

Project Boundary Coordinates:
Xmin (WEST): 626000.00
Xmax (EAST): 628200.00
*¥'min (SOUTH): 103100.00
“rmax (NORTH): 105200.00

| Cancel | | Previous | ‘ Create Project "Test" |

Figure3-15: Step 4 of the RAMMS Project
Wizard: Project Summary.

Project creation:
1 The creation processcan take a while. Different statusbars will pop up and show the
progressof the project creation process.
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The following fileswill be created in the project folder.

I ™ = | Test - O X
Start Freigeben Ansicht e
4N <« RAMMS » Testing » 1.7.0 » DBF » Test v D Test" durchsuchen el
. IRl Mame Anderungsdatum Typ Grafe
¥ doc 1 Dateiordner
=] B logfiles 1 Dateiordner
L Q{ dhrm.asc 1 ASC-Datei 58'649 KB
A || dhm.sav 1 iditt Document 16'383 KB
e [ Test.db2 6:21 DB2-Datei 2KB
al T
p | | Test.dom 1 DOM-Datei 1 KB
|| Testxyz 1 X¥Z-Datei 4T'553 KB
Il
|| Test_dom.dbf 1 DBF-Datei 1 KB
v [ Test_dom.shp 1 SHP-Datei 1 KB
F Q{Test_dom.shx 1 SHX-Datei 1 KB
Il
T
3 Die
- Mz
10 Elemente =

Table3.1: Listing of files and directories created with a new RAMDEBRISFLOpYoject.

Figure3-16: Project files

File/ Folder Purpose

doc (folder) Folder containinginput and output log files
logdfiles(folder) Project creation and calculationlogfiles
dhm tif GEOTIFgrid with altitude values
dhm.sav Height information used in RAMMS
_.db2 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 whichcan be helpfulwhenworking with
RAMMSTheyare explainedin the exercisedelow.

3.4.1 Openinput- and output-files

The easiest way to open either inpatr output-files is by using these toolbar buttons:

Track Edit Input Show Ru

3 |EEE W S

4

Figure3-17: Toolbar button to open an input file. You can also use the ngemd O | M h L
Input File

Track Edit Input Show Ru

HF FEE W S

A4

Figure3-18: Toolbar button to open an output file. You can also use the memNil O { M h
m ! Lt yOKS {AYdz I GAZ2Y
RecentMenu

Themenuwt NI O b allo®©yButaidkectly open your 10 last accessed files (input and output),
without having to seatt for them.

3.4.2 Visualizing shapefileand domain-files

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

Exercise3.4a : Visualizing shapefiles ammain-iles

a. Filestab in the right panel:
9 Click on theilestab in the rightDEBRIS FLOysnNel.

1 In the file tree below, you will see your available project files (polygon and domain s
files.
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neral Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files

=& Polygon
: [J& Blockrelease shp
=423 Domain

-2 [E] Test_dom shp finput)

-

Figure3-19: Files tab and available project files (4ﬁ_tee,_dasTed_red)._
With the blue + button, files from external directories can be added to
the file-tree. Refresh the tree with the refredbutton.

9 Clickthe checkbox(left of the filename and the file will be shown in your visualizatic

Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files
-3 Palyag

ain
415 Test_dom.shp {input)

v

Figure3-20: Selected file (Blocklease.shp) on the right is shown in the visualization.

1 You can select and visuadias many files as you like!

Shapefile Properties

1 Line thickness, color or linestyle can be adjusted for every individual shapefile-ciRigt
on afilenameand chooseshapefile properties

Files  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files
=3 Polygon

Shapefile properties
Release properties

Set as hydrograph
Deposition analysis

Delete
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Figure3-21: Rightclick menusShapefile propertiesReleasegroperties
Set as hydrograpland Delete

@‘ RAMMS | Shapefile Pr.. X @ RAMMS | Shapefile Pr.. X @ RAMMS | Shapefile Pr... X
Shapefile: Releaze.shp Shapefile: Release.shp Shapefile: Release.shp
Color: red ~ Color: red ~ Color: red e

) brown
Linestyle: Dazhed w~ Linestyle: Dazhed w Linestyle: _v
Solid orange
Line thickness: Line thickness: | Dotted Line thickness: [yelow
Dashed lightgreen
Dash Dot green
Cancel OK Dash Dot Dot lightblue
blue

Long Dashes
Lo = KT R, —y v

Release Properties
9 Please sesection3.5.10n page38on how to specify release area properties.

Set as hgrograph

9 With this option you tell RAMMS, that this polygon shapefile is a hydrograph release
Seesection3.5.20n 41 for more about hydrographs.

Deposition analysis

1 This function is only available in output mo@&ee section4.2.2on page69on how to do a
deposition analysis.

Delete
9 Delete a file from disk.

b. Adding files to the project

You can add files to the visualization using one of these options:

1 Adddata: Usethebuttor¥ 2 NJ G KS yISR/RIz RUDAL{Q (2 | RR I
is located outsie of your project directory, it will be added to the filzse.

f Add files from folder: Use the buttc ¥ (Add files from external directory) below the fil
tree to add all the files from an external directory to the Hitee. These files are adde
during this RAMMS session. After you exit and restart RAMMS, you have to add tF
again.

9 Drag & Drop: see next section.

c. Drag & Drop
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LGQa Ll2aaAaofsS (2 5Nr3 g 5NRLI GKS F2ft26AY

Inputfiles (db2)

Output files (.out.gz)
Polygon shapefiles (.shp)
Domain shapefiles (.shp)

= =4 =4 =

3.4.3 Hillshade visualization

UseExtras4 Create Hillshade Imade create a hillshade visualization. For this we follow the instruc-
tions from ArcGIS at

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

to calculate the hillshade representation of your DEM, see Figures below.

Figure3-23 DEM surface visualization (with shadowdgeatreating a new project in RAMMS
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Figure3-24 Visualization after creating and adding the hillshade image to RAMM

3.4.4 Changing maps andrthophotos (aerial images)

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

To check which map and orthophoto is currently loadethe project, open the project input (or out-
put) log Project4 Input Log Filp Next toMAP / ORTHOPHOTO INFD will find the location and
name of the loaded map and orthophoto, respectively.

Exercise3.4b : How to add or change maps and orthophotos

d. Add or change a map:

1 Goto ExtrasIbAdd/Change Mapor cIickEJ.
9 If more than one map is found, the followingwindow pops up, listing the mapsfound:
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Found several possible map files... X-Dim “-Dim  [Size (MB})
0 et\RA ps\WD B 2458 3256 224258 -
1 FANetRAMMS\Maps\WDLS_BIG tif 5593 4793 53.5095
2 F\MetRAMMS\Mapsitest tif 2192 271z 3.34166
3 F\MetiRAMMS\Mapsiwdls-bigbig. tif 4060 4360 479636
4 F\MetRAMMS\Mapsiwdls_small tif 2182 271z 334166 -

4

(2

| Cancel |

| Load selected map | |

Figure3-25: Window to choose map image.

Information on the imagedimensions(x-Dim and y-Dim, pixel)and size(in MB)are pro-

videdand might be a selectioncriterion.
I Selectthe map you wishto add and clickLoadselectedmap.

e. Map not found

 If the question "No map found, continue search?" appears, you either R 2 yh@ue an
appropriate map, the map-folder directory isnot set (or wrong) or the map issavedin a
different folder. In the second caseclickYes and choosethe correct folder. A window

pops up to browse for the correct map location and file.
9 Or clickNoto cancel search.

f. Change remote sensing imagery:
1 Go toExtrasIbAdd/Change Imager clickﬁl.

3.4.5 Moving, resizing,rotating, viewing

Exercise 3ic: Moving and resizing the model

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

1 By clicking on tharrow O the model can be moved and resized.
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Figure3-26: Activeproject with lines and corners for resizing.

I To movethe model without changingsizeor agect ratio, movethe cursor to the
model and checkif the cursor turns to “*. Then clickand hold the left mouse
button and drag the modelto the desiredposition.

9 To resizethe model without changingthe agect ratio, usethe mouse wheelto zoom
in or out. Alternativey, you canresizethe model by changingthe percentagevaluein

the horizontal toolbar & 1% =]
b. Terrain model has a dimension > 100%:

All stepsexplainedabove are still possible.
In addition to this, the white handright nextto the rotation button becomesactiveas

=a =

well. Afterclickingon this so-calledview panbutton - , it isalsopossibleto move
the model.

Exercise 3ld: Rotating the model

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

by moving thecursor directly on one of the axisuntil the cursor changesrom @to &
a freehandrotation in anydirectionis possible.

. Otherwise

Figure3-27: Activeproject with rotation axes.
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Exercise 3le: How to switch between 2D an8D mode

CIicleto switchfrom 3Dto 2D view. Thisbutton then changesto ﬂland by clicking again, yo
willreturn to 3D view.

Figure3-28: 3D view of example model. Figure3-29: 2D view of example model.

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

INPUT: OUTPUT:
1 Draw new polygon shapefil‘;| 1 Draw new polygon shapefil‘,‘I
Release area formatic|i| i Drawnewline profile A

+ -

I Measure distance and ang

+

1
9 Draw new domait <F
I Measure distance and ang

3.4.6 Cobrbar
Assoon as a parameteris shown in the project, the colorbar appears on the right side of the

main window. It can be turned on and off by cIickingonE].

The cobrbar can be moved anywhere in the screen (and can get lost). UseProjecthGet
Colorbarto find a lost colorbar.

Exercise3.4f: Editing the colorbar

Changinghe minimumand maximumvaluesof the colorbar as well as changingthe number
of colorsusedis done in the panelDEBRISFLO{ght of the map window)

33



CHAPTER 3: SETTING UP A SIMULATION

- MIN / MAX | COLORS —————  TRANSPARENCY / CONTOURS
Max: 0 Transparency %
o)<t > ®
w  [on o @
n m 0 Simulation Centour Lines
Nr of colors i) 2 X &

Figure3-30 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.
1 2)Toview the underlying topography or image, you can change the transpat®ncy
entering a value or moving the slider.

I 3) Simulation catour lines Contour lines of simulation results can be visualized.

Default contour levels are:

- Flow height (m): 1.0 2.0 3.0 5.0 10.0 (H_CONTOUR_LEVELS)

- 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 Megelkm 2B ANDo ¢e FVIE 00O

4| DEBRIS FLOW

PARAMETER: Flow height (m)

r MIN | MAX | COLORS - TRANSPARENCY / CONTOURS —

MAX o Transparency %
< > @
m o Simulation Contour Lines
o o
r Various
Files General Volumes Region
Shapefiles, MuXi-Files and Domain-Files
=+ |C
-3 Polygon
¢ =& A_Hydrograph_Rel shp
O @ Bamiers.shp
[1/Z1 bia sho

Figure3-31: Simulation contour lines

You can change these contour levels by adding the following lines in théfaldrences (be-
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
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Changing colorbar color and position:

I Open the editing window by either choosir

Edit 'p Colorbar Propertiesor cIicking in
the vertical toolbar.

1 To change the colorbar properties simply cl
into the field you want to change, then cliek

I Under Edit I'h Colorbar White Colothe text

## Colorbar pr

operties

=10 %]

Colarbar

Oriertation |
|
Major ticks \
Ihinar ticks
Tick irterval
Title

Texdt colar
Text font

Calor

Wertical
D(255,255‘255)
7

4
)
Floswy height (m)
[ 255,255 255)
Helvetica

Text style

Mormal

Text fort size

11

color of the colorbar can be changed to whit on
This can be useful when changing the ba rigyre3-32 The Colorbar Properties
ground color of your projedib white Tracklh window.
PreferenceshDebris flowTablhBackground

Color.

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 RAMMSDEBRISFLOWojectWizard (see figure 3 on page 2b Thecreated input file hasthe
ending*.db2.

The secondituation,in whichthe input file is savedautomaticaly, is when a calculationis strted.
The savedinput file hasthe samename asthe created output file.

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

a. Input file:

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

1 If you wish to save a copy of your file under a new nameo JoackihSave

Copy Aor click =
1 A window pops up to choose an old file which should be overwritten or to type @wa n
name, then cliclSave

b. Programsettings
1 If you have moved and/orraotated your project for a better view, you cansavethis

position by goingon ExtrasihSave Active Positian
1 You cannow getbackto this positionanytimeby choosingextrasibReload Position
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Exercise3.4h : How to open an input file

= =4 -4 -4 -9

Goto Track MyOpenIlinput File clickﬁ' or useCtrl+0Q.
Awindow opensto browsefor a debris flowinput file (.db2).
ClickOpen after the file name wasseleded.

The project willbe opened.

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

Exercise3.4i : How to visualizea shapefile

=a =4 4 A

To visualizea shapefile,goto GISThAdd data or click il
Awindow opensto browsefor a shapefile (*.shp).
ClickOpen after the file was selected.

Alternatively, you cardrag & drop the shapefile from your windows explorer onto 1
RAMMS GUI.

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

= =4 -4 A -9

Goto Track MHOpen...MDebris Flow Simulation clickl:;ﬂ or useCtrl+A

A window opens to browse for a debris flow simulation file (*.out.gz)

ClickOK

The simulation will be opened.

Alternatively, you camrag & drop the output file from your windowexplorer onto the
RAMMS GUI.
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3.4.8 About RAMMS

Someinformation about the RAMMSnstallation on your computer is found here: Help MhAbout
RAMMS If you click on the Inf@utton left of the OKButton, RAMMS will display the RAMMS
License 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 WSL/SLF.

October 2022, SLF Davos Switzerland.

Copyright (c) 2010-2022 by SLFAWSL:
Marc Christen, Perry Bartelt and others

o oK

Figure3-33: About RAMMSDEBRISFLOW
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3.5 Running a simulation

To run a calculation or a specific scenario within a newly created project (creating a project see
section 4.3) it is necessary to

define a release area @n input hydrograph
an erosion area (not mandatory)

a calculation domaiand

friction parametersk | Yy R Vv

= =4 -4

The definition of a smaller calcuiah domain is especially usetol keep the number of calculation

grid cellsas small as possible, that is, it is best to test what the flow path of alaion will be to

limit the calculation domain to this extent. The exercises below show you how to create a release
area, how to use an input hydrograph and how to create autafion domain. A simulation also
requires a set of friction parameterBetails on the friction model used in RAMMS::Debris Flow are
given in sectior3.1.4 How tocalibrate the friction values is explained on p&ge

3.5.1 Release area

There are different possibilities to include a release area intgtiogect. The following table gives an
overview of the possibilities RAMMS offers. For further explanations see the exercises below.

Create a new release area If there is no release area available for your p

(exercise 3.5a) ject, or you wish to create a e one, switch to
2D modeand click4® (Draw new polygon shape
file)

Openan existingpolygon shapefile Use the filetree in the righthand panel Fileg

(exercise 3.5b) and click the shapefile you want wisualize Or,
use the®W! R R (bitbn*-or menu to visualizg
a shapefile from another source.

Exercise3.5a: How to createa new releasearea(polygon shapefile)

Switch to 2D mode by clickiL.%,’i'.

Activate the project by clickingon the maponce.

Click® (Draw new polygon shapef)le

Click into the project where you want to stalrawing the outline of the releaggoly-

gon.

9 Continue drawing the release polygon by moving the cursor and clicking tinedefte
button.

I To erd the release polygon, click the rigmousebutton. The polygon will belosed

automatically.

=A =4 =8 A
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B i /2

& TEON 00 025 0.50 0.75 1.00
{ LA ,W“' 5 } Variable Release Height (m)
o i Y2 s !'; T T

Figure3-34: Project with emerging release area

Before the release area is created, you havariswer a few questions:

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

9 Choosea newpolygon shapefilename:
Enter a new name for thpolygonare&(s). The endingshpis added automatically.

Thepolygon shapefilevill now becreated and opened directlifhe colorbar is not yet shown,
because you have to define a release depth first (in case of a block release, see next exercis
or you have tadefine thepolygonarea as a hydrograph area (see exer8ds; no colorbar
needed).

Exercise3.5b : How to openan existingreleasearea(polygon shapefile)

9 Use the filetree in the righthand panel (Files) and click the shapefile you want to vis-
ualize (see chapte3.4.1).

 Alternatively, you can use the Add data butt¥1or menuWDIIh{ RR Roladdla Q
shapefile from another source than your project directtwyour visualization

Once golygonarea is created aspened youcanspedfy the release depth (in case of a block release)
Switch to2D mode choosdnput lHRelease area.l’lhDetails/Editrelease area click the button

or rightclick the polygon shapefile in the Fil{€ab and choos&elease propertiesand choose the
release area polygon by selecting it vihe left mouse button The appearing window yields infor-
mation about release area, mean slope angle, mean altitude and estimated release volume. And, most
importantly, the releas@epth canbe entered, see exercise below.

Additional release information is found ihe Debris Flowpanel tab VolumesKigure3-35and Figure
3-36) below:.
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DEBRIS FLOW DEBRIS FLOW

PARAMETER: Max velocity (mis) PARAMETER: Max velocity (mis)

Fles General Display Volumes Region Fles  General Display Wolumes Region

Volumes and areas Volumes and areas
Proj rel area (m2) Proj rel area (m2)
Incl rel area (m2} Incl rel area (m2)
Block volume (m3) | 11446 | Hydrograph volume (m3) | 5000.0 |
Block mass (t) 2289.3 Hydrograph mass (1) 10000.0

Density (kg/m3) 2000.0 Density (ka/m3) 2000.0

View/Edit release area | -# View/Edit release area
Figure3-35: Block release area and Figure3-36: Hydrograph area and volume
volume information information.

Exercise3.5b : Specifyreleasedepth and view releasanformation (block release)

I Switch to 2D mode by cIickiLf,,’ll.

1 Activatethe project by clickingon the topographyonce.

1 Click on theView/Edit release aredutton +* (1), (in thehorizontal toolbar or in the
volumes tabin the panel)chooseL y LJdziT ™ wSt S &S I NBI dd«
areaor right-click the shapefile in thEilestab and selecRelease properties.

I Then click on the release area you want to get informatiorf2)nA red polygon is
drawn around the selected release ar@de following window appears
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Track Edit Input Show Run Results GIS Extras Project Help

i M8 o vomederz | A\DOGQ, a XvVie aee [

+ ~ 4 AVALANCHE
T o
PARAMETER: 2
id B € RAMMS | Release Info
@ Files  General Display Volumes Region
E Release area information A
@ 2k Shapefiles, MuXi-Files and Domain-Files
= Mean slope angle (°): m 4 (423 Polygon
Mean altitude (m): 2440 14 ] & e
b
[,I, L | =
. ; [J& Marcshp
— Incl. area (m2): 140295 0 & ﬂ MuX
@ i D@ M30_mu.asc (nput)
= [ M30_xi.asc
® Release volume (m3l 70147 51 Ehan & ’j Domain
: 05 e MBE = Domain_dom.shp
@ Release depth d0 (m)| " { D J Marc_dom shp
@ i O @ Shape_Domain_dom.shp
O @ Test_dom.shp (input)
0 =t = :
B [J secondary 03 Meroshp
-[][8 Shape_Domain.shp
Cancel
3) v Y
® ‘ ’
< >
Click to edit and get info about release shapefile. X: 593401.29 Y: 127800.74 Alttude (m): 2512.45

Figure3-37: View/Edit release area

1 Enter arelease depth in the fieRelease depth dO (m)he corresponding release volun
is updated automatically.

1 Additionally, the following release area parameter are shomean slope angle, mea
altitude, projected area and inclined (real) area

1 A releasedelay in (sfan be specified in the last line

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.

3.5.2 Input hydrograph

To simulate channelized debris flows it is advantageous to use an input hydrograph. Hawsver,
requires knowledge of the amount of material (disae) that flows past at a giveocation. For a
RAMMS simulation with aydrograph you have two optionsitker you knowthe discharge at differ-
enttimes at a given location, e.g. @sated by measured flow heightgd corresponding channel cross
sections or you use the estintad total volume in combinatiowith empirical rehtionships between
total volume and maxnum discharge (e.g. Rickenmann et al. 1999).

Field measurement of debris flow properties is beyond skepe of thisnanual however if debris
flow activity in a catchment is frequent, it mag Ipossible to obtairadditionalinformation for cali-
brating RAMMS by installing a moniitag station. Many debris flowsyhen the monitoring data are
simplified, have a relativelyraple triangular wavéike shapdFigure3-38). Assuming a weéstimated
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total volume (e.g.iéld data), maximum debris flodischarge @) and corresponding timel), as well
as the endime (t2) can be calculated. Weall this a threepoint hydrograph calculation.

In nature, discharge hydrographs are generally better described by four pbigte€3-39 and Figure
3-40). However, a thregoint hydrograph results inightly larger flow heights and flow velocities after

Discharge [m3/s]

12

0

Q1. t1
.. Maximum discharge

-=-Three-point-
hydrograph

Total volume

Q0. 10 Q2,12

0 200 400 600 800 1000 1200 1400
Time [s]

Figure3-38: Threepoint hydrograph with total volume of debris flow

the maximum discharge. If the detailed discharge hydrograph is not known it is useful to choose a
three-point hydrograph. In critical applications we encourage users to evaluate the sensitivity of the
model results to the shape of the input hydrograph, e.g. when preparing different scenarios as a basis
for hazard maps.

Discharge [m3/s]

——Four-point

hydrograph
&
--+-Three-point-
hydrograph
4 .
0 200 400 600 800 1000 1200 1400
Time [s]
Figure3-40; Comparison of a thrépoint with a fourpoint hydrograph 42

for the given dischamgdata with the same total volume.
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Input data for a discharge hydrograph

In RAMMS::Debris Flow one has the option to enter up to 10 points to define an input hydrograph. It
requires discharg€), timet and velocity at different times. A thregooint hydrograph for the event
shown in Figs. 4.24 and 4.25 might look as following:

Table3.2: Data for discharge hydrograph.
Timet [s] DischargeQ[m3/s]  Velocityv [m/s]

Point 0 0 0 6
Point 1 2.2 8.8 6
Point 2 1500 0 3

The other option is to define total volumé,:, corresponding maximum dischar@raxand time when
the maximum discharge occurs. The time of maximum discharge is typically observed just upslope

% RAMMS | Run Simulation it

General Params Mu/¥ Release  Erosion

RELEASE PARAMETERS | 7 [Juse BLOCK release

- Release Information

Hydrograph  Block Release

Hydrograph Parameters ‘?

- Release shapefile(s)

Hydro_low_rep.shp

r Inflow direction

Inflowe direction (degrees) ?

- 3-Point Hydrograph

uuuuuu

I Edit hydrograph table I

Hydrograph-Plat  Hydrograph-Table

t(s) Q (mi's) v (ms) |
0 0.000000 0.000000  |6.00000 P
1 2.20000 2.50000  [EXOIDNY
2 1500.00 0.000000  |3.00000
3 0.000000 0.000000  |0.000000
0 000000 0 000000 0 000000

-\
Figure3-41: Edit hydrograph tableThe checkbox (red rectangle) must
be set to be able to edit the hydrograph table.
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2F GKS tSIFIRAYy3I SR3IS 2F (KS Ff26 LINRoOolote 2y
onds afterthe arrival of a debris flow at any given location. This allows the calculation of the time at
which the total volume passed the hydrograph locatitag(. Discharge is linearly interpolated be-
tween known Qualues.

In both cases, the inflow directidmas to be defined, which is described as the angle in counterclock-
wise direction from the sxcoordinateof the topographic dataHigure3-42).

x| ORI 1D =

e T T e 2 28
/ : { Phs G i Upper right corner {7
i Coordmate system .~ e 5‘ l' ,/ﬂx‘(; PP g =
Angle ofinflow y A 28 /A SN ' Y -
direction-with of digjtal elevation ,,, ¢ ; .{x M )0 ; SR z
% respect to the megel AR L

)y 1 A I8 ] l
17 x-coordinate i/ b
160° IV [Ea
-~ » X _'.’, ," 0
0
vl J I
i

Inﬂo~ durecnon N
7 ,‘; of hydrogr‘aphA = 5

Y

1.

A
XX,

Flgure3 -42: Definition of |nflow dlrectlon of an input hydrogréph

Exercise8.5¢c: How to use the input hydrograph

Hydrograph locatiorand calculation domain
1 Draw apolygonareawhichextends over the potential debris flow width with tHé5 NJ- &
L2 f @32y bk EeelSeEtivrs. Blwhere you want to place the inputydrogrgph
(Figure3-55). Be sure your release area covers sevegald celld! The input will initially
flow downhill perpemlicular to the lineName your release area accordingly.
9 Rightclick your release area shapefile and cho8s¢ as hydrograph
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‘ PARAMETER:
Files  General Display Volumes Region
\ Shapefiles, MuXi-Files and Domain-Files
£ Polygon
[J5 Blockrelease shp
=23 Domain Shapefile properties
\ L18 Tes Rel rti
) doma elease properties

Set as hydrograph
Deposition analysis

e ’

Figure3-43: Beam shapeg@olygonarea (red rectangle) for the input hydrograph inside the

calculation domain (green line)

9 Draw acalculationdomain (see sectior8.5.4), such that the area of the input hydrograj

is located inside the domain

Enter data of discharge hydrograph

9 Once you start tdRUN a calculatiorfsee section 3.4) you can enter the disctge hydro-
graph information in the corresponding tatlydrograph For details on how to enter th

hydrographdata see beginning of this secti8rb.2
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3.5.3 Erosion

To include one or several erosion areas in the simulation, do the following:

1 Draw polygon shapefiles for varying erosion areaslUgelJdzii h t 2f @ 32y &Kl LISTA
Polygon Shapefil® do this.

1 Open theRun Simulationvindow, dange to theErosion Taland start to enter the erosion
characteristics.

1. Select shapefile
2. Chmse/select parameters, s€kable3.3 below for details.
3. Click thet+button to add your selection to th&rosion Shapefile List

XR2 (KS alFyYS F2NJ SOSNE aKIFILISFA{S @2dz ¢l yid (2 dza S

4 RAMMS | Run Simulation et

General Params Mu/¥  Release Erosion

EROSION PARAMETERS ?

Erosion Shapefile Properties
| click to select 8= X 1

2000.0

0.0250 | Normal

0.100 || medium

1.000 medium

0.00

Erosion Shapefile List i

Delete | (Clear List

Figure3-44: Erosion Tab
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Erosion Parameters

Table3.3: Parameterdor erosion areas.

Erosion density
(kg/m3)

We suggest to use the default density (or the density that you selecte
the Params tab) unless you have mdegailed information.

Erosion rate
(m/s, default 0.025)

1 Loose, wet sediment
(0.05 m/s)

1 Normal (0.025 m/s)

I Densely packed sedi-
ment (0.013 m/s)

The rate at which debris flows entrain material from the sediment bed
There arevery few values available from the field (see Frank et al.), sc
propose using a constant value based on the work published by Berg
al., 2011 (0.025 m/s), for the lligraben torrent (erosion rates measure!
using sensors buried in the channel bed)isTf a rate that the model wil
use for entrainment until the predicted erosion depth is reached. Incre
ing this value will cause sediment to be entrained at a faster rate, poti
tially resulting in relatively large debris flow snouts.

Pot. erosion det:
(per kPa, default 0.1)

1 deep(0.2 per kP&
1 medium(0.1 per kP&
1 shallow (0.6 per kP

This parameter controls the maximum potential erosion depthiélde e,
in the paper by Frank et al.) as a function of the maximum shear s
reached in each cell. This value actually is thpesbf the line which relate;
em to the maximum shear stress calculated for each cell. By changin
value of this parameter to g. 0.2 (menu choicdeep you will double the
maximum potential erosion depth.

Critical shear stress
(kPa, default 1.0)

7 low (05 kPa
1 medium(1.0 kP&
1 high(1.5kPa)

This is the value at which erosion cgtart occurring. It might be reason:
ble to expect that a channel bed consisting of interlocked boulders w
have a larger critical shear stress, while a channel bed of saturated {
gravel would have a lower value. Our value is just a curve fit talthae
reported by Schirch et al. (2011).

Max erosion depth
(m, default 0.0

Here we can set a maximum thickness of the layer of erodible sedim|
such data are available (e.g. in some cases we may know that thenly i
a limited amount of sediment availabl@jhe default value is 0.0, meanir
that the erosion algorithm is calculating the max erosion depth itself.
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3.5.4 C(Clculation Domain

To reduce calculatiotime, you can specify a smatlealculation domain to reduce the number of com-
putational 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 can limit the calculation dntha

area of interest.

Switch to2D modeand choosédnput hCalculation Domain..[bDraw New Domairor clickZ. Now
you can draw a polygon containing the area of interg@stilarto drawing a newpolygonarea (see
exercise "Create release area" on pa8ge We strongly resmmend using smaller calculation domains
especially if you calculate with small cell sizes (e.g. < 5m).

(ﬂ' s
Figure3-45: Calculation domain in green encloses the area of interest and reduces

calculation time incomparison with the default rectangular domain which is automatically
generated.

S
.|

Exercise3.5d : Finding an optimized calculation domain

9 Open your input file.
9 Draw a rough calculation domain as &iped above, se€igure3-46 below.
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e\

Figure3-46: Input file witha roughcalculat.indomin

1 Do a rouglcalculation with a simulation resolution of 4m (instead of 2m, e.g.).
1 Wait for the simulation to finish. The simulation result will be displayed.
1 Click theMax FlowHeightbutton ®

Figure3-47: Max FlowHeight of a4m simulation

ClickGIS4 9 E LJ2ANTrééte Envelope Shapefile

Question Use buffer?

ClickYes We want to use the envelope shapefile as a calculation domain, and there-

fore we want to buffer it a little bitClickNo if you want to have the exadEnvelope

Shapefileof your output result. Beware: the MiMalue of your colorbar will be used as

the lower limit for theEnvelope Shapeflle

9 Choose a filename for the envelope shapefile (a name is propasedding the MIN
value of your colorbar, if you want an exact envelppe

1 The created envelope shapefile is shown in the visualization as a dashed red line.

= =4 =4
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Figure3-48: Envelope shapefil@ashed red linepf Max Flow Height extent

1 Switch back to the input file
 Uselnput4 / | £ Odzt I (i A 2yLoad Bxitind Dokaito load your envelope
shapefile as a new calculation domain, $égure3-49 below.

it

Figure3-49: Input file with optimized calculation doin (evelope shapefile)

1 Now redo your simulation with a simulation resolution2of.
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3
-
L
[=2]
‘D
=
3
=

Figure3-50: Max Flow Height result of2m simulation

1 In this example, the much smaller new calculation domain s&0e&!!!!! of the
computational time.

3.5.5 How to run acalculation

To run a calculation you have to open a created prog®attjon3.3), load a release argaection3.5.7),
and draw a calculation domaiifsection3.5.4). Below you find anxample for running a calculation
with constant release height and constant friction paramejeedV,

Exercise &e: How to run acalculation

9 To run a simulationchoose Run My Run Calculation or click <
1 The RAMMS| Run Simulationrwindow opens.Before clickindRun Simulationyoushould
checkthe input parameters.

General Tab:

- SCENARI®ame

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

(2) Save Max Values Onlyyou want to save disk space and if the max values are all yo
interested in, then use this featuréfter a simulation finished, all ASCII files (depositi
max flowheight, max velocity and max pressure) are exported automati€a#lysimulation
results cannot be visualized in RAMMS

51



CHAPTER 3: SETTING UP A SIMULATION

Additional Information

(3) Project name

(4) Details Add valuable project infe
mation to this field

(5) Calculation domain.

(6) Digital elevation info: Digital elevatio
model (DEM) file

StopCriteria

(7) Momentumstopping criteron, seesec-
tion 4.2.50n page74.
(8) Center of mass stopping criterion, s

section4.2.50n page74.

Remarks

9a9allISeE FyR a/ i
cancel resp. start a simulation.

(10)Check boxRun in backgroundOption
to run simulations in backgroun
mode. The RAMMS interface remai
active and allows the user to start e.
new simulations

4 RAMMS | Run Simulation *

Farams Mu/X  Release Erosion

GENERAL SIMULATION INFORMATION

r SCENARIO Name

| l.|ar|uaLExampIe@ l |

[] save Max Values Only ("_Max" will be appended to the output name) 6

2

r Additional Information

Project name:

Wikdibach 6 3
Example simulation for manual E 4 ‘

Calculation domain: |‘a'v‘ildibach_E-m_r.\ax_height_(m}_envelupe.[‘ o é L

€< 6 0=

Details:

Digital elevation info: | Wildibach xyz

A=Al

- Stop Criteria

Percentage of total momentum (%) ‘1? 6 7
Center-of-Mass vel threshold (m/s): 7 é 8

Remarks
- use "Escape” to close/cancel this window 9
- use "Ctrl+r" to start a simulation e
|:| Run in background Cancel RUN SIMULATION

Figure3-51 Generalinformation
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Continuation of eercise 3.5e;: How to run a simulation

ParamsTab 4 RAMMS | Run Simulation »

General ufxi Release  Erosion

PARAMETERS

(1) Simulation Parameters

r Simulation Parameters

9 Simresolution Change, if necessar Simresaton (m: | 400 | Del-200m
Theresolution should always be che End tine (5)
sen so that important features of th Dump step (5): 1
terrain are represented in the terrai Densty (k)
model. High resolution grids will e | Parameters
tend your calculation  time Obstacte/Darm Fie: =
Curvature @ on O off 2

Y BEnd time Choosesimulationend time

I Dumpstep: The dump-step interval
defines the resolution of the animatio
of your simulation but has no effect o
the simulation results.

9 Density Keep the default value fo
density if no further information or
the debris flow material is availabl
(2000kg/m?).

[]Run in background Cancel RUN SIMULATION

Figure3-52: ParameterTab

(2) MiscellaneousParameters

1 Obstacle/Dam Fileddraw polygons of areas, where no flow should pass (houses, defle
dams, obstacles). The flowdsflected.

9 Curvature:SwitchCurvatureon or off. Since Version 1.6.20, the normal fordéncludes
centrifugal forces arising from the terrain curvature. We use the method propose
Fischer et al. (2012) which was specifically developed for RAN8ally, this increase:
the friction, causing the flow to slow down in tortuous and twisted flow paths.
Seehttps://www. ramms.ch/rammsdebrisflow/friction-parameters/for more information.

Continuation of exercise 3e: How to run a simulation
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MuXi Tab

(1) Enter the friction parameters | xySRart

first scenario simulation with default va
dz§&  062»x =r200/md8). More infor-
mation on frictional resistance is given
sections3.1.4and5.1.

(2) Check boxDefine Additional MuXi Areas

if you wantto add polygon regions with di
F S NB y & vakiesley.Ro represent si
nificant changes in the channel, heav
forested areas or perhaps smooth roac
Load the corresponding polygon shapefi
I YR RS T xfgr8p totwolagbitonal
regions. Be wg careful in using this fee
ture!

(3) Yield StressbDefinea polygon area where

you want to use an additional yield stre
(cohesion). Specify a yield stress in |
Yield stress (Pdield. See sectioB.1.40n

pagel6for more details about yield stres:

4% RAMMS | Run Simulation X

General Paramg Mu/Xi Release Erosion

MUiXI FRICTION PARAMETERS '1?

r Friction Values

ey .
wo
|:| Define additicnal MuXi areas

&2

Shapefile 1 Shapefile 2

r Yield Stress (Cohesion)

<€ 3

Be careful in using the yield stress parameter! Mu and Xi have to be newly
calibrated when using this parameter!

Help about using Yield Stress ‘?

w

“ield stress zone:

0= x

“ield stress (Pa):

|:| Run in background Cancel RUN SIMULATION

Figure3-53: MuXiTab
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Continuation of exercise 3e: How to run a simulatiorg, Hydrograph/Block release

Release Hydrograph Tab

The default RELEASE mechanfisr debris flows is &Y DROGAPH!

(1) UseBLOCKelease(Check box)As an al-
ternative to asimulation with a hydro-
graph.

(2) Hydrograph Help

(3) Hydrograph/Release Shapefilg). Release
shapefile(s) If more than one shapefile i
specified, e¥ button is shown. A tooltip
will show the additional shapefile name
whenmoving the mouse over the button.

(4) Inflow direction (degrees) Define the in-
flow direction of the debris flow at the hy
drograph input location. Click the info bu
ton for a detailed description of inflow d
rection.

(5) 3-Point Hydrograph Calulation: Define a
discharge hydrograph by entering total vc
ume V (maximum discharg€max is calcu-
lated automatically according to Ricke
mann, 1999), corresponding time at whit
the maximum occurstgay) and velocityv.
End time {eng Of the input hydrograph i
automatically calculated.

(6) Edit hydrograph table(Chek box) Acti-
vates the table (7) and is an alternative
a 3Point Hydrograph Calculation (5).

4 RAMMS | Run Simulation

RELEASE PARAMETERS ‘?

r Release Information

General Params Mu/Xi] Release J Frosion

[Juse BLOCK release

w1

Block Release

Hydrograph Parameters ‘?

<2
<3

Inflow direction (degrees) 7 e 4
- 3-Point Hydrograph —e—%

Vol (m3) Qmax (m3is) t1(s) v(mis) i2(s)
[oooooo | [s00 | [0 |[eo | [sc0000 | ?

[C] Edit hydrograph table é 6
Hydrograph-Plot ~ Hydrograph-Table k 7

Hydrogroph Plot

 Rel hapefile(s)

Hydro_low_rep.shp

] Run in background Cancel RUN SIMULATION

Figure3-54: Hydrograph Tab
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Release Block Releas@ab

(1) UseBLOCHKelease(Check box)Click this
checkbox to do &lock release simulation

(2) Block Release Help

(3) Subtract release height from DENCheck
box):Subtracts the release height from tr
DEM and uses a new DEM for the calct
tion.

(4) Shapefile and Voluménformation: Over-
view of all used release areas with volun

depths and delays, as well as the total |
lease volume.

@ RAMMS | Run Simulation

X
General Params Mu/Xi Erosion K 1
RELEASE PARAMETERS | P Use BLOCK release
r Release Information
Hydrographf| Block Release
Block Release Information | § e 2
- Subtract Rel Depth
Subtract release depth from DEM e 3
r Shapefile and Volume Information
Filename Volume (m3) Depth (m) Delay (=)
release.shp 10166.30 1.00 0.0 o
Total Volume (m3) 10166.30
D Run in kackground Cancel RUN SIMULATION

Figure3-55: HydrographTab
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Continuation of exercise 3e: How to run a simulatiort, Erosion

Erosion Tab

(1) Erosion Shapefile Specify your erasiot
shapefile area

(2) Erosion ParametersSpecifyerosion pa-
rameters.Use dropdown menus to sele«
parameter valuesSee sectiord on page
46 for more details about erosion paran
eters.

(3) Add to list button: Click the button to adc
your erosion shapefile and parameters
your erosion list.

(4) Erosion shapefile list:List of erosion
shapefiles and parameters. You can del:
sinde entries or the whole list with the
buttons Deleteand Clear List

(5) Run Simulation Button

@ RAMMS | Run Simulation X

General Params Mu/¥i Release

EROSION PARAMETERS ?

Erasion Shapefile Properties

<€« 1
|erusiun.shp |o = X
—
Eroszion density (kg/m3):
Erosion rate (m/s): | 0.025 || Normal 2 ~

Loose, wet gediment
Pot. erosion depth (per kPa): | 0.100 | jrypss)
Densely pacfed sediment

Critical shear stress (kPa): 1.000 | mediom ~

Add shapsfie @ st € 3

Max erosion depth (m):

Erosion Shapefile List

4

Delete | |Clear List

|

|:| Run in background Cancel RUN SIMULATION

Figure3-56: ErosionTab
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Continuation of exercise 3e: How to run a simulationg Start Simulation

1 Click run simulationHigure3-56)

f If you want to starimultiple simulations automatically (e.gvernigh) use¢ NI O1 I t
Run Batch Simulation¥ou can choose how many computational cores the Blsttotie
should use.

I Thefollowing window appears, showing the status of the calculatiigyre3-57)

(1) General information of the simulation, (2) output file, (3) starting the calculdddifor
every time step RAMMS calculates the maximal values (height, velocity and pressure) ¢
as the outflow mass, the moving momentum and the flow volume.

B cmd.exe /c E\RAMMS\DEBRISFLOWBeispiele\ Test\ Test.out.bat — O W

4869 node 31 elements and 4

nitializing debrisflow...

iriting output file: E:\RAMMS\DEBRISFLOW\Beispiele\Test\Test.out...

MOVING MOMENTUM: 186.8 percent (

FLOW VOLUME: 1196.60 m3

Figure3-57: Standard output log window

t\Test.out...

2018 Igor Pavlov 2818-11-18

ive E:\RAMMS\DEBRISFLOW\Beispiele\Test\Test.out.gz

Test.out

/F /Q E:\RAMMS\DEBRISFLOW\Beispiele\Test\Test.out

2 SIMULATION Test.out.gz FINISHED Sl

N Press any button
= >pause

Figure3. 3-58: Background simulation mode window
Press any button to close the DOS window.
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appear here.

3.5.6 How to run BATCH calculations

M bsSsX M wdzy
aK2dzZ R dzaSo

If you want to start several simulations automatically (e.g. overnightgusid: O |
Batch SimulationsYou can choose how mangreputational cores the Bateh 2 R S
even possible, to create a new directory for every single batetulation.

Please do the following to prepare input files for Bagimulations:

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

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

1 Then, hstead of starting a simulation, click "Cancel" (this will close the "Roanl&ion" win-
dow), and then click the "Sa@opy AsButton(or¢ NI O1 T { ), adfsaveandv ! &
input file (enter a meaningful namedb2 filg.

1 Do the procedure above for every scenario you want to calculate. Then start thefratch
cess and choosgour input file. You can also choose input files from different directories

(projects).

Track | Edit Input Show Run  Results GIS  Extras  Project  Help
Mew... * Project Wizard
Open... » Convert X¥Z -> ASCIl Grid
Close CrrleA Run BATCH Simulations
Save Ctrl+5 Run BATCH Simulation (from Folder)
Save Copy As Ex : - -

port ASCI Files from Simulations (Batch)

Export... Export ASCI Files from Simulations (from Fo
Backup... -]

Figure3-59: BatchSimulations
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4 wSadzZt ua

Once the simulation is finished, the simulation as well as the output logfild{gaes4-3) are opened
in RAMMS fiyou ran the simulation in background maqdeeeFigure3. 3-58, clickany buttoninside
the DOS window to close the windowfterwards openthe simulationn RAMMSnanually)

E
-
=
=]
@
<
3
[

Figure4-1: Main window in output mode.

If mass flows out of the calculation domain, RAMMS shows an &igtré4-2). To get reliable results
you should enlarge your calculation domésee sectior8.5.4).

OUTFLOW detected

i 3 \ ATTENTION!!
COUTFLOW volume detected: 3.59 m3

Please enlarge your calculation demain!

-

Figure4-2: Outflowvolume alert
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4.1 Project information

Once a scenario within a specific project is calculated it is possible to opentfné logfile(in output
mode) including project settings and information as well as calculation specificationscan open
0§KS LINEP 2SO0 Qti NR @A Qiilzi My &8 wisddwiak ghawn Bigured-3 opens. This
window provides information about your project and is the first thing to look at after running a simu-
lation to check your simulation results.

@ ligraben_m2 | StandaMl

(1) Information on simulation -

time and resolution. Be sure
the simulation stoppediue

tO LOW FLUNI’ CENTER Of Output filename: D:\Ramms\DebrisFlowlligrabeniligrabeniligraben_m2. out.gz
MASS Otherwise the output | simulation stopped due to Low FLux| ]

»

RAMMS::DEBRIS FLOWW RAMMS QUTPUT LOGFILE b

. Simulati i d after 730.000 L
TIME END CONDITION- Real calcuaton fm (. 0.000000 1
forms you, that your simula- Simulation resolution (m): 5.00000 ]
tion stopped before the de- SIMULATION RESULTS
bris flow reached the stop- Number of cells: 85394
) ) ) . Humber of nodes: 86386
ping criteria you defined for )
) . A Calculated Release Volume (m3): 49575.570
the simulation (see section _
Overall MAX velocity (mis): 14.5554
4.2.50n page74) Overall MAX flowheight (m); 9.38364
Overall MAX pressure (kPa): 424.300 I
J _ = l
(2) |nf0rmat|0n on Slmulatlon RAMMS::DEBRIS FLOW 1.6.23 INPUT LOGFILE |
Date: VWed Feb 17 10:39:00 2016
reSUItS' Input filename: D:\Ramma\DebrisFlowillgrabeniligraben\ligraben_m2 db2 I
Project: llgraben_Martina_saettele I
(3) Input logfile (sedrigure4-4). nfer.m |

DEM file: D:\Ramms\DebrisFlowligrabeniligrabentligraben. xyz
DEM resolution (m): 2.00
(imported from: N:rammsy12_Case Studiestligrabentillgraben_dem.asc)

Nr of nodes: 6005001
Nr of cells: 000000

Project region extent: r 3
E - W: §15999.00 / §11999.00
S - N:123499.00 /129495.00

CALCULATION DORMAIN: B
D:\Ramms\DebrisFlowligrabeniligraben\cale_dom_m.dom

GENERAL SIMULATION PARAMETERS:
Simulation time () 2000.00

Dump interval (s): 5.00

Stopping criteria (momentum threshold) (%) 10
Constant density (kg/m3): 2000

Lambda (}: 1.0

HUMERICS:

Numerical scheme: SecondOrder H
H Cutoff (m): 0.000001 _J I
Pl [

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

created and before a simulation is performed.

¢CKSNE IINS (g2 ¢gléa (2

in the debris flow panel in the region tab.

DA S &
input logfile (or output logfile, imutputmodé) = 2 NJ @8 2dz Oy OKS O]

82 dzNJ LINP2SOG aSGiAy3
8 2 dzNJ LINE 2

YouOl y 2 LISy GKS LINE 2tSNHI D%
Input Log FileThe following window opens:

This window provides information about all your pro
250G Qa AyLMzi aLISOAFAOI
cells, release areas, which DTM was used,|tiaeled

&5 lligraben_m3 - RAMMS input LOG =
File
RAMMS: :DEBRIS FLOW 1.6.23 INPUT LOGFILE

Date: Wed Feb 17 11:21:45 2016
Input fiename: D\Ramms\DebrisFlow\lligraben\ligraben\ligraben_m3 db2

Project: ligraben_Martina_sasttele
Info: . m

o AUK

DEW fil: D\Ramms\DebrisFlow\llgrabeniligrabeniligraben.xyz I
DEW resolution (m): 200
(imported from: Nramms\12_Case_Studies\ligrabentilgraben_dem asc) |
Nr of nodes: 6005001 I
Hr of cells: 6000000
Project region extent =
E - W 615089 00 /641999 00 | .
5- I: 123499.00/ 12849900

NI 2F VY 2¢

CALCULATION DOMAIN
D:\Ramms\DebrisFlow\llgrabeniligrabenicale_dom_gr.dom

GENERAL SIMULATION PARAMETERS,
Simulation time (s): 2000

Dump interval (s): 5.00

Stopping criteria (momentum threshold) (%): 10
Constant density (kg/m3}: 2000

Lambda () 1.0

map and orth@hotosas well as your global simulation
parameters.

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

RELEASE
DARamms\DebrisFlow\ligrabeniligrabenirelm2_rep.shp
Release heights:

Release nr 0: 3.00m

Estimated release volume: 151048 m3

"Figure4-4: RAMMS Project Input Log
file.

DEBRIS FLOW

PARAMETER: Ero=sion (m)

. . . . i Region
To view the project coordinates, click the re| Tes  Gene=l Display  Volumes  Feg
tap |I'S'[S Xand ¥Coordinates of 'Fhe lower Igft X extert (m) | ETGE | _| T |
(minimal values) and upper right (maxima
values) corner (these are coordinates you er] | extent (m) | 128148.0 | - | 127428.0 |
tered when .creatlng the prq;ﬁ) as Well as Z extent (m) | 7466 |_| 11656 |
the global minimum and maximum altitude (Z
value). Additionally, the total region area ig | Froiarea fkmz}

shown (inknv).

Figure4-5: Region extent (XY-and 2
Coordinates, total area).
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4.2 Visualization and analysis of the results

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

RAMMS is a model amyerymodel is a simjdication of reality, therefore the simulation results should
not be analyzed without questioning them. We strongly recommend that all users perform sensitivity
studies.

4.2.1 Visualize different parameters

Thedrop-down menuResultffers the following funcons:

Flow Heigh@
Flow Velocity
Flow Pressure
Flow Momentum
Erosion

Max values (Heigr@, Velocity@, Pressure]@, Momentum Shear Stres&rosior)
DEM Adaptions (Add Deposition to DEM)

Flow Analysis (Summary of Moving Mass)

Friction Valuesy(, V)

=A =4 4 =4 =4 4 A8 -8 4

These reults are all visualized in the topography. See exerciSeA & LJt | & A yZA- f QtieSo&¥dzf | G A 2
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Exercise 4.2 Displaying calculation values

The maximum values of flow height, velocity and pressure give a good overview of the dimen
the debris flow. You find them under
wSadzZ Ga ™ al E G f dzS& X

- Max flow height
- Max velocity
-  Max pressure

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

The flow height can be visualized exaggerated by a factor.ICEk LJ ™ ! R@I y OSRX
t NB T S NB y G&chaxge the Bckoiiof the quasi 3isualization of the flow height under the
keywordEXAGGERATION

5

‘Figure4-7: Quasi 3Bvisualization of flow héfght (left: exaggeration 1 rigAht: exaggératian 5)
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Line profileplot and time plot

In the horizontal toolbar you find two furthdunctions:

M Line Profile
9 Time Plot™"

Line profileplot

A line profile is a goodnalysis toolif the flow height, velocity or pressure should be known at a specific
location. The graph shows the currently active parameter. Every line profile is savbd file
profile shpin the project directory. If you want to keep this line profile, you have to save it, see exercise
Gl 26 G2 RNJI gbelow. £t AyS LINRTFAL S¢

Time plot

This function provides a time plot at a single point. This is helpful when it is of interest to know 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 filpoint.shpand a pant-info file point_info.ixt is additionally saved in the project

directory. If you want to keep this point, you have to save it, see exeficise2 g (12 ONBF GS |
below. The pointinfo file can be visualized WBE G N} & h t 2Ay G Xildh +ASg t 2Ay i

Flow discharge

From version 1.7.0 on it is possible to calculate the flow discharge when drawing a line profile (cross
profile). See line profile exercise below.
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Exercise 4.2b: How to draw a line profile

a) Draw a newine profile:
1 Switch to 2D mode by clickiri—ﬁl

9 Activate the project by clicking on it once, then cl or chooseExtrasIh t N2 FA £ S
New Line Profile

91 Define the line profile in the same way you speaifiyew release area. Finish the line profile
with a rightmouse click.

9 Calculate flow dischargefhswer withYESand the flow discharge is calculated and showr
the line profile plot, see belo\iBeware: this can be time consuming!)

1 A window opens, displaying the line profile.

B] RAMMS Line Profile Plot - Flow height (m) — O *

Sirmulation: Wildibach (t=105.00s)

E Cischarge = 9040 m3/s | — 1620
s i
- — 1600
£k 1 2
£ C — 1580 =
g eF 3 2
< F i 2
3z C 1 =
o — 1560 <
[ - -
1 .
o — 1540
: 1820
0 | po L
0 10 20 30
Proj. Distance (m)
SHE- (X0 -1 -2 N4 /-

Figure4-8: Line profile plotwith calculated flow discharge

Filled grey area active parameter (scale on left side).

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

- Black line track profile (altitude, scale on the right side).

- Bottom scale projected profile distance (in m).

1 If you change the active paranee, min or max values or the durgiep in RAMMS, the plot
is directly updated. You can also start the simulation and then watch the time variations
your line profile plot.

9 It makes sense to either draw a profile line perpendicular to the flow directiadraw the
line along the flow pathBasicallyeveryprofile path is possile.
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Continuation of exercise 4.2b: How to draw a line profile

Simulation: lligraben_m3

Simulation: lligraben_m?3
F = 1000 20 ]
20 i
L ] — 850
i ] 15 P ]

15 — 950 E b =
= T bt — o0 £
€t 1 = g I 1%
ot I 210 1 =2
%10 j 2 5 00 1 =
3 7 —{o00 < = es0

L ] 5
5 | .

aso . 800

ol 3 0 200 400 600

0 20 40 80 80 0 Proj. Digtance (m)

Proj. Distance (m)
Figure4-9: Line profile perpendicular to Figure4-10: Line profile along the debris flow
debris flowdirection. direction.

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

I To save the line profile parameters (distance in m and the active parameter, e.g. the flow he
m) at the current dumgstep, go orExtrash t NRE 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:
1 Switch to 2D view by cIickirQil

9 Activate the project by clicking on it once and clor chooseExtrasih t N2 FA £ 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 create a time plot

a) Select time plot point:
f Click—*orchooseExtrasih t 2Ay G I / K22aS8 t 2Ayi
9 Click into the map at the point where you want to create a time plot.
I A window opens, displaying the time plot at the poinirdkrest (active parameter vs. time).
Flowheight is always combined with Velocity, whereas Velocity, Pressure or Momentum
always combined with Flowheight.

B RAMMS Time Plot - ] P4
Simulation: Test_CenterMassStopping
A0 - — 10
N . N
B 1 S |
[ 5 Flow height B
25 :_ - \\ - — = Velocity g
= 20 - i
R L 5 )
£ N L7 E
2 18F ]
u B o
g = 4 9
C - N
10 i
- 2
05— N
N 1 n
- | |
0.0_""l‘l"l""l""l""l"" 0
0 50 100 150 200 250 300
Time (g)
HH@'|%"'%' = = = = - [278,508]

Figure4-11: Time plot window.

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

i To save the time plot data (time in s and the active parameter, e.g. the flow height, for e
dump-step), choosdxtrasih t 2 AB&piort Pbint Plot Datand enter a file name.
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Continuation of exercise 4.2c: How to create a time plot

b) Load a time plot:

T

=

To reopen the time plot graph window of the last selected point, g&Exinasih t 2 A y (i
ate Point Time Plot

To open an arbitrary time plot that was savaaly timebefore, click™".
Click themiddle mouse buttononce.
Awindow pops up and you can browse for the time plot file you wish to open.

c) Enter point coordinates and get a time plot:

T

1
1
T

Go toExtraslh t 2 ABAier PBimt CoordinateX/Y)
Enter Xcoordinates of your point of interes€lickOK
Enter ¥coordinates of your point of interest. CliCkK.
The time plot opens.

4.2.2 Deposition analysis

A deposition analysis (flow height) for a region of interest (ROI) can be donefwoiltveing way:

T

right-click the shapefile you want to ayak

9 chooseDeposition analysis
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€ RAMMS:DEBRIS FL

Track Edit Input Show Run Results GIS Extras Project Help

i EEE M & o RSO sehn 2 ANDoc¢e ¥Vie 00e |k Bo He
4 DEBRIS FLOW

PARAMETER: Flow height (m)

Fies  General Display Volumes Region

Shapefiles, MuXi-Files and Domain-Files
=13 Polygon

erosion.shp

hydro_links.shp
hydro_rechts.shp

rofile.shp
small_dom.shp
est.shp
est_envelope shp

E
5
S 1.35 48
=
8
o

-] Domain

EEE ge © © B FidE<4% «

3) Y
@ ' '] < >
Time (s): 100.00
< >
XYZcoordinates in lower right status bar X: 614994.95 Y: 126347.97 Atitude {m): 993.58 Flow height (m): 0.00

Figure4-12: Deposition analysis of region of interest.

4 Deposition Analysis - Test.out.gz *

Save || Save As... || Close

Deposition Analysis

Qutput Filename: Test.out.gz
Shapefile Name: deposition.shp
Time: 100.00 s

Flowheight Analysis:

Total deposition volume: 472 .94 m3 I

Min flowheight: 0.00 m
Mean flowheight: 0.160 m
Median flowheight: 0.020 m
Max flowheight: 1.00 m

Nr data values: 174

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

You need to have the Google EaBbftware installd on your PC/laptop, otherwise you cannot use
this feature. The use of Google Earth is for free.

LiQa LRaairotsS G2 SELRNI &2dz2NJ) NBadzZ d& G2 D223tS 9
project region is within Switzerland, you are lucky, atidyou have to do is visualize the result you
want,andthenusin@ EG NI} &8 I D223t S 9 NIKX I 9ELR NI wSadz i

___# Image © 2022 Maxar Technologies -
———— Image Landsat / Copernicus

Image © 2022;Maxar Technologies:
-

Figure4-14: Left: Visualization in RAMMS; right: Exported resuGaongle Earth@ Google
Earth)

If your project region is not within Switzerland, then the following other projections are supported in
RAMMS:

T UTM
 State Plane

Clickt EG N} & Tbh D2 2Gadglé Easth Qylio#o Xpemthe following window:
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€ RAMMS Map Options X

- Projection

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

Projection: | Switzerland  ~ 32 k7
Bessel 1841
- Projection Parameters
0.0000
0.0000
0.0000
0.0000

- Google Earth View Parameters

Wiew distance (meters): 2000.0

Inclination (degrees): 45

(0% wertical | 90°:horizontal view')

Rotation (degrees): III

(0°:N | 90%E | 180°:S | 270°:W)

Cancel 0K

Figure4-15: Google Earth Options. Chod8mjectionand Spheroid Datum)of your project
region

If youchoose aUTMINE 2SOl A2y > GKSYy AlGQAa LiPiofedianf8amaters 4 S
section. The sectioisoogle Earth View Parametease parameters for the initial visualization in
Google Earth. Change them as you like.

The Figure below shows the drolown menus for théProjectionand theSpheroid (Datumfjelds.
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Spheroid: | Bessel_1341 L
Clarke_12558
| Projection F Clﬂrk&_1 230

International_1967
International_150%
WGES_72

Ewverest

WGES_66
Semimajor| aps 1980

Airy

Semiminor | Modified_Everest
Modified_Airy
——'Walbeck -
-Google Eary southeast Asia —
Australian_National
View distd Krassovsky

Hough

Inclination | Mercury_1560
Modified_Mercury_ 1968
(0% vertical Sphere

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

Switzerland (0°:N | 90°:§ Modified_Fischer_159G0
Spheroid:  LULL South_American_1389
STATEPLANE - |WGS5_1584 —

| Canc

Center Lat

| —

Center Lon

Figure4-16: Google Earth Projecticemd Spheroid (Datumjrop-down menus

Click the HelButton ? to get help about the projections and how to specffigne Spheroidand
Projection Parameter@nly for UTM), such that your result is visualized correctly.

4.2.4 Creating an image or a GIF animation

Image

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

i’jor chooseTracklbExporiX Nylmage 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 pb#sinoutput mode.CIickEI or chooseTracklhExport...MHGIF
Animation. Enter a file name and location and wait until the simulation stoppéd. soon as the sim-
ulation finished, the GIF animatidiie is savedin the Preferencegdebris flow tal you can define the
interval for the GIF animatn (GIF animation interval [s])
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4.2.5 Stoppingcriteria
There are two stopping criteriavailable in RAMMS:

1. Standard stopping criterion: Momentutmasedg t SNOSy GF3S 2F G20GFf Y2YS
2. New stopping criterion: Centesf-mass basedy / S yofiaSNgda @St GKNBaK2f R oY

Stop Criteria

Percentage of total momentum (% ): ?
Center-of-Mass vel threshold (m's): ?

Figure4-17: The two stopping criteria avable in RAMMS

The stopping criteria can be changed when starting a new simulation, seleiguse3-51 on pages2.
You can define both stopping criteria, and the simulation will then stop when orfeof is reached,
either the momentum or the centerof-masscriterion. In the following, both criteria are explained in
more details.

Momentum-based stopping criteria

In classical mechanics, momentum p (SI unit kgm/s, or, equivalently, Ns) is the pratieatnaiss and
velocity of an object (p = mvJhreshold values between1D% are reasonable, but this is only a sug-
gestion and has to be empirically determined for each test daseevery dumgstep, RAMMS sum
up the momenta of all grid cell@lump-step-sum), thus finding a maximum momentum sum (max
momentumsum). Then the dumptep-sum iscomparel to the maxmomentumsum If this percent-
age is smaller than a user defined threshold value [Sgare above and opage52), RAMMS aborts
the simulation andhe avalanche is regarded as stopped.

Stopping criteria with large threshold values (e.g. >10%) may result in unrealistic early stopping of a
simulation. Small treshold values however may lead to numerical diffusion of the simulation results
and very slow creeping of the avalanche material and velocity oscillations.

To check the stopping of your simulation, clic§ & dzf G a [ { dzY Y I N®window simiardA y 3 a
to Figure4-18 opens which shows the summary of moving mass.
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MOVING MASS

qumaw«m

K|

[t R o

Moving Momentum

The stopping crtesia in RAMMS is based on the momentum. In classical mechanics, momentum is the product of the mass and velocty of an object = 100,00 prrrrrrrrrrr T T ASRAE FRLAEIAZE ! B
). - 1
For every DUMP STEP, we sum the momenta of all gid cells, and compare & with the maxdmum momentum sum. ¥ this percentage is lower than a user. * 8000 .
Gefined threshold vahue (see below), the program is aboted and the avaianche is regarded as stopped = '
Threshold 110% able, but this s only and must b himsef § 60.00 7
&
Flow Volume m3) Max Momentum (n2/s) Flow Momentum (n2/s) Percert % o 4000 H

148728 356952 302241 84,7000 < 1
10.1386 148728 356952 110621 31.0000 é 20.00 |- =
150277 148728, 356352 899880 xR | I - .
200184 148728 356952 810390 227000 0.00 =+ s
250701 148728 356952 704590 19.7000 0 500
301499 148728 356%5.2 6551.30 18.4000
31183 148728, 35632 6381.70 17.9000
401230 148728 356952 628360 176000 148728.00 —
451671 148728, 35632 618580 17.3000 3
50,0462 148728, 356952 609560 17.1000 %‘ 148727.50 -
551056 148728, 356952 600140 16,8000 E 3
01700 148728 356952 552230 16.6000 2 148727.00 E
65,0608 148728 356952 5663.10 16.4000

5 3
70.1421 148727. 356952 560130 16.3000 5 1A8T26.50
75.0525 148727, 356352 574240 16.1000 2 14872600
201572 148727, 356952 568570 15,9000 _E E
85,0935 148727. 356952 5638.40 15,8000 © 14872550 r
90,0451 148727, 356952 558950 15.7000 sieiene . sliaes 14
950136 148727 356952 554470 15,5000 148726’000 100 200 300 400 500
100001 148727, 356352 550640 15.4000 Time (8)
& bl [ 'S 7~ (1539
Figure4-18: Summary of Moving Masgsformation windows

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 doubt on how to choose thresh-
old values we recommend runningsamulation with a 1% threshold and checking the summary of
moving mas$or numerical diffusion and analyzing the avalanche runout (flow height and flow velocity)
with time plots (sectiorD).

threshold: 0%

0.25

0.20

RAMMS::DEBRISFLOW Time Plot - Velocity (m/s)

Velocity (m/s)

0.1

0.10

0.05

0.00

‘Il[

-4—+-IIIIIII|I|!IIIIII|IIIIIII I|IIIIIIIII|IIIIIIH—|—

II|I|II|II[IIIII

COoTTTT

1000

2000 3000 4000 5000
Time (s)

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

criteria is set to 0%.

slow creeping of the material. In the example shown in the figure above the stopping

Because block release simulations (the entire debris fizaterial starts to flow at the same time)

usually show larger values for the total maximum momentum than hydrograph simulations (controlled
inflow of debris flow material into calculation domain), the threshold values for block release simula-
tions could beset smaller than the threshold values for hydrograph simulations in some situations (see

Figure4-20 and Figure4-21 and sectiorb.2).
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Figure4-20: Stopping behaviour of laydrograph RAMMS simulation. In this example threshold values
<5% lead to numerical diffusion of the simulation results. A threshold value of 5% seems to be
appropriate in this cas.

Figure4-21: Stopping behaviour of a block release RAMMS simulation. In this example threshold va
<2% lead to numerical diffusion of the simulation results. A threshold valueg®§ & ems to be
appropriate in this cas.
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