* X o

* *
* hydralab-+

* o X

Data Storage Report

Tsunamis due to ice masses: Different calving
mechanisms and linkage to landslide-tsunamis

Ice-tsunamis

Delta Basin, Stichting Deltares

Author: Dr Valentin Heller, University of Nottingham



Status form

Document information

Project acronym Ice-tsunamis

Provider Stichting Deltares

Facility Delta Basin

Title Tsunamis due to ice masses: Different calving

mechanisms and linkage to landslide-tsunamis

1t user group contact
(name/email)

Dr Valentin Heller,
Valentin.heller@nottingham.ac.uk

2"9 user group contact
(name/email)

Mr Fan Chen, evxfc3@exmail.nottingham.ac.uk

15t provider contact (name/email)

Mr Mark Klein Breteler,
Mark.KleinBreteler@deltares.nl

2" provider contact (name/email)

Dr Guido Wolters, Guido.Wolters@deltares.nl

Start date experiment (dd-mm-
YYYY)

10-08-2017

End date experiment (dd-mm- 01-09-2017
yyyy)
Document history

Date Status Author Reviewer Approver

15-06-2017 Draft Dr Valentin [provider name]
Heller

04-09-2017 Draft Dr Valentin [provider name]
Heller

05-10-2017 Final version 1 Dr Valentin Dr Guido
Heller Wolters

12-10-2017 Final version 1 Dr Valentin Mark Klein
Heller Breteler

31-01-2019 Final version 2 Dr Valentin
Heller

Document objective

This data storage plan describes the experimental program and how tests should be
performed. When all data has been obtained, the data storage plan is updated to a data
storage report. In the data storage report, the data is described so that others can use them.

Acknowledgement

The work described in this publication was supported by the European Community’s Horizon
2020 Research and Innovation Programme through the grant to HYDRALAB-PLUS, Contract
no. 654110.

Disclaimer

This document reflects only the authors’ views and not those of the European Community.
This work may rely on data from sources external to the HYDRALAB-PLUS project
Consortium. Members of the Consortium do not accept liability for loss or damage suffered by
any third party as a result of errors or inaccuracies in such data. The information in this
document is provided “as is” and no guarantee or warranty is given that the information is fit
for any particular purpose. The user thereof uses the information at its sole risk and neither
the European Community nor any member of the HYDRALAB-PLUS Consortium is liable for
any use that may be made of the information.


mailto:Valentin.heller@nottingham.ac.uk
mailto:evxfc3@exmail.nottingham.ac.uk
mailto:Mark.KleinBreteler@deltares.nl
mailto:Guido.Wolters@deltares.nl

Contents

mw > N o o b

ODJECLIVES ..ottt ettt e skt e s bbb et e s bt e e s n et e e e e e s 4
EXPErMENTAI SELUD ....eeeiiiiiiiei ittt e st e e st e e e s bre e e e 4
% R © 1= g =Y = o [ o o] (o] o PSSR 4
2.2 Definition of the coordinate SYStEM ..........uuviiiiiiiiiiiiiice e 6
2.3 Relevant fixed Parameters .........cciceiiiiiiiiiiiee e e e e e e e e e e 6
Instrumentation and data aCqUISILION ..........c..uviiiiiei i 6
T R 10153 1 (U g1 L £ PP 6
3.2 Definition of time origin and instrument synchronisation ...............ccocccvveveeee i, 7
3.3 MeEASUIed PArGMELEIS ....cciuuiiiie ittt ettt e st e st e e s e e s nnne e e e s annneeas 8
Experimental procedure and teSt Programme .........c.eeeeiiieeeeiiieee et e e siree e srreee e 8
Data POSE-PrOCESSING ...eeeiueeiiieiiiiie ittt ettt s et e e s e b e e e es e e e e nbe e e e e anees 14
Organization Of data fileS .........oouiiii i 14
0] o] o= 11T 1 SRS PPRRR 14
APPENAIX: PICTUIES ...ttt e et e e s nnnnee s 15
Appendix: Detailed technical draWings ........cccoeeeeiiiiiiiiiirerccres e 16



1 Objectives

The background of this study can be found in Chen et al. (2019), Heller et al. (2019) and on
the HYDRALAB+ website under Experiments by Invited Researchers under the main menu
Research & Resource (search with the key phrase “Tsunami”). This research aims to
enhance our physical understanding of tsunamis caused by ice calving and to support the
associated “ice-tsunami” hazard assessment. This will be achieved with the following five
objectives:

I. Conduct large-scale ice-tsunami experiments in the 50 m x 50 m large Delta Basin under
variation of the ice calving mechanisms (capsizing, fall, over-turning) as well as the mass
volume and kinematics

1. Quantify the tsunami features (height, length, velocity) and cross-compare the
tsunamigenic potential from the five different ice calving mechanisms

lll. Relate the new findings to an established landslide-tsunami hazard assessment method to
potentially transfer knowledge

IV. Analysis of the new data using the highly promising new wave component decomposition
method Korteweg-de Vries equations in combination with the nonlinear Fourier transform

V. Provide benchmark test cases to the numerical modelling community and apply the test
cases to calibrate and validate numerical simulations of members of the project team to
investigate additional ice-tsunami scenarios

2 Experimental setup

2.1 General description

Several ice calving mechanisms have been proposed in the technical literature including (i)
capsizing, (ii) fall and (iii) over-turning (Fig. 2.1a). In mechanism (i) the ice mass is neutrally
floating offshore such that gravity and buoyancy forces are in equilibrium. The behaviour of an
ice mass in mechanisms (ii) and (iii) depends on the vertical position of the mass relative to
the still water level (SWL); If the mass is initially located above the SWL, then gravity force is
most relevant for the mechanism (gravity dominated) and the mass moves downwards after
release. This is illustrated in the two sketches on the left-hand side of Figs. 2.1aii and 2.1aiii.
If the mass is initially located below the SWL, then the buoyancy force is most relevant for the
mechanism (buoyancy dominated) and the mass moves towards the water surface (sketches
on the right-hand side of Figs. 2.1aii and 2.1aiii). In this study all five ice calving mechanisms
have been investigated namely (i) capsizing, (i) fall (gravity and buoyancy dominated) and (iii)
over-turning (gravity and buoyancy dominated) and their tsunamigenic potential.

These five ice calving mechanisms were investigated in the 50 m x 50 m large Delta Basin
(picture title page). Blocks consisting of Polypropylene Homopolymer (PPH) with a density
similar to ice (=920 kg/m?) were released offshore (capsizing, Figs. 2.1b and 5.1c) and at the
vertical boundary of the basin (fall, over-turning, Figs. 2.1c,d, 5.1a,b and picture title page).
The block sizes were 0.800 m x 0.500 m x 0.500 m (block 1, picture title page) and 0.800 m x
0.500 m x 0.250 m (block 2, picture on bottom of Appendix A). These blocks were unstable in
the initial positions due to an imbalance between gravity and buoyancy forces. Their
movement was controlled with a rod allowing for rotation and vertical translation (capsizing),
an electromagnet (fall) and a fixed rod defining the axis of rotation (over-turning). Some
additional tests have been conducted with a 0.215 diameter sphere simulated by a basketball
filled with water. Details of the experimental set-up for the individual ice calving mechanisms
are given in Section 4 and Appendix B shows detailed technical drawings.
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Figure 2.1: Experimental set-up: (a) different ice calving mechanisms including (i)
capsizing, (ii) fall (gravity and buoyancy dominated) and (iii) over-
turning (gravity and buoyancy dominated), (b) plane view of capsizing
case and (c,d) side and plane view of fall experiments. A selection of the
numbered wave probes is given, with full details being available from
Table 3.1 (not to scale).



2.2 Definition of the coordinate system

The coordinate origins of the cylindrical coordinate systems (r, z, ) are shown in Fig. 2.1b, ¢
and d. The origins are located for all calving mechanisms in vertical direction z on the water
surface. In the horizontal plane the origin is located at the block centre for the capsizing case
(Fig. 2.1b) and at the front of the steel plate in the centre of the block in cross-shore direction
for all other calving mechanisms (Fig. 2.1c and d). The wave propagation angle y (angular
angle) is defined positive in clockwise direction.

2.3 Relevant fixed parameters

Most dimensionless wave probe locations r/h were held constant for all calving mechanisms
to allow for cross-comparison of the tsunamigenic potential between the different ice calving
mechanisms. The distance between the rod centre and block surface is 0.048 m for all over-
turning cases (bottom right picture in Appendix A, Fig. 2.1aiii). The water temperature was
19.3°C +0.4°C.

3 Instrumentation and data acquisition

3.1 Instruments

The block kinematics was recorded with a 9 Degree of Freedom (DoF) motion sensor
(Adafruit BNOO55, Fig. 3.1), two cameras (5 MP PointGrey ZBR2-PGEHD-50S5C-CS (used
at 15 Hz) and 2 MP IOIndustries Flare 2M280-CXP (used at 100 Hz)) are used for general
observations (Fig. 2.1b and d, Table 3.1) and the wave features were recorded in different
directions with resistance type wave probes as shown in Fig. 2.1b and d as well as in Table
3.1. The wave probes are numbered anti-clockwise starting at = 0° and from smaller to
higher distance r (Fig. 2.1b, d).

The motion sensor was located in a black enclosure which was screwed on the surface of the
blocks as shown in Fig. 3.1. For all tests, the centre of the motion sensor was located 0.151 m
on the left-hand side of the block centres. For the sphere tests it was located in the centre on
top (fall gravity dominated) and bottom (fall buoyancy dominated) of the sphere. Table 4.2
shows the x- and z-locations of the sensor for all experiments, which were required to
transform the measurements of the motion sensor from local to global coordinates and to
extract the global positions and velocities. The values in the z-direction are evaluated from the
position of the bottom of block or sphere relative to the water surface (given in the file name),
the block or sphere length and the 3 mm distance of the motion sensor from the outside
bottom of the enclosure.

Figure 3.1 Picture showing the location of the motion sensor in the black
enclosure during a capsizing test of block 2



Table 3.1 Name and locations of wave probes and cameras

Ice calving Device Water | Locations in function of the radial distance r (m) and the
mechanism depth | wave propagation angle y(°) (Fig. 2.1b and d)

h (m)
Capsizing Wave probes 1.000 Al (2, 0); A10 (3, 0); A19 (5, 0); A28 (10, 0); A32 (15, 0);

A2 (2,-15); A11 (3, -15); A20 (5, —15); A29 (10, —15);

A3 (2, -30); A12 (3, —30); A21 (5, —30);

A4 (2, -60); A13 (3, —60); A22 (5, —60);

A5 (2, -90); A14 (3, —90); A23 (5, —90);

A6 (2, -120); A15 (3, -120); A24 (5, —120);

A7 (2, -150); A6 (3, -150); A25 (5, —=150);

A8 (2, -165); A17 (3, -165); A26 (5, —165); A30 (10, —165);
A9 (2, -180); A18 (3, —180); A27 (5, —180); A31 (10, —180);
A33 (15, —180)

Capsizing Cameras 1.000 5 MP at 15 Hz: (6, —45); 2 MP at 100 Hz: (6, —95)
Fall/over- Wave probes | 1.000 | B1(2,0);B7(3,0); B13 (5,0); B19 (10, 0); B25 (15, 0); B31 (22.5, 0);
turning B34 (35, 0);

B2 (2, -15); B8 (3, —15); B14 (5, —15); B20 (10, —15); B26 (15, —15);
B32 (22.5, -15); B35 (35, —15);

B3 (2, -30); B9 (3, —30); B15 (5, —30); B21 (10, —30); B27 (15, =30);
B33 (22.5,-30);

B4 (2,-45); B10 (3,-45); B16 (5, —45); B22 (10, —45); B28 (15, —45);
B5 (2,-60); B11 (3,-60); B17 (5, —60); B23 (10, —60); B29 (15, —60);
B6 (2,—75); B12 (3,—75); B18 (5,—75); B24 (10, ~75); B30 (15, -75)
Fall/over- Wave probes | 0.750 | C1(1.5,0); C7 (2.25, 0); C13 (3.75, 0); C19 (7.5, 0); C25 (11.25, 0);
turning €31 (16.875, 0); C34 (26.25, 0);

C2 (1.5, -15); C8 (2.25, -15); C14 (3.75, —15); C20 (7.5, —15); C26
(11.25, -15); C32 (16.875, —15); C35 (26.25, —15);

€3 (1.5, -30); C9 (2.25, —30); C15 (3.75, =30); C21 (7.5, =30); C27
(11.25, -30); €33 (16.875, —30);

C4 (1.5, -45); C10 (2.25, —-45); C16 (3.75, —45); C22 (7.5, —45); C28

(11.25, —45);
C5 (1.5, -60); C11 (2.25, —60); C17 (3.75, —60); C23 (7.5, —60); C29
(11.25, -60);
C6 (1.5, -75); C12 (2.25,-75); C18 (3.75, —75); C24 (7.5, -75); C30
(11.25, -75)
Fall/over- Cameras 1.000 2 MP at 100 Hz: (6, —85); 5 MP at 15 Hz: (6, 45)
turning and
0.750

3.2 Definition of time origin and instrument synchronisation

The experiments included two independently triggered systems: system (a) included the wave
probes, both cameras and a synchronisation pulse and system (b) included the motion sensor
and the electromagnet (for the tests where it was in use). The motion sensor and the
electromagnet were both recorded via a N19205 module from National Instruments and a
purpose-built program in LabView. The synchronisation pulse of (a) was recorded via the
LabView programme and used to synchronise (a) and (b). Both the motion sensor and the
high-speed camera were used to evaluate when the blocks started to move (t = 0 s). Both
methods agreed within 0.1 s for most tests, apart from some capsizing and over-turning
(buoyancy dominated) tests where the mass moved very slowly (resulting inup to 1.2 s
deviations between the two methods). The values evaluated from the high-speed camera
were finally used to specify t = 0 s, with exception of the tests where the block was initially
submerged. The time in the wave probe and motion sensor “raw” files were shifted
accordingly, before the main data analysis started. The motion sensor signals were sampled
at full rate (at variable sampling rates with a mean of 74 Hz), the wave probes at 100 Hz and
the cameras at 15 Hz (5 MP) and 100 Hz (2 MP), respectively. The wave gauge signals were
filtered with a low-pass filter (Section 5).




3.3 Measured parameters

Prior to an experiment, when the block was put in place, the distance z of the block bottom
from the still water surface was measured as well as the water temperature for some selected
tests. During experiments the motion sensor attached to the blocks measured the block
acceleration along the three local axes (x, y, z) (m), the three global angles (°) and the gravity
field in three directions. Note that the sensor was not calibrated relative to the gravity field
such that these data cannot be used. The water surface (m) was measured with 33
(capsizing) and 35 wave probes (all other ice calving mechanisms) and videos were recorded
with two cameras at the locations given in Table 3.1.

4  Experimental procedure and test programme

The test programme included 73 experiments (62 individual tests plus 11 repetitions) as
shown in Table 4.1 and the individual tests are in addition listed in Table 4.2. The capsizing
mechanism involved 16 experiments, the fall mechanism 30 (21 gravity and 9 buoyancy
dominated), the over-turning mechanism 20 (14 gravity and 6 buoyancy dominated)
experiments and 7 fall experiments were conducted with a sphere (4 gravity and 3 buoyancy
dominated). Each of the three calving mechanism (Fig. 2.1a) involved a different experimental
procedure:

Capsizing (case (i) in Fig. 2.1a and Fig. 5.1c): The blocks in the capsizing case were hold
in position with a wooden rod guided through the centre of the blocks (Fig. 5.1c¢). This rod was
hold in position on both sides with steel profiles rigidly connected to a steel plate lying flat on
the basin bottom, with the rod able to translate in vertical direction (but not sideward or
forward) and rotate. The rotation of the block was initiated in most cases by removing a fitting
which stabilised the block. For block 1 the block had to be slightly pushed by hand (with a
force in the order of 1 N) to initiate capsizing. In some tests the blocks were pushed harder to
investigate the effect of an increased rotation speed on the wave features.

Fall (case (ii) in Fig. 2.1a, Fig. 5.1a,b and picture on title page): The blocks were hold in
position with an electromagnet prior to release, which was connected to a rope as shown in
Fig. 2.1aii and the picture on the title page. The supporting frame for this electromagnet and
the block was fixed to a steel plate at the basin wall. The blocks were moved in vertical
direction with a winch system which was fixed to a support structure outside the wave basin.
For the fall buoyancy case (right-hand side in Fig. 2.1aii), the block was pulled under water
with a rope attached to the centre of the block bottom (Fig. 5.1) to support the buoyancy force
of up to 200 N. For some buoyancy dominated tests the block had to be stabilised in addition
with a steel beam from above and both the steel beam and the rope were then released
simultaneously (similarly as the steel beam used for the over-turning buoyancy case shown in
the bottom right picture in Appendix A). Note that experiments tsl - ts7 were conducted with a
basketball of diameter 0.215 m filled with water to achieve a density similar to ice. The drag
force and terminal velocity of a sphere moving in fluid are well known as well as the radiated
wave field of an oscillating sphere on the water surface. A comparison with analytical results
may therefore be possible.

Over-turning (case (iii) in Fig. 2.1a, Fig. 5.1a,b and bottom right picture in Appendix A):
The blocks were rotated around a fixed axis defined with a steel rod of 30 mm diameter. This
rod was fed through two ball bearings fixed to the block surface (Fig. 5.2). This ensured that
the blocks underwent a pure rotation, without any translation. The rod was hold in position
with a UPN 80 steel profile on either side. The rod was located either below (left-hand side of
case (iii) in Fig. 2.1a) or above the block (right-hand side of case (iii) in Fig. 2.1a). For some
buoyancy dominated tests the block had to be stabilised in addition with a steel beam from
above and the blocks started to move as soon as the steel beam was removed (bottom right
picture in Appendix A).



Table 4.1

Overview of all investigated test parameters of the 73 tests; Note that the
block densities changed slightly depending on the attachments to the
blocks (rod, clamp screws, plate to connect electromagnet, bearing); The

number of runs indicated with * include test repetitions

Mass parameters (i) Capsizing (iii) Over-turning
Mass release location Offshore Offshore Offshore At shore At shore At shore At shore
Mass type 1 2 2 1 2 2 2
Mass length [ (m) 0.800 0.800 0.500 0.800 0.800 0.500 0.500
Mass width & (m) 0.500 (4.500 0.800 0.500 0.500 0.800 0.800
Mass thickness s (1) 0.500 0.250 0.250 0.500 0.250 0.250 0.250
Mass volume ¥, (m") 0.200 (0.100 0.100 0.200 0.100 0.100 0.100
Mass density p, (kg/m’) 929 924 924 936/923 912 912 936/912
Mass m (kg) 185.8 92.4 923 187.1/184.6 91.2 91.2 93.6/91.2
Waler depth /2 (m) 1.000 1.000 1.000 1.000 1.000 L.000 0.750
Release position above SWL (cm)|Neut. buoyant Neut. buoyant Neut. buoyant] 15, 0, -30, 15,0, 30, 15,0, -30, 15, 0,-30,
(0 cm corresponds to SWL) -60, -90 -60, 90 -60 -60
No. of runs (73 in total) 5 6 5 5 5 4 6"

Mass parameters (ii) Fall
Mass release location At shore At shore At shore At shore At shore At shore At shore
Mass type 1 2 1 1 2 2 sphere
Mass length [/ (m) 0.800 (0.800 0.500 0.500 0.500 0.500 0.215
Mass width & (m) 0.500 0.500 0.800 0.800 0.800 0.800 0215
Mass thickness s (m) 0.500 0.250 0.500 0.500 0.250 0.250 0215
Mass volume ¥, (m’) 0.200 0.100 0.200 0.200 0.100 0.100 0.005
Mass density p, (kg/m’) 936/923 936/912 936/923 936/923 936/912 936/912 922
Mass w1, (kg) 187.1/184.6  93.6/91.2 187.1/184.6  187.1/184.6  93.6/91.2 93.6/91.2 4.8
Water depth 2 (m) 1.000 1.000 1.000 0.750 1.000 0.750 0.750
Release position above SWL (cm)| 0, -30,-60, 0, -30,-60, 30,0, -30, 30,0, -30, 30,0, -30, 30,0,-30, 54,32,11,0,
(0 cm corresponds to SWL) -84 -83 -60, -70, -83 -60 -60, -83 -60 -11,-32,-43
No. of runs (73 in total) 6" 4 7 4 5 4 7

Table 4.2 Experimental parameters and dimensions of blocks in different ice
calving mechanisms; all tests were run with either a block or a sphere;
The file names include: Test ID_type of data (waves/motion)_calving
mechanism (capsizing/fall_gravity/fall_buoyancy/over-turning_gravity/
over-turning_buoyancy)_block type (1/2/sphere) water depth (100cm/
75cm)_position of bottom of block or sphere relative to water surface
(neutral/xcm); The position of the motion sensor is given in global
coordinates with the origin on the water surface and x in r direction and
Z positive upwards; the y values for the motion sensor are 0.151 m for all
tests except for the sphere where y = 0; *The total block masses changed
slightly depending on the attachments to the blocks (rod, clamp screws,
plate to connect electromagnet, bearing); **The motion sensor is located
3 mm above the outside bottom of the enclosure
Tes | File name wave Total | Block | Block | Block | x (m) z (m) Comment
tID | probes/motion sensor mass | length | width | thick- | position | position
*Tkg] | I[m] b[m] | ness | motion | motion
s [m] sensor | sensor**
tla tla_waves/motion_capsizing_ | 92.43 0.800 0.500 0.250 0 0.061 + Block naturally
block2_100cm_-73.9cm 0.003 = over-turning;
0.064 Coordinate
origin in centre
of block for all
capsizing cases
(Fig. 2.1b)
tlb tlb_waves/motion_capsizing_ | 92.43 0.800 0.500 0.250 0 0.064 Repetition
block2_100cm_-73.9cm
tlc tlc_waves/motion_capsizing_ | 92.43 0.800 0.500 0.250 0 0.064 Repetition
block2_100cm_-73.9cm
t2 t2_waves/motion_capsizing_ 92.43 0.800 0.500 0.250 0 0.064 Block pushed
block2_100cm_-73.9cm
t3 t3_waves/motion_capsizing_ 92.43 0.800 0.500 0.250 0 0.064 Block pushed
block2 100cm_-73.9cm
t4 t4_waves/motion_capsizing_ 92.43 0.800 0.500 0.250 0 0.064 Block pushed
block2_100cm_-73.9cm




tba t5a_waves/motion_capsizing_ | 92.26 0.500 0.800 0.250 0 0.038 + Block naturally
block2_100cm_-46.2cm 0.003 = over-turning
0.041
t5b t5b_waves/motion_capsizing_ | 92.26 0.500 0.800 0.250 0 0.041 Repetition
block2 100cm_-46.2cm
t5¢c t5c_waves/motion_capsizing_ | 92.26 0.500 0.800 0.250 0 0.041 Repetition
block2_100cm_-46.2cm
t6 t6_waves/motion_capsizing_ 92.26 0.500 0.800 0.250 0 0.041 Block pushed
block2_100cm_-46.2cm
t7 t7_waves/motion_capsizing_ 92.26 0.500 0.800 0.250 0 0.041 Block pushed
block2 100cm_-46.2cm
t8a t8a_waves/motion_capsizing_ | 185.75 | 0.800 0.500 0.500 0 0.057 + Block stable
blockl_100cm_-74.3cm 0.003 = (slightly pushed)
0.060
t8b t8b_waves/motion_capsizing_ | 185.75 | 0.800 0.500 0.500 0 0.060 Repetition
blockl 100cm_-74.3cm
t8c t8c_waves/motion_capsizing_ | 185.75 | 0.800 0.500 0.500 0 0.060 Repetition
blockl_100cm_-74.3cm
t9 t9_waves/motion_capsizing_ 185.75 | 0.800 0.500 0.500 0 0.060 Block more
blockl_100cm_-74.3cm pushed
t10 t10_waves/motion_capsizing_ | 185.75 | 0.800 0.500 0.500 0 0.060 Block more
blockl 100cm_-74.3cm pushed
t11 t11_waves/motion_fall_gravity | 93.62 0.800 0.500 0.250 0.125 0.800 — For the remain-
_block2_100cm_-60cm 0.600 + ing tests the
0.003 = coordinate origin
0.203 is at the wall
(Fig. 2.1c,d)
t12 t12_waves/motion_fall_gravity | 93.62 0.800 0.500 0.250 0.125 0.503
_block2_100cm_-30cm
t13 t13_waves/motion_fall_gravity | 93.62 0.800 0.500 0.250 0.125 0.803
_block2_100cm_0Ocm
t14 t14_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.203
_block2 _100cm_-30cm
t15 t15_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.503
_block2 _100cm_0Ocm
t16 t16_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.803
_block2_100cm_30cm
t17 t17_waves/motion_fall_gravity | 187.11 | 0.800 0.500 0.500 0.250 0.203
_blockl 100cm_-60cm
t18 t18_waves/motion_fall_gravity | 187.11 | 0.800 0.500 0.500 0.250 0.503
blockl 100cm_-30cm
t19a | t19a_waves/motion_fall_gravit | 187.11 | 0.800 0.500 0.500 0.250 0.803
y_blockl 100cm_Ocm
t19b | t19b_waves/motion_fall_gravit | 187.11 | 0.800 0.500 0.500 0.250 0.803 Repetition
y_blockl 100cm_Ocm
t19c | t19c_waves/motion_fall_gravit | 187.11 | 0.800 0.500 0.500 0.250 0.803 Repetition
y_blockl 100cm_Ocm
t20 t20_waves/motion_fall_gravity | 187.11 | 0.500 0.800 0.500 0.250 0.203
blockl 100cm_-30cm
t21 t21_waves/motion_fall_gravity | 187.11 | 0.500 0.800 0.500 0.250 0.503
blockl _100cm_0Ocm
t22a | t22a_waves/motion_fall_gravit | 187.11 | 0.500 0.800 0.500 0.250 0.803
y_blockl 100cm_30cm
t22b | t22b_waves/motion_fall_gravit | 187.11 | 0.500 0.800 0.500 0.250 0.803 Repetition
y_blockl 100cm_30cm
t23 t23_waves/motion_overturning | 187.11 | 0.800 0.500 0.500 0.250 0.803 Distance sensor
_gravity_block1l_100cm_0Ocm from axis of ro-
tation in z-direc-
tion = 0.803 +
0.048 (distance
axis to block sur-
face) =0.851 m
t24 t24_waves/motion_overturning | 187.11 | 0.800 0.500 0.500 0.250 0.503 Distance sensor
_gravity_blockl_100cm_- from axis of ro-
30cm tation in z-direc-
tion =0.851 m
t25 t25_waves/motion_overturning | 187.11 | 0.800 0.500 0.500 0.250 0.953 Distance sensor
_gravity_block1_100cm_15cm from axis of ro-
tation in z-direc-
tion =0.851 m
t26 t26_waves/motion_overturning | 187.11 | 0.800 0.500 0.500 0.250 0.203 Distance sensor

_gravity_blockl_100cm_-
60cm

from axis of ro-
tation in z-direc-
tion =0.851 m
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t27 t27_waves/motion_overturning | 91.15 0.800 0.500 0.250 0.125 0.803 Distance sensor
_gravity_block2_100cm_0Ocm from axis of ro-
tation in z-direc-
tion =0.851 m
t28 t28_ waves/motion_overturning | 91.15 0.800 0.500 0.250 0.125 0.503 Distance sensor
_gravity_block2_100cm_- from axis of ro-
30cm tation in z-direc-
tion =0.851 m
t29 t29_waves/motion_overturning | 91.15 0.800 0.500 0.250 0.125 0.203 Distance sensor
_gravity_block2_100cm_- from axis of ro-
60cm tation in z-direc-
tion =0.851 m
t30 t30_waves/motion_overturning | 91.15 0.800 0.500 0.250 0.125 0.953 Distance sensor
_gravity_block2_100cm_15cm from axis of ro-
tation in z-direc-
tion =0.851 m
t31 t31_waves/motion_overturning | 91.15 0.500 0.800 0.250 0.125 0.653 Distance sensor
_gravity_block2_100cm_15cm from axis of ro-
tation in z-direc-
tion =0.551 m
t32 t32_waves/motion_overturning | 91.15 0.500 0.800 0.250 0.125 0.503 Distance sensor
_gravity_block2_100cm_0Ocm from axis of ro-
tation in z-direc-
tion =0.551 m
t33 t33_waves/motion_overturning | 91.15 0.500 0.800 0.250 0.125 0.203 Distance sensor
_gravity_block2_100cm_- from axis of ro-
30cm tation in z-direc-
tion =0.551 m
t34 t34_waves/motion_overturning | 91.15 0.500 0.800 0.250 0.125 -0.600 — Distance sensor
_buoyancy_block2_100cm_- 0.003 = from axis of ro-
60cm -0.603 tation in z-direc-
tion =0.551 m
t35 t35_waves/motion_overturning | 91.15 0.800 0.500 0.250 0.125 -0.903 Distance sensor
_buoyancy_block2_100cm_- from axis of ro-
90cm tation in z-direc-
tion =0.851 m
t36 t36_waves/motion_overturning | 184.64 | 0.800 0.500 0.500 0.250 -0.903 Distance sensor
_buoyancy_block1l_100cm_- from axis of ro-
90cm tation in z-direc-
tion =0.851 m
t37 t37_waves/motion_fall_buoya 184.64 | 0.800 0.500 0.500 0.250 -0.835 +
ncy_blockl_100cm_-83.5cm 0.800 —
0.003 =
-0.032
t38 t38_waves/motion_fall_buoya 184.64 | 0.500 0.800 0.500 0.250 -0.097
ncy blockl 100cm_-60cm
t39 t39_waves/motion_fall_buoya 184.64 | 0.500 0.800 0.500 0.250 -0.327
ncy blockl 100cm_-83cm
t40 t40_waves/motion_fall_buoya 184.64 | 0.500 0.800 0.500 0.250 -0.197
ncy blockl 100cm_-70cm
t41 t41_waves/motion_fall_buoya | 91.15 0.800 0.500 0.250 0.125 -0.027
ncy block2 100cm_-83cm
t42 t42_waves/motion_fall_buoya | 91.15 0.500 0.800 0.250 0.125 -0.097
ncy block2 _100cm_-60cm
t43 t43_waves/motion_fall_buoya | 91.15 0.500 0.800 0.250 0.125 -0.327
ncy block2 _100cm_-83cm
t44 t44_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.203
_block2_75cm_-30cm
t45 t45_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.503
_block2_75cm_Ocm
t46 t46_waves/motion_fall_gravity | 93.62 0.500 0.800 0.250 0.125 0.803
block2_75cm_30cm
t47 t47_waves/motion_fall_gravity | 187.11 | 0.500 0.800 0.500 0.250 0.803
blockl_75cm_30cm
t48 t48_waves/motion_fall_gravity | 187.11 | 0.500 0.800 0.500 0.250 0.503
_blockl 75cm_Ocm
t49 t49_waves/motion_fall_gravity | 187.11 | 0.500 0.800 0.500 0.250 0.203
_blockl 75cm_-30cm
t50 t50_waves/motion_overturning | 93.62 0.500 0.800 0.250 0.125 0.653 Distance sensor
_gravity_block2_75cm_15cm from axis of ro-
tation in z-direc-
tion =0.551 m
t51 t51_waves/motion_overturning | 93.62 0.500 0.800 0.250 0.125 0.503 Distance sensor

_gravity block2 75cm_Ocm

from axis of ro-
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tation in z-direc-
tion = 0.551 m

t52 t52_waves/motion_overturning | 93.62 0.500 0.800 0.250 0.125 0.203 Distance sensor
_gravity_block2_75cm_-30cm from axis of ro-
tation in z-direc-
tion =0.551 m
t53a | t53a_waves/motion_overturnin | 91.15 0.500 0.800 0.250 0.125 -0.603 Distance sensor
g_buoyancy_block2_75cm_- from axis of ro-
60cm tation in z-direc-
tion =0.551 m
t53b | t53b_waves/motion_overturnin | 91.15 0.500 0.800 0.250 0.125 -0.603 Repetition;
g_buoyancy_block2_75cm_- Distance sensor
60cm from axis of ro-
tation in z-direc-
tion =0.551 m
t53c | t53c_waves/motion_overturnin | 91.15 0.500 0.800 0.250 0.125 -0.603 Repetition;
g_buoyancy_block2_75cm_- Distance sensor
60cm from axis of ro-
tation in z-direc-
tion =0.551 m
t54 t54_waves/motion_fall_buoya 91.15 0.500 0.800 0.250 0.125 -0.097
ncy_block2_75cm_-60cm
t55 t55_waves/motion_fall_buoya 184.64 | 0.500 0.800 0.500 0.250 -0.097
ncy blockl 75cm_-60cm
tsl ts1_waves/motion_fall_gravity | 4.80 0.215 0.215 0.215 0.108 0.108 + Test with sphere
_sphere_75cm_10.8cm 0.215 + with sensor on
0.003 = top
0.326
ts2 ts2_waves/motion_fall_gravity | 4.80 0.215 0.215 0.215 0.108 0.540 Test with sphere
_sphere_75cm_32.2cm with sensor on
top
ts3 ts3_waves/motion_fall_gravity | 4.80 0.215 0.215 0.215 0.108 0.756 Test with sphere
_sphere_75cm_53.8cm with sensor on
top
ts4 ts4_waves/motion_fall_gravity | 4.80 0.215 0.215 0.215 0.108 0.111 Test with sphere
_sphere_75cm_0Ocm with sensor on
top
ts5 ts5_waves/motion_fall_buoyan | 4.80 0.215 0.215 0.215 0.108 -0.108 — Test with sphere
cy_sphere_75cm_-10.8cm 0.215 - with sensor on
0.003 = bottom
-0.326
ts6 ts6_waves/motion_fall_buoyan | 4.80 0.215 0.215 0.215 0.108 -0.540 Test with sphere
cy_sphere_75cm_-32.2cm with sensor on
bottom
ts7 ts7_waves/motion_fall_buoyan | 4.80 0.215 0.215 0.215 0.108 -0.643 Test with sphere

cy_sphere_75cm_-42.5cm

with sensor on
bottom
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(@)

Frame fixed to basin wall
so support electromagnet

Slit to

access slide Electromagnet to carry up to 200 kg

(b) (c)
Plate between
frame
. Water surface Water surface
Winch to
lift block
\ Shaft through bearing (over-
turning, to support up to 200 kg) Rod to sta-
bilise block Same plate as us-
ed at basin wall
Figure 5.1 Design of experimental set-up: (a) front view and (b) side view of fall

experiment (overlapped with some components for the over-turning
case) and (c) side view of capsizing experiment (not to scale).

Figure 5.2 Technical drawings: (left) block 2 equipped with rod used for over-turning
mechanism (Fig. 2.1aiii) and (right) steel plate including all steel profiles
to hold the blocks in place; the plate was either lying flat on the basin
bottom for the capsizing case (with all but the two long UPN profiles on
the right-hand side removed) or fixed to the basin wall for all other cases
(where the six remaining UPN profiles were used, for details see

Appendix B).
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5 Data post-processing

The time columns of the wave probes and motion sensor files were adjusted such thatt=0s
corresponds to the moment in time when the blocks or sphere started to move for
experiments where they were initially in contact with the surrounding water, or at the moment
in time when the blocks or sphere touched the water surface when they were initially not in
contact with the water body. Unnecessary columns were removed (voltage signal from the
electromagnet, uncalibrated data from motion sensor, etc.). The raw data of the motion
sensor were further analysed in Matlab to transform the accelerations in global coordinates
and to derive the block velocities and positions. The file name was then changed with the
notation given in Table 4.2. These files are named “raw” ahead of the ending given in Table
4.2. The wave probe time series were shortened to remove reflections from the basin
boundaries for all raw data. The wave probe data were then filtered with a low-pass filter with
a cut off frequency at 9 to 11 Hz. For wave probes 9, 17 and 25 in the capzising experiments
and 21, 24 and 32 for all fall and overturning experiments a low-pass filter with a cut off
frequency at 3.0 or 3.5 Hz was applied to remove large high-frequency noise. For wave
probes C30 and C31 in the experiments t53b, s5, s6, for wave probe C30 in s7 and for wave
probe B32 in t41, the wave probe signals remained noisy after filtering given that the waves
were extremely small, such that they were excluded from further analysis. The post
processed data were then saved under the new name “post_processed_...". ahead of the
ending given in Table 4.2 and used for further analysis.

6 Organization of data files

The sets of data are given in text format; one file for each experiment contains the wave
probe data (raw and post-processed) and one the motion sensor data. These three files are
organised as follows:

Motion sensor files (text file, no separator):

Column 1: time (s) with t = 0 s at the moment in time when the blocks started to move or
touched the water surface

Column 2: global angle (°) relative to x-axis (pitch)

Column 3: global angle (°) relative to y-axis (roll)

Column 4: global angle (°) relative to z-axis (yaw)

Column 5: local acceleration (m/s?) in x-direction

Column 6: local acceleration (m/s?) in y-direction

Column 7: local acceleration (m/s?) in z-direction

Wave probe files (raw and post-processed, text data, no separator):

Column 1: time (s) with t = 0 s at the moment in time when the blocks started to move or
touched the water surface

Column 2-34 (capsizing tests) and 2-36 (all other tests): water surface displacement (m)

Organisation of the files on Zenodo:

- DataStorageReport_Heller_Ice_Tsunamis.pdf
- Pictures_overview

- Videos

- Motion_sensor_data

- Wave_probe_data_raw

- Wave_probe_data_post_processed

- README

7 Publications

Chen, F., Heller, V. and Briganti, R. (2019). Numerical modelling of tsunamis generated by
iceberg calving validated with large-scale laboratory experiments (in preparation).

Heller, V., Chen, F., Briihl, M., Gabl, R., Chen, X., Wolters, G. and Fuchs, H. (2019). Large-
scale experiments into the tsunamigenic potential of different iceberg calving mechanisms.
Scientific Reports 9:861 (www.nature.com/articles/s41598-018-36634-3).
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A Appendix: Pictures

Some pictures are shown below including the set-up of the capsizing case with block 1 (top),
the steel structure at the basin wall including block 2 hold with the electromagnet (bottom left)
and block 2 in the initial position for the over-turning buoyancy dominated mechanism with the
steel rod as the axis of rotation.

15



B Appendix: Detailed technical drawings

4 | 2 1 1
F . I I t t. I Tt el are oy s o the st case
-Thesa ban small prafiles are arly used
| Tlur e Talling end overluring e o
|
These sits alls for horeunta aujustmert |
|
I
]
Thase sits alinec adiust
€ Thes= han small prafiles are anly usar
for the falling ard cverturning cuses
+ &
- These clearares howes ean be used 1o
connect the frame to the basih wall
= 3
e Profi 1 suppon e plls (rom e e bsin
- X
/ pamsznz | Vfalentin Heller
s i
» = i
e Assembley V5
e
Eng T v
c |assembly_at_wall
= [ Tsteen 1 or 1
B 3 z T 1
4 L k] 2 1 1
=
]
1 [ —c— zo—ff— 575 —Bis0n TR w0 4=
A —
=T]e |
g 1500 THRU
ol o
F 1122.0 El
g
- 1220 -
A b o300 sp0-el |
_l_'_.
[ 140.0~
C L+ 1500 THRY -
3
/ g |~ Biss0THRY
7
N TS ~140.0+] 2
H
T
+ -
'
T
No— | —
8 3
o
% 4g0— |+ -
2
g
| Countersank scres |
connext stesl angle
|—@15.00 THRY
/msuu TRU ;
— 1500 rA1 e
. A9.00 THRU s
W BLSOL K UG 0.7 - 6H H g i3 2017
= — Mda017 - ) 7 ezzih1 i i
- 3 i Ii(m@ P27 Valentin Heller
Gap for sting - TIE
2 . i Loy x | . ' £ n
ey T ~ Mpm,ﬁh_gmzmp A Steel plate V5
——2—345.0—4 190 -~ 4700~ B
P e —— T - Thraaded holes For 4 serews (o Pedeslral bearings [FEFGTT
s F 12000 = Ex TR =
\ c Steel_plate
T EL ‘

16

Jewer1 o1
1



¥ 2

2 x standard L-profiles 80 x 40 x 8 mm

. oec |- — Threaded hale t match M14 screws
2 o2 - b
g
g
8
L
| .00
2027 | alentin Heller
W
i .
L L e Vertical beams V5 (steel)
2 = —ao
3 T
I——GU L0 EIZE ESEE] REY
L F |Vertical_main_beam ‘
] = [ neer Lo L
T T K] ) T T T
4 I 3 ¥ z I L

2 x standard UPN 80 profiles

ki~ an
i

~—70.0—

N @2200 F 1000

"~ Hole Lu 1L 20 e W reoded rou

+ This kap end should be cornectedfweided to the centre of an end plate

E
 This hale il be used 0 carneet this prefilc ta tne
¢ vertical platz en top of the verical suopart structure
7
gas.00 THRU—" |
4 P
(I"’-—— Hole to fit 26 mm threacled 1od
/qm:uo THRY
g -
gl peiosz | Valentin Heller
' _ " S50 THRY = o e
¢ - Side beam backside V5 (steel)
i
05 -4 e
1 3 GG =
Side_beam_backside
ha = I sner 1 or 1
7 E] ) 7 T T

17




4 | 2 | i
2 x standard UPN 80 profiles
[ 80.0——~
:
E
)
Sl %0 L 20 e (threaded) rod
f
i
\“—Thl) brttom end should be connected/welded to the tentre of an end plate
[T 20—
Wi :I‘kL
® E a7 \falentin Heller
H - T
J—:I e Side beam V5 (steel)
Eary =
- 450 [o ‘ Side_beam
T I Tomeer 1 o1
4 T 2 T 1
4 1 2 1 1
2 x standard UPN 80 profiles s
Il 0.0 -
B
S
3
=) l. < — — Slitto ft 30 mm rod
g
;
3
%
’ Y.
‘\k This bottem erd should be eonrected welced ta the certre of an end plate
30 - -

- - 50

oo

]

-450-‘

FRawT
ezovh1

i —

2032017 | Valentin Heller

TIiLE

Side beam bottom V5 (steel)

£ G 10 TV

Side_beam_large_bottom

FAE I Lezr s o)
T

18




3

4 1
2 x standard UPN 80 profiles - oo
[=—a0.0—=
o I
I3
-—Slit ko fit 30 mm rod
o
_P
o
_~ Ihis botizm erd should be connected swelded ta the centre of an end plate.
[ g
g
BIDT | alentin Heller
50 4 ¢ - T
» T = 350 ) .
1 H i - Side beam capsizing V5 (steel)
g 2
i EET
R w7 T =
C Side_beam_capsizing
4504.._..‘ ST I Toner 1 o1
4 T 3 z T 1
4 3 2 1 1
8 x
100 [y —
o
T T
g
8 o o Tl 114 screw —
i
T “15.00 THRU
5
g
|
' _
H 4
: _
t
- 50.0 L4
o
i 100,
et ik Valentin Heller
s
Al [
R End plate V5 (steel)
FEZi
o T W
C Front_plate_large-1
il I Tameer 1 o 1
E) 3 2 T 1




10 X (or just use washers

or nuts instead)

=}
20,
2.
- {Ckarance hal o il ML4 serew
c
q_
150 et
Il 200 -
s
2N | \alentin Heller
us
0 "
- Space holder (aluminium or steel) V5
B
i i i
| Space_holder
[FreI eree 1 o1
4 T 3 4} 2 T 1
3 ! | ¥ 2 I '

2 x standard 30 x 30 x 3 mm steel angle profiles

T

=]
e MBXL2s - BH
= B15.00 THRU q
\Elsdrgnce holes bo connect profile ta basin battam wia M4 cews
¢
o MBx1.25 - 6H
g o7
e
B
-~ 1500 THRU
- MEL25 - 5H
)
f— 30—~ 30,0 —= R
31/05/20H7 i
30 gmmi_ PUsENZ | \alentin Heller
n i
o R
l Steel angle V5 (stainless steel) |*
- g W
T [REPRIVTR
} o | l B ) T
L]n G| C Ang\e,at,sbeel,p\ate,base‘
' = [ | E
T T B ) F) T 1

20



4 I 3 ¥ 3

For illustrative purposes only

- Connections to UPN 50 profiles

D
<
e
e MLO Enreaded holes ko connect winch B
—Hukes tu cunnect t oo via M14 creas B
s
Ez -
jecuhl_ o0z Valentin Heller
T
[
= Asse_mbly st_Jpport structure
(R outside basin V5
= B =
C A;semhlyﬁsuppmrtﬁsu’ucturjg
e I [oveer L or 1
4 3 4} 2 T 1
4 1 3 + 2 1 L
2 x steel plates (end plates of UPN 200 profile at top)
s
L0 s e fix UPY 80 profile
PIsOTHRY g -] fe—tom
T - — - L
G L
1500 THRU |
115,00 THRU A ¢
7 |
- @ O | []
ke
/wns 00 THRU
G . ] .
) g L
-350 [ 350~
i
—— — : p— -
N S 0052017 \alentin Heller
h o End plates of UPN 200 profile  |*
— top V5 (steel)
s B 7
C [End_plate_support_top
oA ‘:HEE' 1o
4 T 3 4 2 T T

21



E]

¥ 2

1 i

1 x standard UPN

200 profile (on the left side when facing the basin)

Y .
3
Bottom enel conneeteefwelded 16 the contre of the end plate suppart bottom
c
Q_
s
~Top erd connerted/welded to the centre of the end plate support top
// |-
/
LA
2000 750 DW:; 31/05/2017 i
o ez 31/05
eanil Valentin Heller
- T
- ,\
s -k 13 A L Support profile left side V5
(steel)
B
i i i
C Suppoerroﬂleﬁcutswdeﬁb%sinf eft_sid
e eree 1 o1
4 T 3 4} 2 T 1

] | 3 ¥ 2 I L
1 x standard UPN 200 profile (on the right side when facing the basin)

20— -

N |
T T o

™
- Bottom end connectec/welded to the oentre of the end plate support battam
g ,r Ihreaded holes ta connect winch
o MLBLS - 5 B
e MLLE - GH {\—M‘_E-xlE-EH
[N—raaoets - om
i
k-
B
/71'0" e conneriedwelded Lo the cenlre of the end plale supgorl lop
s -
S
S
/
. L
B -
~—200.0—| EREEEYY lezant suosnoi | Valentin Heller
v
L 115 :H Support profile right side V5 N
L_§ (steel)
wr By o
C 5uppofcﬁproﬁleﬁoutside,b#smi ight_si
FHE [ [surcr 1 or 1
= 5 -3 7 T T

22



o4 2

2 x steel plates (end plates of UPN 200 p

rofiles at bottom)

[
r 300.0 -
100-= |
B O/ms 00 THRY @15, DDTHRu\) g
<
g
g
b
B
/ 1500 THRU #15.00 THRU 5
G : y
AV L]
A
L L
- 50.0 =
e -
- sosar. Valentin Heller
E G
s
* . ; — il End plates of UPN 200 profile
I . bottom V5 (steel)
R
Ei S0 T
C End_plate_support_bottom|
[Oe ‘ |EHEET1 o6l
4 T 3 q) 2 T 1
4 1 3 ¥ 2 1 1

Assembly of Mass type 1 for buoyancy driven overturning case (for illustrative purposes only)

Threaded holes for M3 screws, potentally
used for the weights in the capsizing case

—Pilowy black bearing fschematic)

. Magnetic steel plate to connect electramagnet

~ 30 mm diameter shart

~ Cover af hole and o atfiche sysbol
" {only aliachad for falbuoyant case)

= - -
liﬁi&% 2707 Vglentin Heller
- S
- Assembly of Mass type 1 V5
B
B (Wi HE Lt
C \Assembly_Mass_type_1
kil I Toresr 1 o1
4 T E] 4} H T 1

23




H ¥

z 1 1
380~
Ta fix pillow hladk
halles foe M3 serows ho i weights for eapsining ase If roauired
= / WM1&L 75 - BH =
- M35 - 6H ! S - 400.0 | o
FH 300 / i | |
ol tt Tt (MR - f 1 o
Pt A o, ‘
20 - R !
P 205.0 4 £ =
3 Midn - 6 e e | BE i Thread bo match 114 seres — 7
x2 - Pl
' [ n = g
PR R 2 8 8.l
a MBS - 61 A R 120
r 7 4 n ﬂ/fl‘llﬁ-ﬂ GH \3
iy e ft T e #3300 THRU
E: 7 o c S .| B
= ! Midsz - G =
‘ | t_ N losely it 30 o e i —M12:L.75 - 6H
=1— “—Ta losely fit 20 o ra
T T ! f = Midel - BH
500 .
ety = - 64 I / MIBK2 - 6H 0
fo———— 280, n—-( ‘ 2
¢ 772+ . 2 ) 3 ¢
f—120.0—~| I Il o T
dbgoi | " "
: i ) 1 :
= 5000 IS Bl .
= 3260 - o Ls0.0
P PR o
- 5 Y G
F— i — 3 - 300 L M1ZCL75 -6H
, B
B T HH e e
g | b H
l ~—MBx1.25 - 6H o
o : £
2 H M14x - 6H {
MBS - 6H = B
/ s} o
B M0 - GH 5
, / B G o
0.0 2] R
.
| 11—
=3 = !
2 & o
= ] . - MLBLTS -5H
— r r -
T
I oo
S E .
——152.0——|
e
21/0372017 1
P{L&u 07 Vglentin Heller
T
a _ | —Threaded hale for Eyeboit v o
{ - Mass type 1 V5 (PPH sheets)
3 Eaziua
. w7 T T
'
1 i o Mass_type_1
T
[ST [ Tonger 1 ce1
T El [ z T 1
4 1 3 ¥ z '
E NEEE R
e B
B o 528+ 579
Threaded holes fir 3 screws to add — e
neights for capsizing case I requied SEPaa
7]
E! o s H
j PRy 1~ T M il biock bearingr “F““‘1 1 S/ i
D T T 7 T 7 1 T 1 7 - T l T 3
2 Threod 1 molch Mt sclen 7| MiB@ 81 ¢ X1 [T L _Fmmaba -el Tl
12 ' / M305 - GH—, ¢ | 2u2
e 2'% o e} e $32.00 THRU B T:
- 4 5 | ! |3
{ @ Z RS I 2 L]
. 3 s |
3 i v " Ta lasely fit 30 mm rod N
_ 4 =L - To lasely fit 30 mm r - -
n | n -I ' n - | 150 | - n
f 1 172 R ERTERE
E I Y — L 2700 J 305 - 6H 4 a0
50— B[00 = - 240
— s I pory
- omen o I “vs0 -
¢ ) R T 1 T T T T L T IT T T T TT T T r; ¢
YR T T i T TT
i r s L v BRI IR
v T d L J 5 | W Y —Miaa oH
Tro—MEsL25 - BH N T
1 ] - M05 - B4
# &
q 40,5 - §4
4 /
Thregded halgs [or MG srevs
= . —To kasely fit 30 mm red
— =200 mseras-em xl 25 - BH. ;
&) 7305 - 61
3 il - M305-6H
& ] T
8 ’ ) e I B
" [s] ] =
Mgl - K S R
45 9 ———ef “—@33.00 THRU
i + Threaded hole for eyebolt i L
ML, 25 - 6H
- MBxLZ5 - 6H . /
i . wod |2 o
- g | i ER
— 21/03/2017 T
Lo Vo ' |7§:EVQD§E U017 \falantin Heller
L owse A _ Ll
A | &
I - Mass type 2 V5 (PPH sheets)
k 7500 N 3
6157 6L5 VoG A B
C Mass_type 2
e [ fotea 1 or 1
B T 3 ~ 7 T i

24



4 3 4 2 1 L
4 x (needs to be magnetic (no stainless steel)!)
o
120, 120
300+ L
; #1800 THRU
L To fit M14 screw ;
D 1 -
g ! .
O O
= ] &
Cr -
o
[ ] ‘ ]
L
i R 29/03/2017 1
ey A7 | \alentin Heller
r
~ Steel plate for electromagnet V5 |*
3 ;
- (steel, but not stainless steel!)
o [ =
C Magnet_steel_plate
T I Toweer 1 o1
4 3 4 2 T 1
4 3 L4 2 1 L
2X
o
- 10—
[ MIZRLTS - 6 © Mex1-6H
! /
‘ T
|
| L
2 | O Py Threaded hole for M12 screw 2 7 B
o 1 — Ll
! _
o —
P T
t O O ]
i L]
0.0
— . T .
N N T N
g -
s P57} Valentin Heller
T
=
S Cover plate for Fall bucyancy
e case V5 (steel)
S e =3
C Cover_fall_buoyancy
e ‘ |SNEEr L OFL
4 3 Q 2 T 1

25



¥

26

4 1 3
16 x standard L 80 x 40 x 8 mm steel profiles
)
< <
P ! i
¢
N N I 3
40,0 -
—_—25
B ; Wil e pul over M3 screw B
/
/
A
/
./ =
i // S gsmTHR L
= "
exovh1 orwsarz | \falentin Heller
e
i
A B . P P A
_ Weights to initiase capsizing V5
G
(steel)
o= SO ]
o [Weight_capsizing
[FEAE ‘ |EHEET LoFl
T 3 q) 7 T 1
1 3 ¥ 2 1 '
3
1 X { 1 ' N MBxL - GH
i
JRU S N S
™
o =)
“—The top 4 threaded holes are used for the M6 aye haoks
- o WiEnt - 6H [
g
c 2 [
Ed
) - Threaded through al {all 5 holos] 3 M6x1 - &H
g - 3 o
N g
B
-—MRx1 - 6H
) R
.,—Thw threaded hole is usad for a ME threaded rod
—t1 25 -1
e .
ezzun1 sz Valentin Heller
Crter
o v
Al 3 3
. Rectangular steel bar to
ol e - initiate overturning V5
Era T v
7 C Bar_for_overturning
e Jeres 1t ot
T 3 & z T 1



