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Statlshcs Mode vs Trajectory Mode

] \RAMMS rockfall simulations produce thousands of trajectories.

v
\\l// /

| Sta’t’ stlés Mode answers: What is the representative impact in this location?
Tréjec'fory/Mode answers: What actually happened to individual rocks?

Sfaﬂsﬁcs Mode i S.tati.stical distribution PDF/CDF
=" kinetic energy Q95 map
jump height map

reach probability

/

o ‘Evaluates all trajectories together

Ve
/s
/s

* Results stored per raster cell

* Produces hazard maps

« Used for engineering design

Statistics Mode:
Trajectory Mode Velocity

* Shows individual rock paths
« Used to inspect specific events

« Useful for debugging or interpretation | -l iy




taﬂstlcs Mode: Cell-Based Data Storage

\ I\Ifor, every ras'rér ceII intersected by trajectories, , - :
\ ‘RAMMSxéToyes , -I' Il j r I
Ty . 1|
/// // f " h 1

/i /jump hélgh’r (H) ' | \ l I

, / Tran;fa’rlonal velocity (V) - i \H y |1’| l,
/; ROfaTmnal velocity Example: Kinetic energy ; ||.'1|" [ -

" Kinetic energy (E) E = 25, 30, 32, 40, 45, .., 120 kJ
///° Scar length
~+ Scar depth

Each value becomes one sample in the statistical
distribution of that cell. Statistics are computed from
this sample set.

I All 34 Data Values (+ Output File Name): I

JumpH Vel KinE RotV Filename

3.25 18.90 589.44 3.07 Example_Pos14 PTSReal_Flat_1.77_1.0m3_0O17.rts
1.86 11.43 197.95 142 Example_Pos14 PTSReal_Flat_1.77_1.0m3_O4.rts
0.76 4.19 31.25 0.92 Example_Pos15 PTSReal_Flat_1.77_1.0m3_02.rts
3.13 11.61 219.55  1.77 Example_Pos19_PTSReal_Flat_1.77_1.0m3_O6.rts
3.20 13.36 300.68 2.65 Example_Pos19 PTSReal_Flat_1.77_1.0m3_0O8.rts
2.12 9.09 143.55 1.82 Example_Pos22_PTSReal_Flat_1.77_1.0m3_O18.rts

1.16 24.07 882.32 3.03 Example_Pos25_PTSReal_Flat_1.77_1.0m3_O1.rts
0.54 25.54 1033.67 3.64 Example_Pos25_PTSReal_Flat_1.77_1.0m3_020.rts
L 214 10,52 17244 1,51  Examole Pos25 PTSReal Flat 1.77 1.0m3 O23.ts |

Trajectory values stored for one raster cell.
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Descriptive Statistics per Cell Yo

Save Save As... OK

Grid Cell Values Summary From each cell's sample set RAMMS computes:

Date: Thu Jul 10 20:58:27 2025

Grid Cell Nr: 69570

Nr of Cell Values: 34 Cenfral fendency
 Mean

JumpH: JumpHeight {m) - Vel: Velocity (m/s) - KinE: KinEnergy (kl) - Rot\: RotVelocity (rot s-1) Media n (50‘7 qua nTlle)
° (e}

Statistic Analysis of trajectory values below

Param JumpH Vel KinE RotV . H spread

Mean 2.05 15.56 47741 2.28 .Ce” IS found by UsI ng A S.I.a nda rd devia_l_ion

Median 2.09  13.38 28554 2.16 info button:

* Interquartile range (IQR)

0% 3.87 25.93 1107.84 4.15 '@

95% 6.50 34.88 1883.63 4.99

99% 650  34.88  1883.63 4.99 The maximum

Max 6.50 34.88 1883.63 4.99 Ex!llreme values rePresenfs only one
: trajectory — not

All 34 Data Values (+ Output File Name): ® MaX| mum J . y

statistically robust.

JumpH Vel KinE RotV Filename .

325 1890 589.44 3.07  Example Posl4 PTSReal Flat_1.77_1.0m3_O17.rts Preferred des|gn values

1.86 11.43  197.95 1.42 Example Pos14 PTSReal Flat 1.77_1.0m3_Od.rts . 90

0.76 4.19 31.25 0.92 Example Pos15 PTSReal Flat 1.77 1.0m3 OZ2.rts Q

3.13 11.61 21955 1.77 Example_Pos19_PTSReal_Flat_1.77_1.0m3_O6.rts . Q95

320  13.36  300.68 2.65 Example_Pos19_PTSReal_Flat_1.77_1.0m3_O8.rts

2.12 9.09 143,55 1.82 Example_Pos22_PTSReal_Flat_1.77_1.0m3_O18.rts O Q99

1.16 24.07 88232 3.03 Example_Pos25_PTSReal Flat_1.77_1.0m3_OL.rts
0.54 2554  1033.67 3.64 Example_Pos25_PTSReal Flat_1.77_1.0m3_020.rts
214 1052 17244 151 Fxample_Pos25_PTSReal_Flat_1.77_1.0m3_023.rts

P = aa oA 1 o = Pt 1 A == A = Page4

Statistical summary computed from trajectory samples.



Set visualization quantile 4

° \\\ o
—:Quantyl/es in RAMMS _

VL / ’
(I Iy // //
¢ Q90 / 90% of values are smaller
/ / /
|/ Q95 Only 5% exceed this value
/ / / o\ im_Rock_ O j files]
[ Q99 ) Extreme impacts o s,
// / . . e
/;x/o/ //Q] /// 25% are smaller '@ﬁ*Elﬁ‘;&"‘ﬁg - ABQ 000 G BE mﬁ ::% i Max: 33.12 (i ]
7’/ P o . -
S 93 75% are smaller e kit 11955
/ 7/ r Colorbar, Display & Anil Hon Settil
4 g Max: L o Transparency %
// Min: 0.00 (i) p— o
7 - Various Colors: B (i) L 0|
Files General Display Rock Scenario Animation Control: FAST = sow @)
- Scenario Information  Various

Scenario Information

Nr of Trajectories: 300
Trajectory-Maode: OFF
Average Slope (Degrees): 40.42 f 46.57 / 47.20

Scenario Infermation
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Nr of Trajectories: 300
Trajectory-Mode: OFF
Average Slope (Degrees): 40.42 / 4657 / 47.20

Summary Statistic - Velocity {m s-1)

Summary Statistic - Velocity (m s-1)

M i e 0_1]} IR 4 SRR R T L L = R S S0 v s e S S — : ?:1:?:?:121 §
01:15.39 annu . L. . .
Mean: 15,04 - STaTISTIfa| overview of entire
Median: 18.35 e . q

scenario in Scenario Tab

i
ik M' ll‘;l!‘ |

| I-‘Il |

Ailid

il
Std Dev: 5.2 l‘ \ M!!'* "l

f *" ‘U“ . ?

Time (s): 202.10

/
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Histogram and Probability Density Function

To understand the shape of the data distribution, RAMMS provides:

Users\PerryBartelt\ RAMMS\Examples\Rockfall_Parabola\SimulationsShed\outputhSim_Rock O

HISfogram Results Statistice  Trajectory GIS  Bdras  Project  Help
o ShOWS frequency Of va I vues Plots: Scenaric (All Data) | |
m Plots: Barrier Region (Shapefile) =
12 . . Plots: Barrier Region (Shapefile - Multipl —
Probability Density Function (PDF) ots: Bamer Region (Shepefle - Multple)
» “Normalized distribution Nrofocs
* Area under curve =1 Use: Statistics = Plots: Scenario (All Data)
0.0012 e d b H 1 2x10°
. T The distribution may show: = - - .
Ay = H1 TN v -1 . o0x10°* *.png are visvalized with browser and
- v 1 « skewness 1 - I . -
0.0008 [~ A N : L = 3 O 1xt files are created with valves.
- 7 3 * heavy tails 1 8.0x10" ¢
B 5 0006 - 5 N & ; Saved under .../reports/stat_plots
g . - T * rare extreme events — 6.0x10° & -
— : m @ Scenario_JumpH_plot.png 3/11/2026 9:49 AM PMG File 148 KB
— 3
D ’ ﬂ 004 — _: 4 - ﬁ! 1 n ﬂ =| Scenario_JumpH_stats.bet Text Document 1 KB
ﬂ . ﬂ Duz :_ II IIII _: 2 ) U: 1 D 3 @ ScenariD_KinEnergy_plot.png PING File 145 KB
0. 0000 b ULILHNILINIL [T —— 1 S
. D EDD . . 1 DD G l ED D 2 DD D 2 50 D E] Scenario_Rotations_:tatSIZCtg Text Document _II\B
KlnEtl = RGCk Energy {kJ] @ Scenario:ScarDeptP:_plotl.png PMNG FiI; 137 KB
=| Scenario_ScarDepth_stats.bt 3/11/2026 Text Document 1 KB
@ Scenario_Velocity_plot.png 3/11/2026 9:49 AM PMG File 143 KB
=| Scenario_Velocity_stats.bxt 3/11/2026 9:49 AM Text Document 1 KB



CDF and EDF Distributions P

Comparing EDF and Gaussian CDF helps identify deviations from normal behavior

Use: Statistics = Plots: Scenario (All Data)

RS

I
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*.png are visvalized
with browser and

* txt files are created
with values. Saved

‘ =1
E
| ]|
L [
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— ||

| I

.../reports/stat_plots
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1000

1500 2000 2500

Empirical Distribution Function (EDF)

* Computed directly from simulated

trajectory values
* Built from the sorted sample data
* Shows the actual cumulative distribution

of the simulation results

» Step-shaped curve because it is based on
discrete trajectory samples

Reference Cumulative Distribution Function (CDF)

* Theoretical distribution curve

« RAMMS uses a Normal (Gaussian) distribution

« Defined by the sample mean and standard deviation
» Used only for visual comparison




Quick Summary of the Distribution ;-

The statistical reports also contain box plots. These reveal skewed distributions, extreme
outliers and variability. This helps evaluate whether high quantiles are reliable.

Use: Statistics = Plots: Scenario (All Data)

1.0 o L L L L L L L L L L L
6 & :_ Minimum Interquartile range (IQR) Maximum _: * png are visvalized
B = 7] with browser and
- 7 *.txt files are created
0.0 = — with values. Saved
_ . under
0.5 — T .../reports/stat_plots
= E Q1(25%) Median Q1 (75%) -
_1 ) [J :I ] I ] | | | I | | | | I | | | I | | | I ] | | I I:

| | |
500 1000 1500 2000 2500

o

* Q1 (25%)
* Median
Boxplots summarize the distribution using: *Q3 (75%)
* Interquartile range (IQR)
* Minimum / Maximum
* Outliers
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Purpose of Trajectory Mode

Trajectory Mode allows detailed inspection of individual rock paths. Often used when

investigating barriers, sheds and dams. Unlike Statistics mode, no statistical evaluation,
focus is on single trajectories.

Trajectory Mode is useful to: Typical questions:

* Understand rock motion * Why is the energy high at this location?
* Investigate extreme events * How does a rock reach this area?

* Verify unusual statistical results * Where do rocks impact the terrain?

 Visualize rockfall dynamics




Opening Trajectories in RAMMS T

Option 1 — Open Individual Trajectories

Track — Open — Rockfall Trajectories T

G RAMMS:ROCKRALL 2.0.8 - [Ch\Users\PerryBartelt\RAMMS\Examples\Rockfall_Parabola\Simulatiol

Track Edit Input Show Fun  Results  Statistics  Trajectory  GIS  Extras Project Help

PR (A T Tt Y}}

Open... * Input File Ctrl+0 G
Close Crl+X Rockfall 5cenario

Rockfall Scenarnio (Filter/Multi)

Roclkfall Trajectories Ctrl+T
Export... * . . o .

Rockfall Trajectories (Filter/Multi) Ctrl+F
Backup... »
. Rockfall Trajectories from Folder
Preferences

» Select trajectories from the traj_files folder
» Can open trajectories from one or multiple scenarios
» Filtering possible using filename filters

 Recommendation: Open < 100 trajectories for
smooth visualization.

Option 2 — Open Trajectories from Shapefile

Statistics — Open Trajectories from Shapefile

s Statistics  Trajectory  GIS  Extras  Project  Help

l

Plot=: Scenario (All Data)
a Plots: Barrier Region (Shapefile) T
Plots: Barrier Region (Shapefile - Multiple)

Mr of Rocks
Mr of Deposited Rocks

Reach Probability (Source)
Reach Probability (Total)
Reach Probability from Shapefile

Probability of reaching Target Line (50L)
JurmpH vs Ekin Plot for Target Line

Open Trajectories from Shapefile (switch to Trajectory-Mode)
I T [ ¢ 1

This feature selects only trajectories interacting within a
specific region.

» Supported shapefiles:
* Polygon — e.q. buildings, net fields, protection areas
* Polyline — e.qg. roads, dams, protection lines

iy
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Examples of Opening Trajectories

_,0-/

/

/ /

/ /
/ /

i:ti/b;ﬂ’— ﬁp/en Individual Trajectories

‘; Aﬂ,‘er seffecting Track — Open — Rockfall

/Trajectones go to the traj_files folder and select

ﬂae frajecffory files (Ctrl-A selects all).

/ q‘y Select ROCKFALL Trqectones

This tool allows engineers to:

/ “« > R __ > PerryBartelt » RAMMS > Examples > Rockfall Parabola » SimulationsShed > output > Sim_Rock Output »
Organize = Mew folder
Ve ’ ,} Home O Name Date modified Type Size
7
E Gall |B D Sim_Rock_Output_Pos1_PTSEQTA_111...  3/10/2026 6:33 PM RTS File 790 KB|
allery
|ﬂ [ sim_Rock_Output_Pos1_PTSEOTA_111..  3/10/2026 &:33 PM RTS File 1,554 KB|
~ @ Perry - RAMMS
|B [ Sim_Rock_Output_Pos1_PTSEGTA_111..  3/10/2026 :33 PM RTS File 853 KB|
» T Apps - -
|ﬂ [ sim_Rock Output_Post_PTSEOTA 111..  3/10/2026 6:33 PM RTS File 799 KB|
» L Attachments |' [ Sim_Rock_Output_Pos!_PTSEQTA_111..  3/10/2026 £:33 PM RTS File 219 KB|
> 7 Blatten_BackU |ﬂ [ Sim_Rock_Output_Pos1_PTSEGTA_111...  3/10/2026 6:33 PM RTS File 1912 I(B|
> @l Desktop |ﬂ [ sim_Rock_Output_Pos1_PTSEQTA_111..  3/10/2026 &:33 PM RTS File 842 KB|
> B Documents |B [ Sim_Rock_Output_Pos1_PTSEGTA_111..  3/10/2026 6:33 PM RTS File 1,830 I(B|
- |ﬂ [ sim_Rock Output_Pos1_PTSEOTA 111..  3/10/2026 6:33 PM RTS File 225 KB|
> Meetings
[ Sim_Rock_Output_Pos1_PTSEGTA_111..  3/10/2026 :33 PM RTS File 790 KB
> Microsoft Cop
D Sim_Rock_Output_Pos1_PTSEQTA_111..  3/10/2026 6:33 PM RTS File 832 KB
» Pictures X X
[ Sim_Rock_Output_Pos1_PTSEQTA_111..  3/10/2026 &:33 PM RTS File 1,830 KB
> Recordings [ Sim_Rock_Output_Pos!_PTSEQTA_111...  2/10/2026 £:23 PM RTS File 216 k8

traj_files

investigate rocks reaching a road or structure

analyse extreme events at a specific location

link statistical results to real trajectories

11 fL\
f\h -I } ﬁ\

Option 2 — Open Trajectories from Shapefile

Statistics — Open Trajectories from Shapefile

BT e o T S 15 L AT R o e L

LA

||!
A1 19
iy \!, ! In statistics mode draw a

simulation domain
yd

Opens
these
trajectories
that pass  /
through
shapefile

7
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-~:Pa\\rafr;n\je}ters Available in Trajectory Mode

key ,parame’rérs/commonly inspected in Results dropdown menu:

\\l// /

‘; . ,mep/Helgh’r (m)

l l

// ‘ //Rock Velocn‘y (m/s)
= Kmehg Rock Energy (kJ)

Jump height (m) Kinetic energy (kJ) Scar length (m)

/§§ Adélmonal parameters:
a4 Ro’ra’rlonal velocity
-~ Translational energy
* Rotational energy
» Ground drag
« Ground torque
* Scar depth
* Scar length

Results Statistics  Trajectory  GIS  EBEdras Pr
Jump Height
Rock Velocity
Rotational Rock Velocity

Translational Acceleration

Total Rock Energy (kin+pot)




Working with Individual Rocks

W -
e i
= i - Colorbar, Display & Animation Settings
T
Max: 1000.00 ﬂ Transparency %

i M= .
i 5 Min: 0.00 ) —
oo —
. T . o
' 5 Colors: 50 i ) i
i om - . 25
o Animation Control: FAST — sow )
-8 1 .

1 _" i - Various
H =' H Files General Display Rock scenario
Ts -
! ! i ;-' - Scenario Information
i : : 1 II Trajectory Information

;; Nr of Trajectories: 300

] | Trajectory-Mode: ON

Average Slope (Degrees): 40.42 /4657 [ 47 .20

Selected trajectory:
Sim_Rock_Output_Pos3_PTSEOTA_111_1.0m3_055.rts

Rock Information:

Rock Density: 27000  (ke/m3)
Rock Mass: 2701 (t)

Rock Volume: 1.000 {m3)
Rock Form: EOTA 111 1.0m3.pts
Rock-Z-Offset:

Automatic Z-Offset(s)

- /

Click on a trajectory to display detailed information. L
J Y Piay General Tab shows:

The selected trajectory thickens. . .
» trajectory filename

 release location

 simulation information
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Working with Individual Rocks

\ o
| Il : 4 - V
(I

W T ) ; ) ¢ .
: NP LA B Ty - Colorbar, Display & Animation Settings

|
| Max: 33.79 (i ] Transparency %
| i S
/ Min: oo @ —
/7 /
/ /// Colors: 50 0 0 ﬂ
/ 7/ B —
Vavs
/s /| 25
s // Animation Control: FAST SLOwW o
/ //
>4
7 /
/
/ - Various
/
g s Files General Display Rock Scenario
s
s
- Rock Information

Name: EOTA_111_1.0m3.pts

Dimensions X/Y/Z (m): 1.12/1.12/1.12
Rock Density (kg/m3): 2700.0

Rock Volume (m3): 1.000

Rock Mass (kg): 27013

T

Click on a trajectory to display detailed information. /
The selected trajectory thickens. Rock Tab shows:
* rock geometry

/- block properties




Detailed Trajectory Analysis

The Trajectory XY Plot provides a detailed view of rock motion.

The plot'shows:

 /terrain profile

» rock trajectory

+ selected parameter along the path
Plot components:

* Brown line — terrain surface

« Black line — rock trajectory

» Green line — active parameter

* Red dots — impact/contact points
» Blue dot — current rock position
Engineers use this plot to understand:
* impact locations

* jump heights

* energy variations along the slope

e
o

i

gg . P
A
s

1 rockraLL

PARAMETER: Jump Height (m)

2. Select a XY-Plot button

Time plot

i

1. First select a trajectory with
the mouse

Project distance plot

r Colorbar, Display & Animation Settings -

Sim_Rock_Output_Pes3 PTSEOTA 111_1.0m3 OSSrs

1000.00

20000

TE

000

\{\
il

Jump height vs Distance

Slope profile

| ffﬂ I
/Wu MLWM VWH -

20.00

500 1000
Prg. Distance (m)

Sim_Rock_Output_Pos@ PTSEOTA_111_1.0m3_OS5.rts

15.00

10.00

Jump Height (m)

T | T T T T | T T
Jump height vs Time




Additional Trajectory Tools

Line Profile: Displays the selected
parameter along a defined line.

Data Values

300 —

100 —

& | <0 -

#] RAMMS Line Profile Plot - Jump Height (m) - Q95%

Sirmulation: SilsBaselgia

20 — , .
in
- P — Jump Height (m) - Q 85% ]
- 1 — Topography
| 1 - — - [ataValues ]
] ! » =+ +Rocks a
= I _
i ! -
15— o -
g | ‘ \ :
(s} B i ] :
[ = I 1 —
— X -
E } S .
£ 10— . ]
‘a . n
I -
¢ :
=
5 b— ' I i :
e ! ! I ' _
4 \ . \ ]
- d v, i o _
- (‘l T A ro B
£ ) P b —
L S \ ! -
“~ - o —
0 | | | l | | | [ | | | | | ~F -4 |
0 20 40 &0

Proj, Distance (m)

1810

Altitude (m)

8,578]

Useful for analysing: roads, dams, protection lines

Rock type: 2 (0: Sphere, 1: Cuboid, 2: Rock)
pts-file: C:\Users\...\Real_Equant_1.4.pts

Trajectory ﬁduajvnfeewmmﬁraje@mry -DataL

Contains de’raﬁf d:ne
simulation ste

X (m)
1180256.300

p0 ()

ﬁmm@mc%i

p2 ()
0.465

IUe§¥or

0.040 2793296.700 1180256.300 2358.689 0.137 0.465
0.060 2793296.700 1180256.300 2359.679 0.137 0.465
0 2793296.700 1180256.300 2359.665 0.137 0.465
nlg 2793296.700 1180256.300 2359.047 0.137 0.465
0.120 2793296.700 1180256.300 2359.625 0.137 0.465
0.140 2793296.700 1180256.300 2359.599 0.137 0.465
0.160 2793296.700 1180256.300 2359.570 0.137 0.465
0.180 2793296.700 1180256.300 2359.536 0.137 0.465
0.200 2793296.700 1180256.300 2359.499 0.137 0.465
0.220 2793296.700 1180256.300 2359.457 0.137 0.465
0.240 2793296.700 1180256.300 2359.412 0.137 0.465
0.260 2793296.700 1180256.300 2359.363 0.137 0.465
0.280 2793296.700 1180256.300 2359.310 0.137 0.465
0.300 2793296.700 1180256.300 2359.253 0.137 0.465
0.320 2793296.700 1180256.300 2358.192 0.137 0.465
0.340 2793296.700 1180256.300 2359.127 0.137 0.465
0.360 2793296.700 1180256.300 2359.058 0.137 0.465
0.380 2793296.700 1180256.300 2358.985 0.137 0.465
0.400 2793296.700 1180256.300 2358.908 0.137 0.465
0.420 2793296.700 1180256.300 2358.828 0.137 0.465
0.440 2793296.700 1180256.300 2358.743 0.137 0.465
0.460 2793296.700 1180256.300 2358.655 0.137 0.465
0.480 2793296.700 1180256.300 2358.562 0.137 0.465
0.500 2793296.700 1180256.300 2358.466 0.137 0.465
0.520 2793296.700 1180256.300 2358.366 0.137 0.465
0.540 2793296.700 1180256.300 2358.261 0.137 0.465
0.560 2793296.700 1180256.300 2358.153 0.137 0.465
0.580 2793296.700 1180256.300 2358.041 0.137 0.465
0.600 2793296.700 1180256.300 2357.925 0.137 0.465
0.620 2793296.700 1180256.300 2357.827 0.116 0.467
0,640 2793296.700 1180256,300 2357.750 0071 0472

every

Trajectory Animation: Allows visualization of rock

motion in time.

e Start animation
« Pause animation (F8)
« Stop/Restart animation (F9)

Animation Control:

FAST

25

SLOW

Frames per second: use slider to change animation speed

PageEe 1O

st animation speed



Summary @

1. Statistics Mode converts thousands of trajectories into engineering hazard maps. Results are

evaluated per raster cell to produce representative values such as Q95 kinetic energy, jump height
and reach probability.

2. Each raster cell stores the full distribution of trajectory impacts.
Statistics such as mean, quantiles and maximum values are derived from the set of trajectories
passing through that cell.

3. Distribution plots help evaluate reliability of results.
Histograms, PDF/CDF, and boxplots reveal skewness, variability and extreme events, helping
assess whether high quantiles are meaningful.

4. Trajectory Mode explains the physics behind the statistics.

By inspecting individual trajectories, engineers can verify extreme events, analyze rock motion,
and understand impacts on structures.
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