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Abstract. The method developed by the author to derive a set of algebaic equations to solve the interaction of
free-surface waves with a single floating rigid or flexible two-dimensional platform with small draft is extended
to the case that the platform consists of strips with different constant flexural rigidity and mass. The method is
based on the application of Green’s theorem, with a specific choice of the Green function to arrive at a differential-
integral equation along the platform. This equation can be solved exactly by means of superposition of exponential
functions, a standard method to solve a set of linear differential equations. After integration with respect to the
space coordinate the residue theorem leads to both the dispersion relation along each individual strip and an
algebraic equation for the coefficients. Due to very fast convergence with respect to the number of coefficients
taken into account the series are truncated. Depending on the water-depth, in each series three to ten terms are
taken into account. Results are shown for a structure consisting of several strips that are tightly connected and for
disjoint strips. In the latter case the computation of the water level between the strips is also computed. The water
level and the reflection and transmission coefficients are not unknowns in the algebraic equation, but are computed
afterwards by means of Green’s theorem.
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1. Introduction

One of the concepts for future floating airports is the construction of an artificial floating
island consisting of a flexible mat-like structure. One wants to make it as light as possible,
hence very flexible. The deflection of the platform due to incident waves increases if the value
of the flexural rigidity decreases. It is of interest to study the effect of a platform consisting of
a strip of high rigidity attached to an area of low rigidity. We present a method that makes it
possible, in a rather simple way, to study this effect. With this approach it is also possible to
investigate the effect of disjoint strips.

We consider the two-dimensional interaction of a plane wave with a floating flexible plat-
form. The platform consist of several strips and its draft is assumed small. The water depth is
finite. The problem of wave interaction with a single strip has been studied by several authors.
Most approaches are based on the classical method of expanding the velocity potential by
means of eigenfunctions in two separate regions. For the fixed rigid platform with finite draft
Mei and Black [1] published this method in 1969. They solved the remaining equations by
means of a variational approach. For the small-draft case it is shown by Linton [2] that the
algebraic system obtained by this approach can be solved analytically. It is shown by Linton
and Chung [3] that this approach is applicable to solve the semi-infinite flexible plate case,
with waves entering either from the water region or the platform region. They obtain perfect
agreement with results obtained originally, by means of the Wiener-Hopf technique, by Evans
and Davies [4]. Chung and Linton [5] apply their residue technigue to the case of a finite gap
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as well. The approach of Linton becomes more complicated than the one presented here, if it
is applied to the case of multiple strips with different elastic coefficients.

Recently Evans and Porter [6] studied the case of a narrow straight-line crack separating
two semi-infinite thin elastic plates floating on water of finite depth. Their formulation is based
on an expansion in non-orthogonal eigenfunctions. The method is very efficient; however, it
is restricted to the case of plane waves incident at the crack. In our paper we also take into
account strips of limited size with different flexural rigidity and we allow the complete field,
incident travelling and incident evanescent modes, to be present near the connection or crack.
For an overview of recent related work on sea-ice interaction we refer to Evans and Porter [6]
and Squire et al. [7].

In an earlier paper Hermans [8] derived a formulation based on Green’s theorem. In that
paper the solution is obtained by means of two numerical approaches based on a panel method
and the expansion in dry eigenmodes. Meanwhile this method has been applied to a three-
dimensional platform by Guéret [9]. For the deep-water case Hermans [10] has shown that
an approximate solution can be obtained in the two-dimensional case by means of a super-
position of exponential functions. The effect of the continuous spectrum is taken into account
iteratively. Recently Hermans [11] applied the same approach to the single-platform case. In
principle this approach takes care of all the wave modes; however, due to fast convergence the
number of modes taken into account may be truncated after a few terms. This problem can
also be solved by Linton’s analytical approach.

Here we extend our approach to the multi-strip problem. It then becomes clear that our
method is very efficient for solving this problem. At each strip the deflection is written as
a series of exponential functions. Because the physical parameters at each strips are as-
sumed to be constants, the integration in the differential-integral equations with respect to
the x-coordinates can be carried out at each individual strip. Application of Cauchy’s residue
theorem leads to the dispersion relations at the strips and to a set of algebraic equations for
the constant amplitudes. The structure of the algebraic equation is suitable for solving it by
means of a method similar to the one used by Linton; however, we solve the infinite system
of algebraic equations by a truncation method.

We show results for connected and disconnected multiple strips. An advantage of this
approach is that the matrix equation only contains the unknown coefficients at the strips. The
free-surface water-wave heights are computed afterwards by means of Green’s theorem. The
formulation presented is for the case that the incident waves are travelling perpendicular to
the strips. In the appendix of [11] the equations for a strip with waves at oblique angles are
given.

2. Mathematical formulation for the zero-draft platform

In this section we derive the general formulation for the diffraction of waves by a flexible
platform of general geometric shape. The fluid is inviscid and incompressible, so we introduce
the velocity potential V(x, 1) = V®(x, 1), where V (X, 1) is the fluid velocity vector. Hence
d (X, t) is a solution of the Laplace equation

A® =0 in the fluid, )

together with the linearized kinematic condition, ®, = w;,, and dynamic condition, p/p =
—®, — gw, at the mean water surface z = 0, where w(x, y, ) denotes the free-surface
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elevation, and p is the density of the water. The linearized free-surface condition outside the
platform, z = 0 and (x, y) € &, becomes:

32D oD
W%—g—:O. (2)

The platform is assumed to be a thin layer at the mean free-surface z = 0, which seems
to be a good model for a shallow-draft platform. The platform is modelled as an elastic plate
with zero thickness. To describe the deflection w(y, y, ¢), we apply the isotropic thin-plate
theory, which leads to an equation for w of the form

( )8211) 92 N 92 Dx, 3) 92w N 92w ol @)
mx,y)—=—\|-—+-— X, — + — =0,
Y ax2 " 9y2 Y\ oxz T 9y2 Pl=0

where m(x, y) is the mass of unit area of the platform while D (x, y) is its equivalent flexural
rigidity. We differentiate (3) with respect to 7 and use the kinematic and dynamic condition to
arrive at the following equation for @ at z = 0 in the platform area (x, y) € £:

02 92 D(x,y) [ 8? 92 m(x,y) 82 0d  13°d
—+ 3 —+ =)+ —+1t —+-—=0. 4
{(3x2 8y2>< px? (3x2 8y2>) pg 0t? } dz g ar? @
The edges of the platform are free of shear forces and moment. We assume that the flexural
rigidity is constant along the edge and its derivative normal to the edge equals zero. Also, we
assume that the radius of curvature, in the horizontal plane, of the edge is large. Hence, the

edge may be considered to be straight locally. We then have the following boundary conditions
at the edge:

Pw 0w 3w 3w

— — =0and — + (2 — =0, 5

on? Y 052 on3 +(2=v) onds? ®)
where v is Poisson’s ratio, # is in the normal direction, in the horizontal plane, along the edge
and s denotes the arc-length along the edge. At the bottom of the fluid region z = —h we
have:

0P

— =0. (6)

0z

We assume that the velocity potential is a time-harmonic wave function, ®(x, 1) = ¢(x)e'".
We introduce dimensionless coordinates and parameters in the following way:

, X ., h w?L mw? D
X = —, h = —, K = — L=, = 7 .
L L g pg L%pg

In a practical situation the total lengh L of the platform is a few thousand meters. After
dropping the primes we obtain at the free surface

@—m:o (7
9z

and at the plate

32 82 32 82 3(1)
|G+ 52) (P () e e} e 0
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Figure 1. Contour of integration.
The potential of the undisturbed incident wave is given by:
o0 COSh(k, h . .
(0 = & Ko+ 1)) oxptiko(x cosp + y sin ), ©9)

iw cosh(koh)

where ¢, is the wave height in the original coordinate system, « the frequency, while the
wave number kg is the positive real solution of the dispersion relation,

ko tanh(koh) = K, (10)

for finite water depth. We restrict ourselves to the case of normal incidence, § = 0. In [11] it
is shown that the extension to oblique waves can be done easily.

To obtain an integral equation for the deflection w(x, y, 1) = Re [Low(x, y)e~''] of the
platform ([8] and [11]) it is very convenient to apply Green’s theorem, making use of the
Green’s function, §(x; &), that fulfills the free-surface boundary condition (7). Application
of Green’s theorem in the fluid domain leads to the following expression for the potential
function,

- 0
4000 = 4™ (0 + [ (K¢(z> - @) §.x: £)dS. (11)
In the two-dimensional case, (x, z)-plane, the expression for the total potential becomes:
. 0
2md(x, 2) =2nd>'”°(x,z)+ﬁ (K¢(E,0) ¢;E ))9( x,z; §, 0)dE. (12)

At z = ¢ = 0 the two-dimensional Green’s function for finite water depth, obeying the
radiation condition, has the form:

coshkh .
) 0’ 9 0 = — A Ik(x_z)dk 13
§(x.0:5.0) /,@/ ksinhkh — Kcoshkh € (13)

and the three-dimensional version has the form:

o0 kcoshkh
s , O; s s 0 = — -
§(x,y,0:8,n,0) /(; ksinhkh — K coshkh

The contour of integration £ in (13) is given in Figure 1, where kg is defined in (10). The
contour of integration in (14) is the right-hand part of .£’. It is chosen such that the radiation
condition is fulfilled. R is the horizontal distance, so R?> = (x — £)? + (y — 1)

Application of condition (8) for the potential function at the platform leads, in the two-
dimensional case, to the following equation for the defection w(x),

Jo(kR)dk (14)

d2 2
2n{1—u(x)+ i)(x) }w(x)

(15)
d? d?
+K/ §(x,0; &, 0){M(E) 7 PE) =

@ i }w(g)dg = 2melkox
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This equation was derived in [8].

3. Distribution of piecewise constant parameters

We consider a two-dimensional platform consisting of 7 connected strips. The flexural rigidity
and mass are piece-wise constant functions. The coefficients can be written as

D) =D;, pn(x) =wn;, wherel;_, <x <1I;, fori =0,... I (16)

I;_1 is the coordinate of the left edge of the i-th elastic strip and /; is the coordinate of its right
edge. In normalized coordinates /; = 1. In this case the differential-integral equation (15) can
be reduced to a set of algebraic equations for the coefficients of the following expansions.

In each interval we assume that the solution can be expressed as the sum of exponential
functions truncated at N + 2 terms

N+1
wx) = Y (a;,€" T 4 by M0 ®W) for [y < x <. 17)
n=0

If we consider k’s with either real positive values or, if they are complex, with positive
imaginary part, then the first part of expression (17) expresses modes travelling and evanescent
to the right. The second part then describes modes travelling and evanescent to the left. We
have introduced 27 (N + 2) unknown coefficients a; ,,, b; ,, but also 7 (N + 2) unknown k’s. It
will be shown that k; ,, obeys the dispersion relation of the i’s strip:

(D}

i,n

— Wi + 1)Ki,n tanh(Ki,nh) =K. (18)

At the edges x = 0 and x = 1 of the platform we have zero bending moment and force, while
at the connection points x = I; we have continuity of the deflection and of its first derivative
while the bending moment and force are continuous as well. The last two conditions result
in continuity of Hw"” and Hw’”. One may also choose other constructions for the connection
of the strips. In the case that the strips are free to move with respect to each other we have
zero shear force and bending moment at both edges. It is also possible to leave a gap between
the strips. All these problems lead to 47 relations between the coeficients of the expansions.
In the next section we will derive the dispersion relation to determine the k’s and 2/ N linear
equations for the expansion coefficients. The integral in the expression for the deflection (15)
consists of 7 integrals, so it is convenient to study one of them first. We consider the integral
over the ith interval
l; d2 2
=K | §(x080 {u(i) #7205
for 0 < x < L. This means that we study one strip first and its infuence on the other strips.
We distinguish three cases, x < [;_1,l;_1 < x < [; and x > [;. The second case gives,
besides a contribution to the matrix equation, the dispersion relation. The two other cases lead
to contributions to the matrix equation only.

} w(E)d, (19)
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3.1. DISPERSION RELATIONS AND MATRIX EQUATION

We insert the expression for the Green’s function (13) in (19) and change the order of integra-
tion to obtain the following expression

coshkhelt* b d* "
_ ik
=k /x ksinhkh — Kcoshkh {/,1 {”" N i)d_z‘*} w(Ee™ dg} dk, (20)

In accordance with (17) the deflection w(g) consists of waves travelling to the right and
evanescent modes generated at x = /;_; and waves travelling to the left and evanescent modes
generated at x = /;. It is sufficient to consider just one term from (17) and to sum the result
with respect to ‘n’ at the end of the calculations.

The index ‘n’ is omitted in this subsection. Hence we insert

w(E) = aieiKi(E—h—D + bieiKi(E—h)’ (21)

where the k;’s have positive real values or positive imaginary parts. We insert this expression
for w(g) in (20) and carry out the integration with respect to & to obtain the following integrals
in the complex k-plane,

K coshkh eikGe—li—1) _ giki(li=li-1) gik(x—1;)
li=—{wi — °(Di|<l4}ai/ .
i ¢ ksinhkh — Kcoshkh K — k

K coshkh pike—li) _ ki (li=li1) @ik(x—i—1)
—{wi — oroiK?}bi/ - dk. (22)
i ¢ ksinhkh — Kcoshkh ki + k

}dk+

One should realize that the values of k; still have to be chosen. We prefer to close the
contours of integration in the complex plane and to apply the Cauchy residue theorem.

We first consider the cases x < [;_1 and x > I;. Here the Cauchy residue theorem can be
applied directly. The Jordan lemma is valid for both integrals, either by closing the contour
in the lower half-plane or the upper half-plane; see Figure 2. Because the expressions in { }
in both integrals in (22) are not singular, it is clear that the only poles are the zeros of the
dispersion relation for the water free surface, ktanh(kh) = K. This dispersion relation has
two real zeros k = +kq and infinitely many imaginary zeros k = +k; = %iv;. Depending on
the position of x, we obtain different results for the integrals in (22).

— For x < I;_; both integrals are closed in the lower half-plane; see Figure 2. The contri-
butions of the poles —k; for j =0,1,..., N — lare

N-1 ik: . ik (1 —1; ik: .
k4 e_lk] (x=li—1) _ emt.n (Ui _ll—l)e_lkj (x=1;)
2nK i c"O,'K{1 Ain J +
w z,n} ' Zkzh—l-K—th( Ki,n_kj )
j=0 "J
N-1 —ik; (x—1;) iicj p(li—li—1) a—ik; (x—1;_1) (23)
2 4 }b Z k] (e j i) — @lkinli i—1 e J i—-1 )
nK{w; — Dik;,}bin .
th " S kh+ K — K2h Kin +k;
They consist of one wave travelling to the left and N — 1 evanescent modes generated at
X = ll'_]_.
— For x > [; both contours are closed in the upper half-plane, see Figure 2, so we get
N-1 ik i (1 ik .
k. elkj (x—=li—1) _ e'Kt,n (@ _li—l)elkj (x=1;)
2nK{w; —:O,'K4 a; ] ( )—I—
w i Zkzh—kK—th Kin —k;j
j=0 "J
A N1 k; pikj(c—li—1) _ gikin(li=li-1) gikj (x—li-1) 24)
2nK i _"(OiKin bin .
tw atbi §k§h+1<—1<2h< Kin +kj )



Interaction of waves with flexible strips 139

'
I
1—1Vq .
\ . 14
" —K; I \) /
N ° /,C_
| —iV3 7R

Figure 2. Closure of the contour of integration.

Here we have a wave travelling to the right and evanescent modes generated at x = /;
Next we consider the case /;_; < x < ;. In this case the Cauchy residue theorem cannot be
applied directly to the two integrals in (22) because the Jordan lemma is not valid for them.
In order to apply the residue theorem, each integral in (22) is divided into two parts. In this
way we arrive at four integrals, each of them having poles at the zeros of the water dispersion
relation k = %ko, k = *iv;.

Moreover, the first and second integrals have poles at &k = «; and the third and fourth
integrals one at k = ;. The four new integrals have more poles than the two original integrals;
however, the new integrals are suitable for their analytical evaluations by means of the residue
theorem. The integrals are rather similar to each other, which is why the calculations of the
first one are only discussed here. The value of the integral

/ coshkh ik —li-1)
Iy = -
¢ ksinhkh — K coshkh k; — k

depends on the sign of the imaginary part of «; and of the sign of x — [;_;. We have chosen
the imaginary part of «; to be positive, because of the choice of physical modes in (17). It
is clear that for x — /;_; > 0 this integral can be closed in the upper half-plane. We obtain
contributions of the zeros of the water dispersion relation and of £ = ;.

We first consider the contribution of the poles k = k; to Equation (15). Comparing the
coefficients of the exponential term e'*~%-1 e obtain the desired dispersion relation of
the plate (18). The third integral also has to be closed in the upper half-plane. Here we only
get contributions of the zeros of the water dispersion relation. The second integral can be
closed in the lower half-plane. This also leads to contributions of the zeros of the water
dispersion relation only, while the closure of the fourth integral in the lower half-plane leads
to a contribution of k = —«; and the ones of the water dispersion relation. In combination
with (15) again the desired dispersion relation at the plate (18) is obtained.

From now on the values of k; are known (can be computed). The wetted-plate dispersion
relation (18) for the i-th strip has two real zeros k; = +k; o, four complex zeros k; = +x;; =
+(0;141ipi1), ki = £K; 2 = £(—0;1+1p; 1) and infinitely many imaginary zeros k; = +x; , =

dk (25)
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Figure 3. Zeros of the dispersion relation of the i-th wetted strip.

+ip;, forn = 3, 4, ...; see Figure 3. As explained before, we choose the values along the

positive real axis and in the upper half-plane. Hence we take k; = «; , forn = 0,1, ..., N+1.

— Collecting the contributions of the residues of the zeros of the water dispersion relation,
we obtain for/,_; < x < [;

N—l H . . T . . i . i
k‘ elk_/(x_lz—l) eth,n(lt_lzfl)e_lkj(x_l’)
2nK{w; — Dt Yai, ’ o +
" ol gkimK—K%(m—k' Kin +kj )
. N-1 k: eikj(x—=li1)  gikin(i—li-1) @ik (x—i-1) (%)
2K {n; — Dk bi n ’ a
{n z,n} Z kzh + K — K24 ( — k Kin +kj )

These contributions consist of waves travelling to the left and right, together with evan-
escent contributions generated at both sides of the interval.
We now consider the consequences of the contributions to the modes '/ *~%i-1) and
e kit—li-D for j =0, 1, 2, ..., for all the strips in the integral in Equation (15). The forcing at
the right-hand side of (15) consists of one wave eo* travelling to the right. Hence, collecting
all the contributions, we obtain an algebraic set of 7 x N equations for the modes travelling
and evanescent to the right-hand side. For j =0, ..., N — 1 we have

N+l . ) o
Z(Ml — Dik1 ) G _ i@t koh+ K- K hBQ, (27)
n=0 " Kin — kj K1n + kj kOK J

and form = 2, ..., I together with j =0, N — 1

N+1m—1 . p—ikjli-1 _ enc,n(l —li—1) g—ikjl;
D) (i — Dit,) {ain T
Kin — j

n=0i=l ikil (li—li—1) a—ik;l;
eljl_eIKtn tlel zl)
b < T (29)
Kin +k;
NZ_HL( ) a,, ne_ikjlm—l b e'Kmn(lm_lm l)e |k/lm 1 kéh + K — th
p‘m m m,n Km,n _ kJ Km’n + k] kOK ],

n=0
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Figure 4. Deflection for A = 150, 90, 300 m. (top-down).

where 8° is the Kronecker delta function.
The modes travelling and evanescent to the left also give us 7 x N equations. Starting with
the strip at the far end of the platform, we getfor j =0,..., N —1

N+1 i) o (L—1j_1)
_al, e Ln -1 BI.
> = Dk, [ . + " =0 (29)
0 K7n +kj Kl’n—k]
and form =1, ..., I — 1together with j =0,..., N —1
N+l T ikjl;_ ik (i—li_1) ikl
elkjti-1 — @lkinl tlejl)
S Y (- D) {( - )+
n=0 = ikl Kl’n (l lJ )ikl
el jli elKi,n i—li-1 el j i—l)
b ( )} " (30)
Ki’/?l_ kj
- 4 _am,neiKm’n(lm_lmfl)el s bm,neikjlm
Z(pvm - i)me’n) =0.
=0 Km,n + kj Km,n - kj

Combined with four boundary conditions at the outer edges and 4(/ — 1) matching con-
ditions we have 21 (N + 2) equations for the 27 (N + 2) coefficients. The infinite system
of algebraic equation is solved by truncation. The matrix is organised in such a way that
the maximum elements are on its diagonal and that they can be made of the same order of
magnitude. The amplitudes of the matrix elements decay exponentially with the distance from
the main diagonal (in the case of finite water depth!). The system may be solved by an iteration
method. However, the method developed is designed in such a way that the final system of
equations for the coefficients a;, and b;, is ‘very well organised’ and its solution can be
obtained accurately by most methods.

3.2. REFLECTION AND TRANSMISSION COEFFICIENTS

The reflection and transmission coefficients follow from the expression of ¢(x,0) as given in
(12) and the definition of wave-height. In the far field the dimensionless free-surface elevation,
with the notation ¢(x) = w(x), becomes
. d2 d2
2mg(x) = 2me™or + Kf G(x,0;€,0) {@‘D(g)d_g? - M(E)} w(§)dE. (31)
P

We insert the Green’s function and notice that the poles k = £k lead to the transmission

and reflection coefficient, respectively. The evanescent modes are damped out in the far field.
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Figure 5. Deflection for A =90 m, D1L4 = 1010 and D, L4 = 107,

The transmission coefficient becomes
N+1 1

koK
T=1+4+———— Dikt
R+ K — th;;( in = W0
gikoli—1 _ gikin(li—li-1)gikoli gikoli _ aikin(li=li-1)pikoli—1
a;n + bi n . (32)
1 Kin — kO ' Ki.n + kO
In a similar way we obtain the reflection coefficient
K N+1 1
—_— D; K
gikoli-1 _ eiKi,n(li—li—l)eikOli gikoli _ gikin(li—li—1)aikoli—1
Ain + bi n . (33)
' Kin + kO ’ Kin — kO

3.3. NUMERICAL RESULTS

First we apply the new formulation to a single-strip problem, for which results were presented
in [11]. The mass, per unit length, of the platform is kept constant in the next examples. In
Figure 4 we show results for one strip with deep-water wavelength A = 2x/K = 30, 90,
150 m, DL* = 107 and strip length L = 300, 1000 m, respectively. In all examples water
depth 4 = 10 m. Comparison with [11] shows that the results are the same. The two actually
solve the same problem.

We next consider the case that the platform consists of two connected strips. The total
length is varied and the wavelength is fixed. We choose L = 300, 1000 m and A = 90 m.
The lengths of the strips are varied. We consider /;/L = L, = 30, 90, 300 m for the short
one and L; = 100, 200, 300 m for the long one. The flexural rigidities OD;L* = 10 and
D,L* = 107 are chosen. The results are shown in Figure 5. If one compares Figure 4b and
Figure 5b, one notices that for the case of a small value of L, a slight overall reduction of
the deflection is obtained, except near x = 0 where the deflection increases. Recently this has
also been observed by Eatock Taylor [14].

In Figure 6 results are shown for a platform consisting of three strips. We take at the two
ends a strip with length L; 3 = 100, 200, 300 m and the same high value of the elastic rigidity.

The reflection and transmission coefficients are easily computed using (32) and (33). The
Figures 7 show the reflection and transmission coefficients for platforms with total length
L = 300 m. In Figure 7a the result is presented for the single strip with D L* = 107, Figure 7b
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Figure 6. Deflection for D1 L4 = 1010, 9,14 = 107 and D314 = 1010,
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Figure 7. Reflection (—) and transmission (- - -) coefficients for a platform of L =300 m, L1 3 = 90 m).

shows the result for two strips with L; = 90 m, £, ,L* = 10*®7 and in Figure 7c we have
L1,3 =90 m and @1,2’3L4 = 1010.7.10,

In Figure 8 we show results for three configurations with total length L = 1000 m and
L1 3 = 200 m. The results indicate that the best results for the deflection are obtained in the
situation of two strips.

4. Digoint strips

In this section we consider the case of two strips separated by a channel of water. For this
situation the formulation does not differ much from the connected case, except that in the
equation for the deflection (15) and the free-surface elevation outside the strips (31) the path
of integration & consists of the two separated strips. The strips are force- and moment-free at
the ends. Strip number one is extended, in dimensionless coordinates, fromx = 0tox = [;
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Figure 8. Reflection (—) and transmission (- - -) coefficients for a platform of L = 1000 m, L1 3 = 200 m.
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Figure 9. Deflection for disconnected strips for A = 150, 90, 30 m (top-down) and DL* = 107.
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Figure 10. Amplitude of the platform deflection and of the waterelevation in the channel for A = 150, 90, 30 m
and DL = 10,

and the second x = I, to x = 1. The wave elevation in the channel now becomes
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First we show some results for the situation where two strips of equal length, are positioned
such that the width of the water channel equals zero. In Figure 9 the results are given for
L = 600, 2000 m and three values of the deep-water wavelength A = 30, 90, 150 m. Clearly
the elevations at the free ends are discontinuous.

In Figure 10 the results for the amplitude of the deflection are shown for a channel between
the plates. The width of the channel is 20% of L. In the gap the amplitude of wave-height is
shown. The results converge very fast for increasing value of N.

We see that in some cases the amplitude of the wave elevation in the gap becomes large.
This is due to resonance of the wave in the gap. This becomes more obvious if we vary the-size
in the gap as can be seen in Figure 11 in the case of two strips with length 300 m, A = 30 m
and three values of the width of the gap 40, 48 and 55 m and for A = 90 m and three values
of the width of the gap 30, 40 and 50 m. It is clear that for certain frequencies resonance of
the wave in the gap occurs. For A = 30 m we notice resonance among others for a spacing
between the strips of about 48 m, while for A = 90 we have a peak at a spacing of about
40 m. In the case of two semi-infinite plates with a gap in between, Linton [3] also reported



Interaction of waves with flexible strips 145

“1x/L

— ¥/L

a.gap .40, ___48, ... 55mand b. gap — 30, . __40, ... 50mand c. same as b. with waterdepth
A=30m A=90m h =100 m instead of A= 10m

Figure11. Amplitude of the wave elevation in the gap between two strips of equal length 300 m with DL* = 107 .
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Figure12.  ©D1L% = D14 =107, --- D1L* = 107 and D,L4 = 1010, ... D114 = 1019 and D, L4 = 107.

resonance. Until now in all cases the value of the water depth was fixed at # = 10 m. In
Figure 11c we show the effect of water depth in the same situation as in Figure 11a but with
h = 100 m. One must realize that although the deep water wave length has been kept constant
at 90 m, the wave length has been changed due to the change in depth. This can also be seen
in the shift of the resonance peek. A further increase of the water depth does not change the
picture visibly.

Next we choose one configuration and one wave-length to show (Figure 12) the infuence of
different values of the rigidity parameter of the first strip or the second strip. We show results
for the deep-water wave length A = 90 m, the length of the strips 300 m and the width of the
gap 40 m. Compared with the case of equal strips the amplitude of the waves is reduced if the
forward strip is more rigid than the second one and higher if they are reversed.

5. Conclusions and discussion

The computations shown in this paper indicate that the deflection of a flexible platform con-
sisting of several strips with different constant physical coefficients can be described by means
of the superposition of a finite number of travelling and evanescent modes. It turns out that
for the water depth of 10 m and plate length of 300 m and more it is sufficient to take three
modes at the plate into account. This means that in the water region all evanescent modes may
be neglected. If the water depth becomes larger, truncation after more terms is necessary. Our
experience is that in most cases ten terms are sufficient. Due to the structure of the coefficients
of the matrix equation, one can take as many strips as one wants. In principe, the analytic
approach of Linton [2] may be applied. We leave this as an exercise, because it will not
improve the final result.
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In all the computations for the reflection and transmission coefficients energy is conserved
up to at least seven decimals. The only test of accuracy carried out is a convergence test. No
comparison with results obtained independently in the past could be made. In the case of the
single-strip case it was shown in [12] that the results presented by Takagi [13] are very close
to each other. For the multiple-strip case no such comparison could be made because we are
not aware of results by other authors that are suitable for comparison.

Results of the disjoint strips show that the level of the free surface between the strips may
become very large. This resonant behaviour is also reported in [5]. In principle, other boundary
conditions at the connection of the edges of the strips may be considered. We reported results
for the tightly connected and free edges. Other situations only give rise to small changes in
the matrix equations. Only the equations due to the boundary conditions have to be changed.
Because all these changes do not alter the major part of the equations, the computer program
is easily adapted.

There still remains the question about the physical relevance of the solutions obtained here.
The incident wave hits a plate of zero thickness. The solution obtained here is the one that
obeys the Kantenbedingung. Physically this means that the edges of the strips do not absorb
or generate wave energy. Mathematically this means that only weak singularities are allowed.
This is precisely the class of solutions that can be obtained by the expansions described here.
Also the fact that the horizontal wave-drift force acting on the platform can be expressed
directly in terms of the refuction coefficient (see [11]) gives some insight in the problem
actually solved. A direct pressure integration along the platform gives a zero mean force in a
horizontal direction. This seems to contradict the nonzero wave-drift force originating from
the energy conservation used to derive the relation with the reflection coefficient. Taking into
account the jump in surface elevation at the edge leads, as Gueéret [9] has shown, to a good
description of the wave-drift force. The physical interpretation of this result is that we have
solved the limiting case (draft small) of the diffraction of waves by a platform with vertical
extension above the free surface with no waves splashing over the deck and completely wetted
bottom. The numerical study by Greco, Landrini and Faltinsen [15], where both slamming and
green water are taken into account, indicates that in that situation the physical phenomenon is
much more complicated than the one covered in this paper.
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