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Abstract

Use of floating structures is very common and wadesd. Starting from boats, ships and submariney thre used these days for
various purposes like platforms for industrial Ude offshore oil exploration, civic amenities liReating air strips, defense bases
and in some island nations for recreation and hetiih. Hence, strength and stability of these platfs are very important. In the
present study, the fluid-structure interaction effen the free vibration frequency of a floatingtfdrm is investigated. The fluid is
treated as inviscid, incompressible and having alsamplitude irrotational motion. The platform ¢®nsidered to be of rectangular
in size and is made of homogeneous material faigwiooke’s law. Finite element technique is adogtedthe solution of this
problem with eight noded brick elements for thafland four noded quadrilateral elements for thatel The interaction problem of
the platform and the fluid is solved independefulythe platform and the fluid domain by transfagithe pressure to the platform
from the fluid and the acceleration of the platfaiorthe fluid sequentially. The effects of theatefwave, thickness and aspect ratio
of the platform on free vibration frequencies atadged. It is observed that surface wave reducesftee vibration frequencies

significantly for frequencies those are due tolihilging modes of the platform.
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Kk

1. INTRODUCTION

Today floating platforms are used for various psgmlike oil
exploration, naval bases, air strips, rescue basassement
parks and settlement colonies etc. A lot of rededias been
carried out. Earlier works were mainly based onrtiation of
rigid plates due to wave action. Later investigagiovere
focused on the flexibility of large floating plateéBhus, hydro
elastic analysis took centre stage in the analgbimat-like
floating structures. Breakthrough works by Bishapl &rice
[1] and Price and Wu [2ed to the full 3-D hydroelasticity
theory, where the Green function method is useuddel the
fluid. The plate is modeled as an elastic thin ghaith free
edges. The fluid is incompressible, inviscid argdritotion is
irrotational so that a velocity potential existheTamplitude of
the incident wave and the motions of the VLFS arthtsmall
and only the vertical motion of the structure imsidered.
Eigenfrequencies of a plate either immersed ooimact with
a fluid decrease significantly compared to thosevacuum,
especially for the fundamental one. This is becatlse
vibration of the plate is transferred to the flwidusing an
increase in the kinetic energy of the surroundinglf In the
early phase of work on this area, Lamb [3] studrezlchange
in natural frequencies of a thin clamped circultatg in an
aperture of an infinitely long plane rigid wall gontact with
water. Later, Powell and Roberts [4] experimentakyified
the work of Lamb and Mclachlan [5] extended Lamv@rk
to circular plates without any supports. Kwak anch§6] and

later Kwak [7] obtained the non-dimensional addedual

mass incremental (NAVMI) factors for circular platplaced
on a free liquid surface using Hankel's transfolioratfor

axisymmetric modes and all other modes. All theseks are
based on the assumption that mode shapes of tteerptaain
same both in contact with the fluid and in vacuikwak [8]

investigated the effect of water on mode shapesoasérved
that except the fundamental mode, other modesnélteenced
by the presence of water. The distortion of modapsk
increases with the increase in mode numbers. Tae plas
considered to be thin and made of isotropic, homegas and
linearly elastic material. Kirchhoff's theory foigbe vibration
and analytical-Ritz method for fluid-structure irgtetion were
adopted for the analysis. The effect of the fredage was
studied in some detail by Amabili [9] in whid¥ibrations of
circular plates resting on a sloshing liquid fraeface are
studied. The fully coupled problem between slosmimgles of
the free surface and bulging modes of the platoiged by
using the Rayleigh—Ritz method. The sloshing bomnda
condition is directly inserted into the eigenvapreblem. The
theory is suitable for all axisymmetric plate boand
conditions. The effect of free surface waves on plete
natural frequencies is significant when the fundatale
bulging mode of the plate has its natural frequecloge to
those of the first sloshing modes of the free serfarhe
natural frequencies and mode shapes for differgstem
parameters are giveWibration analysis of rectangular plates
coupled with fluid was investigated Kerboua [10Veleped a

Volume: 02 Issue: 09 | Sep-2013, Available @ httpaww.ijret.org 68



IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

mathematical modeling of rectangular plates couphéth
fluids which is representative of certain key comguats of
complex structures used in industries such as paces
nuclear and naval. The plates can be totally subetkein fluid
or floating on its free surface. The mathematicatei for the
structure is developed using a combination of thetef
element method and Sanders' shell theory. Theanepknd
out-of-plane displacement components are modellgidigu
bilinear polynomials and exponential functions,pegively.
Variation of fluid level is considered in the cdition of the
natural frequenciedor the solution of interaction problems,
though analytical methods provide better accurdmiy use is
limited to either very special or simple cases hseaof the
mathematical complexities involved. However, due the
availability of high speed computational facilitieseveral
numerical techniques may be adopted to obtain animgfal

solution of such complex problems. Among different

numerical techniques used, finite element methd@MJ-is

mostly preferred due to its easy implementationainvide

range of problems. The focus of the present workiois
investigate the effect of the flexibility of thegpé and fluid
depth on eigen frequencies of the plate floatingrate fluid

considering the effect of the surface wave.

2. THE MODEL OF INVESTIGATION

A rectangular platform of widtl?a and Iength2b is floating
on a reservoir of infinite extent as shown in RigThe fluid is
considered to be incompressible and inviscid withals
amplitude motion. The effect of the static pressigenot
considered in the analysis. It is assumed thatréservoir
floor is horizontal and rigid.

Ineident Wave
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Figurel: Pontoon type of VLFS under wave action

The plate is uniformly thick and its material isnfm@geneous,
isotropic and linearly elastic in nature. In thalgsis, the 3-D
fluid domain is discretized considering eight nodexdck

elements and the gate using four noded quadriladade

elements. Mindlin’s plate bending theory is usedatmlyze
the plate.

3. THEORETICAL FORMULATION

For inviscid, incompressible fluid with a very sin@lagnitude
of irrotational fluid flow, the dynamic pressure time fluid is
given as

2 —
0°p(x ¥, =0 W

DZis the Laplacian operator anldis the dynamic pressure at
a point at any instant of time over and above tteics
pressure. For the problem under consideration @bating
plate (Fig 1) structure, the following boundary ditions are
adopted.

3.1 Boundary Conditions

For the problem under consideration of a plate ctine
floating on a fluid domain, the following boundasgnditions
are adopted.

The fluid-structure interface (Sg):

The pressure gradient at the fluid-structure iateefat any
instant of time is related to the acceleratfrof the interface
as

0
_p:_pfa
on )

The top free surface (9:

The actual free surface is nonlinear in nature. elew, a
linear approximation of the free surface may be enaithout
much error when the amplitude of the surface wase i
relatively small in comparison to the depth.

The free surface boundary condition may be reptedess

op_odp_ 1.
ST~ —P
on 0z g 3)

The four side surfaces ($:

The plate structure vibrates along with the fluidhaut any
cavitations. For small displacement of the platés assumed
that pressure waves are perpendicular to the wmbest
position of the plate. It is assumed that ther@dspressure
change across the side surfaces of the fluid doowisidered.
So, the boundary conditions are

a—p(x,O,z)z 0
on (4)
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@(x, b,2=0

on (5)
@(O,y,z)— 0

on (6)

0

—p(a, y,2=0
on (7)
The bottom surface (9):

It is assumed that there is no pressure changessadie

bottom surface of the fluid domain considered. Bhandary
condition is represented as

@ (x,y,00=0
on (8)
4. FINITE ELEMENT FORMULATION FOR THE
FLUID DOMAIN

The fluid domain is discretized (Fig. 1) as an addage of
finite elements assuming pressure to be the nodlahawn.

The pressure at any point inside an element may be

represented as

p:z N P

©)

N, , B are the interpolation functions and nodal pressure

values corresponding to node respectively and" is the
number of nodes in the element. Using Galerkin’sghied
residual method, the weighted average integralgof & may
be represented for the whole fluid domain as

> [ NT(0p)d, =0
Q (10)

Here, z and Qe refer to the summation of all the elements
and one element respectively. The weak form of égnmay
be written as

Z[ J(ovc [N e,

Q e

=0
(11)

e indicates the total boundary surface of the elémen
In concise matrix form, this may be represented as

CICEE -

in which,

[G]=3 [(ON".ON) do,
e (13)

op
Bl= [N =Edr
. (14)

2

S refers to the total boundary surface of the flubenghin.

Bt . o
{ } is separated into its components

{e}={e}+{B}+{B}+{B}

op_ 1.,
a*—_* p
At the free surface, since n g9
{8} :—Z{J'(NT N) d’e]%
S Me (16)
0
_p:_pf a
At the fluid structure interface, sin(Qn

{B}=-p,[R.]{3} 17

where,

_ T
[Rfs} _ZJ. N Ns d e
Sts le (18)
S is the shape function of the structure correspundd

nodes of the fluid-structure interface al{(?} is the vector of
nodal accelerations.

At the bottom surface of the fluid domain, as tharnmal
pressure gradient vanishes

{Bp}=0 (19)
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w»_g

At the four side faces of the fluid domain, sin@é"

S

(8}=0 o

With the values of the components {)?} eqgn. 12 may be
modified as

[E{p}+[cl{B=- [ R{3

£=2 ] (W)

5. COUPLED MOTION OF THE FLUID AND THE
STRUCTURE

(21)
(22)

= _ x}
Replacing{ a} with { in egn. (21) may be written as

[E{#+e(B=n[ R}

The structural free vibration may be represented as

()X} +[KI{ X} =-[R] {8

From eqn. (24)

R URIGREEE)

(23)

(24)

(25)

]
Replacing{ in egn. 23 with that obtained from eqn. 25

and then writing egns. with rearrangement of temsay be
written in matrix form as

El 0 e
-[ ] [E] :ij_‘}l
i 2, J[{PJ,
[KMT'E] [KIMTRT ]Hﬁ
[R T }:] +[.:z MR, ] 1z}

i}

(26)

=5
BEE

Eqn. 26 is of the same form as the free vibratigmagion for
structure without damping. This may be used forluating

the free vibration frequencies of the gate struecamd the free
surface wave frequencies of the fluid domain.

Table—1
Non dimensional @ Q (0] 0
frequency ! 2 3 4
In vacuum 3.70 | 9.12 2460  28.83
On floating condition 3.65 | 7.04 16.95| 20.65
without  considering
the surface wave
On floating condition| 2.41 | 3.55 11.79| 26.04
considering the surface
wave
Nondimentional Frequency

33 —8-In vacuum

30

23 £

20 — On floating condition

15 without considering

10 / the surface wave

5 =+=0n floating condition

0 considering the

surface wave

Eigenfrequencies of a plate of 1.0 m x 1.0 m x GrOfoating
over water of depth 1.0 m

Table — 2

b/th Ql Qz Qa Q4

0.01 3.57 | 5.95 14.13| 16.96
0.02 3.65 | 7.04 | 16.95| 20.65
0.04 3.67 | 7.77 19.05| 23.55
0.06 3.67 | 7.93 19.71| 24.50
0.08 3.65 | 7.90 19.77| 24.68
0.10 3.60 | 7.78 19.49| 24.46
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Eigenfrequencies for Different Thickness of
Plate
30
25
I A
@ _/ —+—Series]
10 —B—Series?
| i " .
5 i — e Series3
‘ ——Seriesd
] 0.05 0.1 0.15
bty

Eigenfrequencies of a plate of 1.0 m x 1.0 m fdfedent
thicknesses floating over water of depth 1.0m

Table - 3
Depth offl 0] Q 0]
fluid In metre ! 2 3 ¢
1.0 241 3.55 11.79 26.04
1.5 2.53 3.71 12.51 26.07
2.0 2.68 3.89 13.31 26.07
2.5 2.70 3.93 13.45 26.07
3.0 2.68 3.88 13.31 26.07
Eigen Frequencies for Different Depth of Fluid
30
25 e
20
a5 —+—Series]
10 —8—Series?
5 Series3
- —r— :
0 ——Seriesd
0 1 2 3 4
Depth of Fluid(m)

Eigenfrequencies of a plate of 1.0 m x 1.0 m x h@bating
over water for different depth of the fluid.

CONCLUSIONS

The changes in eigenfrequencies due to the presentiee
fluid are studied considering the effect of theface wave of
the reservoir. It is observed that consideratiomhef effect of
the surface wave decreases the frequencies fufthereffect
of the flexural rigidity of the platform is invegtted by
observing the reduction for different thicknessefs the
platform. As observed from Table - 2, reduction tbe
eigenfrequencies decreases with increase in flayilf the

plate. Depth of the fluid domain plays an impottaoie with
eigenfrequencies increasing with the depth of tlud fas
shown in Table — 3.
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