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Numerical simulation of the movement behavior
of floating structures

The sea level is rising, and floods threaten the infrastructure all over the world; therefore, we should identify
the risks for envelops of buildings and settlements. The risks arise due to the new boundary conditions and
a direct contact between the water flows in motion. A floating construction site requires a manifold adaptation
of structures. The paper demonstrates the effect of water waves on floating houses built on abandoned open
pit mines. Pictures of destroyed accessways to such properties have proven the need to study the effect of
water waves on floating houses. In order to minimize the time and spending on experimental activities, some of
the field studies should be replaced by numerical simulations using modern computing equipment and ANSYS
FLUENT, ANSYS MECHANICAL FSI, and ANSYS AQWA software. The results can be validated using a hydraulic
testing channel (15 x 5 m), a floating platform near the harbor of Lake Gro r schener See and floating houses
in the Lusatian Lakeland. The results demonstrate the wave forces acting on the structures of the pontoons.
New connection elements, adapted versions of materials and structures have been developed, water waves are
damped, and options for the wave energy use have been analyzed.
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1. INTRODUCTION
1.1. WHY, WHAT, HOW

here are two reasons why this topic must be

I dealt with. On the one hand, it is a search for al-
ternative energy sources, i.e., the conversion of

the kinetic energy of water waves into useful energy,
and the simultaneous damping of destructive forces.
At the same time, it is important to store energy, for ex-
ample, thermal energy in a pontoon [1]. On the other
hand, it is necessary to study these forces and devel-
op appropriate structural solutions in order to limit the
damage in the long term. Fig. 1 and 2 demonstrate
floating houses recently destroyed by the storms in the
Lusatian Lakeland near the university of Cottbus (both
lakes can be seen in Fig. 3). Besides a testing site on

Fig. 2. A damaged accessway to the floating
houses on Lake Partwitzer

Fig. 4, 5. Each of them has measuring instruments
installed pursuant to the contracts made with their
owners. Water parameters, indoor climate and mate-
rial properties are measured there [2, 3].

2.2. LAKE GRORRAESCHEN AS A
TERRITORY FOR EXPERIMENTS

This testing site is located 35 kilometers from the
university, and it uses the infrastructure of the newly
built GroRraschen Sud port. The IfSB testing site,
designated for floating structures, has two dolphins,
two pontoons and a small bridge needed to access
the floating platform. The pontoons were manufac-
tured at the IfSB institute, and they are made of glu-
lam wood that has several layers of coating applied.

Fig. 1. A damaged accessway to a floating house
in the marina of Geerswalde

the university campus and inhabited floating houses,
the institute of floating houses and settlements has a
testing site at the GroRraschener Lake, where results of
numerical simulations can be validated.

2. THE BASIS FOR THE VALIDATION OF
NUMERICAL RESULTS

2.1. FLOATING HOUSES IN THE LUSATIAN
LAKELAND

Fig. 3. Lusatian Lakeland; eleven lakes are con-
nected by canals, that have so-called locks, or water
gates to compensate for the height differences

Floating structures are built on the four lakes of
the Lusatian Lakeland; their designs can be seen in
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Fig. 4. Left photo: a floating wooden structure on Lake Partwit-
zer; right photo: a floating diving school and a guest house on Lake
Grdbendorf

Fig. 6 and 7 show the initial stage of the construction work at the
testing site on Lake GroRraschener See.

2.2. LAKE GROBRAESCHEN AS A TERRITORY FOR
EXPERIMENTS

Fig. 8 shows the canal used to investigate floating pontoons
and other facilities. It is analyzed in chapter 4 “Experimental work”.

2.3. A WIDE CANAL ON CAMPUS

Fig. 8 shows the canal used to investigate floating pontoons
and other facilities. It is analyzed in chapter 4 “Experimental work”.

Fig. 5. Left photo: a floating house of the “Arche” type on Lake
Geierswald; five houses were built in the marina so far, including a
guest house, and two houses were built on the land in the same ar-
chitectural style. Right photo: “Freilichthaus” on Lake Bergheider

Fig. 6. Left photo: two freely available dolphins, brought in be-
fore the open pit mine was flooded; their length is 10 m; right photo:
the view of GrofSrdschen Siid, a new port, a crane can be seen in the
background

Fig. 7. The left photo: the assembly of the two pontoons; the
right photo: using an assembly crane to make an accessway

Fig. 8. Using the crane to lift the shock absorber

3. RESULTS OF NUMERICAL SIMULATIONS

In the following sections, some examples of numerical simula-
tion results are presented. They deal with the kinematics of pon-
toons and effects of forces caused by water waves. Software pro-
grammes are ANSYS-Fluent and ANSYS-AQWA.

3.1. THE EFFECT OF CONNECTIONS BETWEEN THE
PONTOON

Here the effect of various platform connections on the stability
of a structure as a whole and the forces arising inside it, in particu-
lar, are studied.

Initially, the immersion depth of the platform is 45.58 cm above
the base, and it coincides with the zero point of the Z-axis. The at-
tachment point of the joints is exactly in the middle of the platform.
The attachment points of the cables are located in the upper part of
the platform, they are equidistant from each other (1.7 m), and the
distance from the Y-axis is 0.85. Fixed cable attachment points are
in the same plane as the points on the platform, and it is located at
the distance of 5 m from them.

It is also noteworthy that all cables, that keep the platforms to-
gether, are metal and linearly elastic; hence, tension is proportional
to extension, and the constant of proportionality is called stiffness.
As extension may vary in the course of the analysis, structures, to
which the cable is attached, will experience a force of varying inten-
sity and direction. The value of this force, which is equal to cable
tension, is calculated using the formula: Force = Stiffness x Cable
Extension. Stiffness as a universal value for a metal cable is set as
10 MN/m. Parameters of waves are presented in Table 1.

All calculations were performed at the time step of 0.01 s and
the time interval of 50 s. Different initial conditions were considered
for each type of attachment.

ANSYS AQWA allows for the analysis of various connections, in-
cluding the so-called joints. A joint connection does not allow for any

Table 1. Wave parameters

Lake Test installation
Depth, in m 10 1.1
Water density, in kg/m?® 1,000 1,000
Wave amplitude, in m 0.5 0.15
Wave period, in s 2,118 1.4
Wave frequency, in Hz 0.472 0.714
Wave length, in m 7.0 3.0
Wave direction 0.0° 0.0°
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relative translation of the two structures, but it allows for the relative
rotational movement in a number of ways that can be defined by the
user. Simulation results obtained for the platforms, using a universal
joint, are presented first. Its design is shown in Fig. 9.

Fig. 9. Construction of a universal joint

The structure can freely rotate around the two axes, transmit-
ting a moment around the third axis. In our case, it restricts the rota-
tion along the X- and Z-axes and allows rotation along the Y-axis.

The illustration is available in Fig. 10 and 11 below.

To limit the rotation of the rear platform around the Z-axis, metal
cables that are 0.2 m long were stretched between the platforms.
Numerical simulation results are presented in Table 2 for compari-
SON purposes.

Below are the diagrams of forces arising in the joints and ten-
sions arising in the cables between the platforms in the case of
mooring with the help of two (Fig. 12) and four (Fig. 13) steel cables.

It should be noted that the largest portion of the loading is ac-
cepted by the joint, while cables serve to stabilize the platform and
increase its resistance to fluctuating wave loads. In the case of

Table 2. Numerical simulation results

Fig. 10. The overall view of the system having a universal joint

Fig. 11. A connection system having a universal joint

four-cable mooring, inner cables are not strained at all, since there is
no need to limit the additional rotation resulting from the turning of the
structure by waves.

A simulated platform-to-platform connection by the metal ca-
bles is shown below (Fig. 14). To increase the resistance to loads,
outer cables are pre-stretched by 1 cm.

Lake Test Installation
2 metal cables 4 metal cables 4 PP cables 2 metal cables 4 metal cables 4 PP cables
A universal joint in combination with a cable connection
Max. tension in Cable 5in N — 483 5,261 9,763 453 1,087
Max. tension in Cable 6 in N — 499 5,150 10,316 386 1,082
Max. force in Joint Xin N — 227,518 28,857 8,074 56,306 5,180
Max. Platform 1 shift along Z axis in cm — 21.7 354 341 2.7 2.6
Max. Platform 2 shift along the Z axis in cm — 20.6 40.3 2.2 2.0 2.3
A cable connection

Max. tension in Cable 5 in N —

Max. tension in Cable 6 in N — 136,195 27,581 29,903 148,927 27,726
Max. Platform 1 shift along Z axis in cm — 136,195 27,581 33,842 148,924 27,726
Max. Platform 2 shift along the Z axis in cm — 345 19.2 3.9 37.0 7.4
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Line A: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 5) [N]
Line B: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 6) [N]
Line C: Forces in the joints — Global X (Pontoon 1 — Universal Joint) [N]
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Fig. 12. Forces in the joints and forces/tensions in the cables arising between the platforms in the case of the two cable mooring

Line A: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 5) [N]
Line B: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 6) [N]
Line C: Forces in the joints — Global X (Pontoon 1 — Universal Joint) [N]
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Fig. 13. Forces in the joints and forces/tensions in the cables arising between the platforms in the case of two-cable mooring
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The diagram of stresses, arising in platform fastening cables in
the process of their mooring by a metal cable, is presented below
(Fig. 15). A shift in the platform’s centres of gravity along the Z-axis
is also shown in Fig. 16.

It is safe to say that after about 20 s of oscillation, the system
comes to a fairly stable state with an average tension in the cables
of about 67 kN and a 2...3 cm deviation of the center of gravity from
its initial position. In fact, the constancy of tension in the cables
shows the insignificance of the influence of forces created by the
waves, and the dominance of the cable tension.

The table of summarized results has maximum tensions, arising
in the cables and joints fastening the platforms, and shifts in the
centers of gravity of platforms 1 and 2 from the center of buoyancy
along the Z-axis under different initial conditions.

To sum up this section, it's important to emphasize that the con-
nection of floating platforms is a fairly complex issue in terms of
both mathematical modeling and interpretation of the results.

In the future, more types of connections will be studied to ensure
greater system stability and feasibility of the universal application of
connections. Subsequently, one of the objectives is to conduct an
experiment to check the stability of systems having different connec-
tions using the wave generator installed at BTU Cottbus-Senftenberg
Campus Sachsendorf. The results of this experiment will be used to
validate the models and to ensure their universal application.

3.2. VERTICAL FLOATING PIPE PONTOON

The movement behavior of a pontoon consisting of four rigidly
connected pipes is shown in Fig. 17 and 18. The pipes are only
opened in the water. The enclosed air damps the motion.

oom SL S

Fig. 14. The system that has two platforms connected by two
steel cables

3.3. INTERACTIONS BETWEEN WATER WAVES AND THE
STRUCTURE OF THE PONTOON

In this case, a tested pontoon, being a floating subject, was
made of the so-called fiber concrete manufactured by TU Dresden
and a company in Thuringia (Germany). Fig. 19 and 20 demon-
strate the numerical simulation of its behaviour.

3.4. CONSIDERING AND USING DIFFRACTION AND
SUPERPOSITION OF WATER WAVES

A very interesting topic is the effect of diffraction of water waves
caused by gaps between floating pontoons. Floating houses,
placed behind the “wall”, could be protected from water wave at-
tacks by such a floating chain of pontoons. Fig. 21 shows a

Line A: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 5) [N]
Line B: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 6) [N]
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Fig. 15. Total tensions in the cables between the platforms if the connection has no joints
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Line A: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 5) [N]
Line B: Forces in the cables, Total forces in the cables — Tension (Pontoon 1 — Cable 6) [N]

7,072

6,000

5,000

4,000

3,000

Position (x107")

2,000

1,000

0.000

S

-0.344

T T
0.000 10,000 20,000

Fig. 16. A shift in the platform s gravity centers along the Z-axis
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Fig. 17. A snapshot of the platform section. Motion parameters
are available in Fig. 18

principal sketch simulated by the software. The result is shown in
Fig. 22.

4. EXPERIMENTAL WORK

The snapshots in Fig. 23 demonstrate the experimental re-
search performed with the help of a wide hydraulic testing channel
at the IfSB Institute on the campus of the BTU Cottbus-Senftenberg
University. Fig. 24 shows water wave parameters, recorded using a
measuring buoy on Lake Partwitzer See in the Lusatian Lakeland.

5. THE OUTLOOK FOR FURTHER WORK

In the context of the global state of affairs, it is important to de-
velop and produce regionally adapted and affordable floating
structures. Towards this end, new approaches are being

| |
30,000 40,000 50,000

Time, s

developed. Robotik will serve as an additional important forward-
looking technology that will accelerate work performance and min-
imize costs. Student graduation projects are being drafted.

In the same way, we will investigate the use of new materials.
For instance, a so-called hybrid pontoon, made of concrete and
wood, is being devised. Initial trials are underway in cooperation
with the partners from Vietnam and Germany.

Furthermore, the influence of the thermal effect of water waves
on water-filled pontoons, used as storage areas, must be examined.

The last but not the least, we will draw more attention to damping
the motion and simultaneously converting and storing energy in indus-
trial products, e.g., pipes made of plastic or steel, Fig. 25. The final
point could be also a matter of cost reduction. The major problemis a
permanently rigid connection between plastic pipes and steel grating.

Pontonhubbewegung durch Wellen
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Fig. 18. The lift and the incline of the pontoon having open float-
ing pipes on the bottom
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Fig. 19. The dimensions of the floating sample are 125 x 125 x
62.5cm

Fig. 20. The figure shows stresses caused by the wave attack
on the channel

Fig. 23. Hydraulic testing channel
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Fig. 24. The measurement protocol of a floating buoy that can be
used to prognosticate the parameters of water waves in the lakes that
represent former lignite mines

Fig. 21. The principal sketch of the two floating houses with five
protecting pontoons in front, which was simulated when water
waves were coming from the left

Fig. 22. The principal sketch of the two floating houses with five
protecting pontoons in front, which was simulated when water
waves were coming from the left

Fig. 25. The left image: a testing platform, made of prefabri-
cated pipes. The right image: numerical simulation of the defor-
mation behavior of plastic PE pipes exposed to mechanical loads
at an immersion depth of 1.20 m (pipe diameter 1.50 m, wall
thickness 60 mm)
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YucneHHoe MoaenupoBaHue ABUXEHUS
NNaBy4nMX KOHCTPYKLNMA

YpoBeHb MOPS MOBLILLAETCS, BO BCEM MMPE HABOOHEHUS Yrpo-
XarT MHGpacTpykType. Mbl JOMKHLI OCO3HABATbL PUCKM [N Or-
paxKdaloLmx KOHCTPYKUMIA 30aHWA U NOCeNeHWI, CBS3aHHble
C HOBbIMV FPaHNYHBIMW YCITOBUAMM, BOSHUKAIOLLMMU B PE3YIIb-
Tate MPSMOro KOHTaKTa C BOAHbIMW MoTOoKamu. Ons akcnnya-
TauMn NOABMXXHOW CTPOUTENbHOW NIoLagku Tpebyetca apjan-
Tauus KOHCTPYKLMIA BO MHOTMX acrnekTax. B crtatbe mokasaHo
BNNSIHNE BOJIH Ha NnaBy4ne [oMa, NOCTPOEHHbIE HA TEPPUTOPUN
6bIBLUNX KapbepoB. CHUMKM pa3pyLUEHHbIX NyTen Nogxofa K Ta-
KUM 06GbekTaM MOATBEPXAAOT HEOGXOAMMOCTb WUCCNERoBaTb
BO3[eNCTBME BOJIH Ha nnaBy4vve goma. YTobbl COKpaTuUTh Bpe-
MS 1 pacxofbl Ha NPOBEAEHNE SKCMEPUMEHTOB, Lie1ecoo6pasHo
MCNonb30BaTb YXNCNEHHOE MOAENNPOBaHME, KOTOPOE OCYLLECTB-
JIETCS C MOMOLLIbIO COBPEMEHHOIO BbI4YMCIMTENBHOrO 060pYA0-
BaHuA 1 nporpammHoro o6ecnevenmss ANSYS FLUENT, ANSYS
MECHANICAL FSI n ANSYS AQWA. [1na npoBepku pacyeTHbIX
napameTpoB MCMONb30BaH MAPABIIMYECKUIA UCTbITATENbHbIN
kaHan pasmepom 15 x 5 m, nnaesyyas nnardopma BO3ne raBaHu
o3epa pocpelLlieHep v Nnaey4ne JoMa B OKPeCTHOCTAX JTyxXuL-
Koro o3epa B lepmaHuu. B 3akstoyeHre nokasaHa BO3MOXHOCTb
YCTaHOBMIEHNA MapaMeTPOB BOJSIHOBbLIX CWUJI, BO3OEWCTBYHOLLMX
Ha KOHCTPYKLMIO NOHTOHOB. MNpoBefeHa pa3paboTka HOBbIX COe-
OVHUTENbHBIX 3N1EMEHTOB, afanTUPOBaHHbIX MaTEPUANOB U KOH-
CTPYKLMI, OCYLLECTBNEHO AeMNdUpPOBaHNE ABWXEHUS BOAbI,
paccMOTpeHbl BapyaHTbl UCMONb30BaHNS SHEPTUM BOJTH.

KnioyeBble croBa: [evicTBue BOJH, iaBy4ne 4oMa, YUCIIEHHOE
mogenviposaHue, JTyXvLKui 03epHbIV Kpaw
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