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SUMMARY

The dynamic response analysis of large floating structures requires appropriate accoun-
ting of the interaction effects of the surrounding fluid medium. This is generally done,
as in the study of ship motions, by the inclusion of added mass and hydrodynamic damp-
ing in the analysis. Many large floating structures, e.g., floating nuclear plants, are en-
closed in protective basins, and therefore the major energy dissipation mechanism in the
fluid—wave damping—can be conservatively assumed to be absent. The added mass of
such structures will thus exhibit a strong dependence on the oscillation frequency of the
structure, becoming theoretically inifinite at certain frequencies due to the basin resonance
effect. The use of the traditional constant added mass approach for the response analysis
of the structure under transient force time histories may, in such cases, lead to large errors.
For the same reason, a frequency domain analysis of the structure response, in which the
frequency dependence of the added mass is directly incorporated in the model, is also not
desirable, since the appropriate accounting of the added mass near the basin resonant fre-
quencies may lead to numerical difficulties.

To circumvent these difficulties in the constant added mass approach and in the fre-
quency domain analysis method, a time domain analysis of the fluid-structure finite ele-
ment model of the basin provides an answer. However, the size of the basin to be modeled
in such an analysis procedure may render the model computationally inefficient, especially
if the model is to be repetitively used for response analysis under different force time hist-
ories.

This paper presents an alternative approach, wherein limited information on the added
mass behavior of the structure is used to synthesize a considerably smaller equivalent time
domain'model of the structure and the surrounding fluid. Though the construction of this
equivalent model is pureély mathematical, being defined by stiffness and mass matrices
which may not be directly related to the fluid-structure system, it can, however, be phy-
sically interpreted as a multi-degree spring-mass system coupled to the floating structure.
The model construction is based on the fulfillment of the requirement that the floating
structure response under a harmonic excitation in the equivalent model be the same as
that implied by its added mass. The model is simple to construct and is insignificantly
small in size when compared to a fluid-structure finite element model of the basin.

An example of a two dimensional model of a floating structure under a time history
of forces generated by a passing tornado is presented for illustrating the use and the ap-
plicability of the method. The behavior of the floating structure in the equivalent model
is compared to that predicted by a fluid-structure finite element model of the basin. Ex-
cellent agreement in the results is obtained. A comparison of the computation times for
the example problem shows that the equivalent model approach cost (inclusive of the cost
of added mass determination) is considerably less than the fluid-structure finite element
analysis. The model is thus shown to be accurate and computationally efficient.



1, Introduction

Recent years have seen increasing use of finite element methods
in the solution of fluid-structure interaction problems. Their decisive
advantage over the potential funotion methods lies in the ease with
which complex geometries and different material properties can be model-
ed, These methods are particularly suited to the problems in which fluid
domains are of finite extent, An example of such a problem would be the
response analysis of a floating nuclear plant (FNP) in a shallow basin
bounded by a protective breakwater structure. The size of the problem,
measured by the computational effort needed to solve it, may, however,
be an inhibiting factor in the use of these methods. Simplifications
with minimum loss of ecouracy are, therefore, highly desirable,

One puoh simplification is the subject of this paper. The method
proposed in this paper uses the frequency response ocharacteristice of
the fluid-etructure system, derived from a finite element model, to es-
tablish a simpler equivalent model which can be analyzed in the time
domain, Inspite of the use of the finite element model in obtaining the
frequency response characteristios of the system, the method is compu-
tationally superior to a time domain finite element analysis, especially
if the model 1s 1o be used repeatedly for different excitation cases.

The various oomponents of the time history analysis process in

the equivalent model approach are

1) construction of a finite element model of the fluld-struoture
system
ii) obtaining frequency response functions for the struoture,i.e.,
ita frequency dependent added mass
ii1) synthesis of an equivalent fluid-structure medel from the
knowledge of structure added mass
iv) time domain analysis of the equivalent model

The example of a floating nuclear plant (FNP) will be used to
1llustrate the verious stepe. This, in no way, implies limited appli-
cations of the method.

2, Finite Element Modeling

In Pig., 1 is shown a two dimensional representation of an FNP
snd the purrounding fluid medium, The FNP is moored by mooring strut
BC to the mooring ceisson, A mathematiecal model of the FNP and the
dasin was constructed using finite element representation of the fluid
and the floating structure, The FNP is modeled as a rigid structure
beasuse of the long oseillation periods assoclated with ite motion,
The 3 degrees of freedom of the rigid FNP are located at a point A
on the FNP which lies on the intersection of the waterline and the
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vertical through the ocenter of gravity G of the FNP, Fer seismic res-
ponse analysis, the added mass charaoteristios of the basin boundary
will also be needed in synthesizing the equivalent model; therefore

2 degrees of freedom assoeiated with horizontal and vertical ground
motion have been assigned to an arbitrarily selected point D on the
basin boundary which is assumed rigid,

The fluid-solid boundary is appropriately modeled to allow
free sliding of the fluid on the boundary. Buoyaney effecis are inecor-
porated in the model by conneeting springs of appropriate stiffnesses
between the FNP and the rigid basin floor. The free surface condition
is also modeled by springs which provide resistance to the vertical
movement of particles on the free surface, The stiffness of theme
eprings is derived as follows.

The linearized dynamic boundary eondition for smell amplitude
waves on the free surface can be written as

? YN (1)

where p 1s the pressure at a point and 7 is the displacement of a
partiele at the same point on the undisturbed free surface, and ¥ is
the weight deneity of the fluid. Thus, if the free surface eondition
were modeled by uniformly distributed eprings on the free surface, their
stiffness per unit length of the free surface would be . In a finite
element analyeis the springs would be provided at the nodes on the free
esurface and their stiffness would be the product of ¥ and an appropriate
tributory area,

The epacing of the surface springs is controlled by the signi-
ficent wave of the shortest wave length and as suoch ig independent of
the refinement in the fluid finite element.

%+ Frequency Dependent Added Mass

The finite element model thus constructed is employed to obtain
the frequency response funetions for the 3 degrees of freedom for the
FNP, If the system 1s also to be analyzed for seismio excitatiom, fre-
quency response functions for the 2 degrees of freedom of the rigid
basin boundary are also obtained., The frequency response funetions are
defined by the following equation

{r} = [%*]{a} (2)

in vhich {P} 1is the vector of amplitudes of harmonic forces applied
to the FNP and the basin boundary and consists of 5 elements; {l} is
the veotor of resulting harmonio acceleration amplitudes; and matrix
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[Ha] is & 5x5 matrix of frequency response functions dependent upon the
oscillation frequency p. In general an element n: of thiis matriz
is complex and represents the harmonie force amplitude at the ith deg-

ree of freedom when the harmonic acceleration amplitude at the Jth

degree of freedom is unity and zero elsewhere, Its real component
represents the compenent of force in phase with acceleration amd is
called added mass. As a result of the free surface comdition given by
eq. (1) the added mass is frequency dependent.

For a fluid-siructure system of finite extent, the predominant
source of energy dissipation mechanism, i.e., wave radiation, is absent.
Damping in the system, therefore, may be neglected. In sush cases [n‘]
will have only real components,

A typical frequency dependent added mass ourve, which relates
the horigontal force on the FNP to its horizontal acceleration is shown
in Fig. 2. Note that the added masses can be theoretically inifinite at
sone frequencies. Thim is due to the assumption of zero damping in the
system, It is not diffiocult to show that the frequencies Py a% which the
added mass becomes inifinitely large are the natural frequencies of the
FNP-basin system with the PNP and the basin boundaries held fixed,

4. Equivalent Fluid~Strueture Model

Once [Ma] is known as a function of frequenecy, an equivalent
model can be eomstructed for the syestem, The requirement for the eonsg~
truction of this model is that the corresponding frequency response
functions for the model closely approximate those given by [Ma] over
the frequency range of interest. If this frequency range of interest
ie the frequency interval (0,pn), then it ean be shown that the equi-
valent system can be described mathematically by the stiffness metrix
[K] and the maes matrix [M], where [K] and [M] eare of size n+5 x
n+5 and ave given by the following expressions (see Kaul [1] )

k] = (3)

[x] (4)

in which [S] is any arbitrary non-singular n x n matrix, [U] is an
n x n diagonal matrix whose elements are the terms pf, (L =1,2,..,n),
and [K?] ’ [MP] and [H] are obtained as the solutions of the following
matrix equation
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] = [x°] - (179%) [x°]
+ A% [E]T[v -9 7' [x] (5)

The degrees of freedom associated with the matrices [Ko] and [Ho are
the 3 FNP and the 2 basin boundary degrees of freedom, The remaining
n degrees of freedom in natrlooa [K] and [M] represent, in an indi-
reot way, the surrounding fluid medium. For the FNP-basin exemple con-
sidered here, m was chosen to be 8. This was proved to be sufficient
for ebtaining the FNP response accurately by a subsequent time history
response analysis.

The set of equations given by eq. (5) may be molved for each
ijth component by least equare fitting. To obtain a fairly accurate
deseription of the model it 1is essentiel that the natural frequencies
Py are eetimated reasonably well. This may be done by obtaining fre-
quency response functions from the finite element model at relatively
more points in the vicinity of these frequencies or by a suitable

determinant search technique in the eigenvalue algorithm,

5. Time History Analysis for Structure Response

For forces acting on the struoture or for seismic excitation
or & combination of both, the equations of motion for the equivalent
system can now be written as

° s [(x ™ o | (%
B -]
+ - - (6)
st sTw g/l *r o sts|!l%s 0

in which x and X are the displacements and the accelerations referred
to a stationary reference frame., Subsoript s refers to the FNP and the
basin boundary and subscript f refers to the "fluid", Vector {F} ie
the vector of force time histories applied to the FNP and the baein
boundary.

Equation (6) may be simplified by eliminating the degrees of
freedom associated with the basin boundery and reéwriting the remaining
equations with the displacements and accelerations relative to the
basin boundary as unknowne

6, Respults and Conclusions

The model shown in Fig, 1 and the equivalent fluid-structure
model were analyzed for the tornado generated forces acting on the
FNP at point G, The time histories of the three in~-plane components
of these forces are shown in Fig., 3. The FNP response quantities
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obtained from the two analyses were practically indistinguishable.,
Time history of the reaponse for the horizontal FNP displacement is
shown in Fig. 4.

A separate analyeis was perfermed for horizontal seismic
excitation of the basin boundary. In this ease too comparison of
response time histories obtained from the two models showed exoellent
agreement.

A comparison of sost shows the equivalent model approach to be
superior to the finite element analysis. A very large portion of the
analysis cost for the equivalent medel oomem from added mass determi-
nation, which is much less than the cost of ome time history anslysis
on the finite element model, Repetitive use of the model results in
much larger savings in computation time.
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Figure 1 Two Dimensional Model of a Flocating Nuelear Plant
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Figure 4 FNP Displacement Response in Sway



