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Abstract. Purpose. Dynamic analysis of ship structures made by finite element method (FEM) usually includes
dissipation of excitation energy only in metal structures following the approach that damping is very low in ship
structures and actually measured vibration values during sea trials are similar or less than the predictions. Non-structural
coverings such as floating floors, insulations are widely used to limit the distribution of vibration energy and avoid its
exceedance in living compartments. In general, structural damping increases with the increasing of frequency. This
article is aimed to represent the role of non-structural deck covering in vibration amplitudes of stiffened deck panel
since this has direct relation to comfort requirements and safe human being onboard.

Method. FEM as a part of numerical methods is used to solve current complex task since analytical solution is not
possible due to large amount of variables. In general, FEM uses partial differential equations to describe certain physical
phenomena and discretization algorithms to obtain approximate solution.

Results. The results of the study show the comparison between usage of non-structural mass objects which are in-built
into the FEM software and real materials modelled by volume finite elements with respect to influence on natural
frequencies and amplitudes of vibro-velocities. Based on the results of dynamic response analysis it is possible to
estimate influence of damping across the excitation range.

Scientific novelty. Class Rules [1-3] widely used for the dynamic analysis of ships contain fragmentary information
about non-structural damping (NSD) or neglect it at all. This article is aimed to show quantitative indicators of NSD
versus frequency for different orders of natural frequencies.

Practical importance. The results of this study can be used during design stage for the stiffening of deck panels to avoid
potential vibration problems or reducing vibration levels when the ship is already been built.
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AHoTauisn. Mema. JIluHamMidyHNHN aHali3 CyAHOBUX KOHCTPYKIil, BUKOHAHUX METOAOM CKiHueHHHX eneMeHTiB (MCE),
3a3BMYail BKJIIOYA€E PO3CIFOBAaHHS €Heprii 30y/UKEHHS JIMIIE B METAIEBUX KOHCTPYKIISAX, JOTPUMYIOUHCH MiIXOAY, IO
JeMnQyBaHHS B CyJHOBHX KOHCTPYKIISX Iy)kK€ HU3bKe, a (pakTHYHO BHUMIpSHI 3HAYEHHs BiOpamii i Jac XOZOBHX
BUIpOOyBaHb MO/I0HI a00 MeHII 3a MPOrHo30BaHi. HeKOHCTPYKIIiHI MOKPUTTS, TaKi SIK 3aJUBHI ITiIJI0TH, 130JISIIIi5,
LIMPOKO BUKOPHCTOBYIOTHCS JUIsl OOMEKEHHST PO3IOIUTy eHeprii BiOpawii Ta 3armo0iranss ii HEpeBUILEHHIO B XHUTIO-
BUX BiJICIKax. 3araioM, CTpyKTypHe AemidyBaHHs 3011blIyeThes 31 30UIbIICHHAM YacToTu. LIst cTarTs Mae Ha meTi
MIPE/ICTABUTH BIUIMB HEKOHCTPYKLIMHOTO MOKPUTTS NMayyOM Ha amInIiTyxi BiOparii migkpiruieHol namxyOHOI naHen,
OCKIJIbKH 11€ Ma€ MPSIMHH 3B'S130K 3 BUMOTI'aMH JI0 KOM(OPTY Ta O€31EeYHOr0 3HAXOLKEHHS JITofel Ha OopTy.

Memoo. MCE sik yacTHa YHCENBHUX METO/[IB BUKOPUCTOBYETHCS JJIsl BUPIIIEHHS IIOTOYHOI CKJIaIHOT 3a/1a4i, OCKLIb-
KM aHAJIITUYHE PilICHHS] HEMOXJIMBE Yepe3 BEIHKY KUIbKiCTh 3MiHHUX. 3aranoM, MCE BukopucToBye nudepeHuianbHi
PIBHSHHS 3 YACTUHHUMH TIOX1THIMH JJIs OIIMCY ITEBHUX (Di3MYHMX SIBHIL TA aJITOPUTMH AUCKPETH3ALT ISl OTPUMAHHS
HaOJIM)KEHOTO pillIeHHS.

Pezynomamu. Pe3ynbrati AOCHIDKEHHS IOKA3yIOTh MOPIBHSHHS MK BHKOPHCTaHHSIM HECTPYKTYPHHX MAacOBHX
00'ekTiB, BOyIoBaHHX y nporpamue 3ade3nedeHHs MCE, Ta peanbHHX MaTepiaiiB, 3MOJCIFOBaHUX 00'€MHUMU CKiH-
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YEHHUMH €JIEMEHTaMH, LI0JI0 BIUIMBY Ha BJIACHI YacTOTH Ta aMIUITyAu BiOpomBuakocteil. Ha ocHOBI pe3ysbrariB
aHaJIi3y JMHAMIYHOTO BiryKy MO)KHA OLIIHMTH BIUIMB JieMII(yBaHH: B Jliaia3oHi 30yKeHHSI.

Hayxoesa nosusna. Tlpasuna Mopcebkux Kiacudikaniiinux Crinok [1-3], 1110 IIMPOKO BUKOPHCTOBYIOTBCS JUIsl AWHA-
MIYHOT'0 aHai3y Cy[eH, MicTiATh pparMeHTapHy iH(opMaliito npo HecTpykTypHe Aemidysanns (NSD) abo B3araii He
BPaxOBYIOTh Horo. L5 cTaTTs Mae Ha MeTi MoKa3aTH KiIbKicHI moka3Huku NSD B 3a1eKHOCTI Biji YaCTOTH IS PI3HUX

TIOPSIIKIB BJIACHHUX YaCTOT.

Ipaxmuune 3nauenns. Pe3ynsratv IbOTO JOCHTIIPKEHHS MOXKYTh OyTH BUKOPHUCTAH1 Ha CTa/1ii TPOEKTYBaHHS IJIsl TIOCH-
JIeHHS! aTyOHKX MaHenel, 100 YHUKHYTH MOTeHLIHHNUX po0iieM 3 BiOpamiero abo 3MEHIIUTH PiBeHb BiOpallil, Koiu

CYIIHO BKe MOOyI0BaHe.

KoarouoBi ciioBa: HecTpykTypHE JeMI(yBaHHS; METOJl CKIHYEHHHX €JIEMEHTIB; aHali3 BUMYILICHOI peakiii; miaKpi-

IUICHA MajyOHa MaHeb.

PROBLEM STATEMENT

Dynamic analysis at the initial design stages includes
only metal structures and corresponding damping
coefficient. However, it can not represent in global FE
model all complexity of damping phenomena related to
structures mentioned in [1, App. D. p. 24]. This can lead to
the overestimation of actual vibrations obtained by finite
element analysis and as result to additional modifications,
which in reality are not needed. The purpose of the article
is to show how to include damping of non-structural deck
covering additionally to the available information from
Class Rules, i.e. [2, p. 7] and perform calculation in more
accurate way.

ANALYSIS OF THE LATEST RESEARCHES
AND PUBLICATIONS

Structural engineers are facing with the two problems
during the dynamic analysis of ship structures. One of
them corresponds to the definition of pressure fluctuation
induced by propeller as main excitor on board. Holden et
al. method [4] is widely used for the definition of pulsing
pressure on the aft part of the ship. However, the statistics
based on experimental data from 72 ships is collected for
conventional hull shapes and approximation formulas give
overestimated cavitating and non-cavitating pressures for
modern offshore vessels and yachts with open shaft lines
supported by brackets or azimuth/tunnel thrusters.

Since more accurate analytical model for the
definition of pulsing pressures is absent another problem
with damping is rising when Holden’s method is used as
it is without any corrections related to geometry of the aft
part of the ship and propeller but validation of FE model
with sea trial measurements is performed by tunning of
damping factor. Such damping coefficients are unrealistic
and has no physical sense, [5].

Therefore, both input parameters are to be clarified to
orders acceptable for engineering usage.

SEPARATION OF PREVIOUSLY
UNRESOLVED PARTS
OF THE OVERALL PROBLEM

In general designers have the statistics about non-
structural mass of floating floors, decorative coverings and
systems underneath the deck. Therefore it is possible to
calculate approximately amount of mass in kg/m?* needed

for natural frequency and dynamic response analyses.
This information is needed to set up non-structural mass
(NSM) objects in FEM software coupled to deck panel.
However, each deck covering has its own combination
of stiffness, mass and damping, which will have certain
influence on vibration amplitudes. The peculiarity of this
study is that the floating floor is modelled by volume
finite elements with real physical properties and obtained
vibrations are compared with the ones calculated with
NSM.

PURPOSE OF THE STUDY

The purpose of the study is to show quantitative
results of the influence of floating floor covering modelled
using volume finite elements with real physical properties
on natural frequencies and vibration amplitudes of deck
stiffened panel.

METHODS, OBJECT AND SUBJECT
OF THE STUDY

Finite element method is used in this study due to
complexity of the task and post-processing purposes.
Modal frequency response analysis allows to take into
account functional dependency of damping coefficient
versus frequency.

Object of the investigation is stiffened deck panel
extracted from global FE model of the offshore vessel [6].

Subject of the study is damping coefficient which is
derived from frequency response functions obtained for
respective natural frequencies.

MAIN CONTENT

The object of the study is a deck stiffened panel with
the following parameters:

* Material: Steel Grade A, Yield strength is
235 MPa, Young's modulus is 206 GPa, Poisson’s ratio is
0.3, density is 7850 kg/m?;

¢ Plate thickness: 8 mm,;

* Primary girders: T300x8/100x10, frame space is
2.4 m;

» Secondary stiffeners: EN 10067, Holland profile
(HP) 100x7, frame space is 0.6 m.

The Weber Marine dB A-60 floating floor system [7]
includes multiple layers, four of which are included into
the FE model:

* 1*layer: 1.5 mm visco-elastic layer;
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Fig. 1. Object of the investigation — deck stiffened panel

e 2 Jayer: 15 mm cement based, fibre reinforced
levelling compound with nominal density of 1.7 kg/m?*mm;

+ 3"]ayer: 50 mm non-combustible mineral wool;

« 4™Mlayer: Interglass woven glass fabric with weight
100-300 g/m>,

e 5" layer: Steel reinforcement net @ 5 mm, grid
150 x 150 mm;

¢ 6" layer: 25 mm cement based, fibre reinforced
levelling compound with nominal density of 1.7 kg/m?/mm.

A detailed view of the multilayer floor modeled
by finite elements is shown in Fig. 2. The first and the
fourth layers are excluded from the model, as they are
technological layers and their influence on the results can
be neglected.

6th layer, HEXAS

5th layer, BEAM

-

2" layer, HEXAS

3" layer, HEXAS8

Deck, QUAD4

Fig. 2. Weber Marine dB A-60 floating floor modelled by finite
elements

FE model parameters:

* Mesh size of structure is 100x100 mm; mesh size
of floor is 150x150 mm;

* Meshes of floating floor are merged node-to-node;
this multilayered package is glued to structure using
inbuilt software tool;

» Software: Siemens NX with Nastran solver;

* Analysis: SOL111 Modal Frequency Response;

* Boundary conditions: All translational degrees of
freedom are constrained around the perimeter;

» Excitation load: 1 Pa normal pressure;

* Measurement point: Center of the panel;

* Damping: Functional dependency of critical
damping versus frequency from [2, p. 7];

* Frequency range: 0—100 Hz, step 0.1 Hz.
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DISCUSSION OF THE RESULTS

The vibration velocity amplitudes along the vertical
axis in the graph in Fig. 3 are indicative and are used solely
for evaluating the damping coefficient and identifying the
most significant vibration modes.
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Fig. 3. Vertical vibration velocity versus frequency depending
on the modelling approach of non-structural covering

The method for evaluating the energy dissipation
coefficient is taken from [1, App. D, p. 29], see Fig. 4.

Al

Fig. 4. Method used for the evaluation of damping coefficient

The results are presented in Table 1.

Table 1. Structural damping coefficient [%] versus mode
shape and frequency

Modelling approach of
Non-Structural Covering Ist Mode 7th Mode
NSM 3.7 5.15
Floor A-60 4.0 (+8,1 %) [ 6.2 (+20,3 %)

Fig. 5 represents initial and modified function of
damping based on the results from Table 1. Following
approach is used to build modified curve:

* Range from 0 to 5 Hz remains the same since
influence of structural damping here can be neglected.

* Inclined part starts from 2 % of structural damping
at 5 Hz. Second point can be found if first natural
frequency falls into the range from 5 to 20 Hz.



» Horizontal part above 20 Hz remains the same
but is to be increased by percentage found for natural
frequencies with higher order.

]
v +8.1 +20.39
0 Lar] L)
= J ,
g ° !
E L/ |
g | |
@ 0 I L
0 50 100
Frequency, Hz
—LR LR modified

Fig. 5. Initial and modified Lloyd’s Register structural
damping dependencies versus frequency
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CONCLUSIONS

* Both methods of applying non-structural covering
show good agreement with the results only for the first
fundamental vibration mode with the highest response.

* The derivation of the damping versus frequency
function depends on the type of covering and deck
structure and clearly requires analysis of a larger number
of typical deck panels to generalize the results.

* Damping correction from [2, p. 7] can be
applied based on this example, as shown in Fig. 5,
but it does not solve the issue of the large number of
vibration modes when the non-structural covering is
applied using the NSM inbuilt tool directly to the deck
plates. Therefore, the search for the optimal ratio of
sizes and types of elements will be addressed in future
publications.
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