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WAVE COHERENCE ALONG CONTINUCUS STRUCTURES FOR DIRECTIONAL
SPECTRA MODELS

1. INTRODUCTION

An important factor in the dynamic analysis of flecating
structures, especially long ones, is the wave correlation along
the structure. This wave correlation depends upon the wave
energy distribution in the sea state. Once a mathematical
model of the sea state 1s developed the longitudinal wave
correlation can be calculated. The inverse problem is to
determine an appropriate measure of the sea state from measure-

itudinal correlation. For the mathematical model

used. Unfortunately there is not enough information in the
literature to be able to tailor a directicnal wave model to a
region and from that determine the wave correlation along the
structure. Here a program for correlating wave data, wave
correlation along a long structure and directional wave mode
is presented. Different models of wave energy spreading fu
tions have been chosen, and a computer program WAVCOHR has b
developed to compute the wave correlation and tc fit an
exponential approximation to this correlation. Some conclusions
have been drawn for appropriate wave spreading functions, using

wave measurements at csrtain regions.

2. DIRECTICNAL SPECTRA MODELS

The directiocnal wave spectrum is assumed of the form:
S(f,8) = Sw(f).W(B) (2.1
where Sw(f) is one of the unidirectional spectrum models:
a. Pilerson-Moskowitz:
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. b
o 8B awp [-2(E0y” 54
Sw(f) = {57yFFS eXP { L+(fs) 1 (2.2.a)
b. JONSWAP:
(f-f )7
ago? 5, f § exp [- ----=--1 (2.2.b)
5,05 = gayves o L)) My 20757

and ¥Y(8) is

a ing function [1], [8], [10], giving =a
directional dist
d

d ]

ribution of the wave energy. The following

commonly used expressions for spreading functions have been
+

incorpora

¥,(8) = Ccos® (8-8,) (2.3.2)
¢,(8) = Ccos?® (§%§3> (2.3.0)
Y,(68) = Cexp [s cos (8-84)] (2.3.c)

In the above expressions 8; represents the mean wave or

al : -

wind direction , and C is a normalizing constant determined

such that:
[EO‘FTT/Z
ig = 1 (2.4)
Jéc—ﬂ/zW(a]d
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3
3. WAVE COHERENCE ALONG A STRAIGHT LINE
A X
]
i
£ > = = 1 -
A B Z
Figure 3.1 Geometrical Definitions
Ter a co-ordinate system of Figure 3.1 the sea state at a
point (¥,Z) can be represented:
2. .
n(x,2,t) =
'-T+ag
i . : t
i© 1[k¥X cos 8 + kZ sin 8 -wt + ¢(w,d .
jujj S (w,8) e [ z N s ACH )]da duw
- Y T+B g
- (3.1)
where ¢(w,8) 1z & random angle between 0 and 2m, and €4 is the
mean wind directicn Ihe cross-spectral density between
ﬁ(XA,LAJL} and n(XB,ZB;t} will be:
il
—+€‘-3
, . .
- A i{k(¥ -¥_.) cos 8 + k(Z, -7 sin 8
S oy (w) S (w,8) e (X, —%g (Z,-2p) lag
w(AB) T . W
_~tT0
(3.2)
and for points on the bridge axis (X=0), the above relation
becomes:
E+80
2 . -
- A ik(Z,-2,) sin 8
S _¢any(w) = S (w,8) e AT®BY S0 Yae =
w(AB) v
';T\
-=+8,
™
_+eo
O R on(82) sin e (3.3)
= : i2w(<z=) sin € 3.3
o Twle,8) e TR 48
“‘;+eg
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4
The coherence function for the wave field between points
A and B is:
g ! 3y
S (an) (@] 1S(ap)y (W)
Yu(aB) = - -
S (w)S , ooy (W 3
-V w(aA) Y 7w (BB) w) wilw)
(3.u)
T ar g g ( = y n a umed i y = o f
where v(AA)CU) uWCBB)(M) = Sw(m) has been assumed and w = 2nf

Representing the wave spectrum by Eq. 2.1 we get the co-

herence between two points at distance AZ on the bridge:

B

. ATy .
E“Z’Gg E-ﬁ-aa
AZ . . ' ) 2
-3 [ j ¥(8)cos (Zﬁii*)s;na) ds]%4 [j‘ Y{8)sin (2?(%§)51n8)d8]‘
j+€|0 _”‘_.T_‘.eﬂ
2 2
(3.5)
ng (3.5) for the

i )
es 3.2, 3.3, 3.
a

spreading functions (2.3.a, b, ¢) Figu 4 are
obtained. For some applications [4,7] the wave coherence can
be approximated with (3.8).
B
7 _m(ég
YwtrT T OF A (3.8)

Curves of this form are shown in Fig. 3.5.
A least square fitting of curves of the above type to the

o
curves of Eg. 2.5 give results for o and 2 coefficients shown in

Tables 3.1, 3.2, 3.3 for the different kinds of spreading
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TABLE 3.1
l 3,2 0° 200 Lo ° 50° ag®
S= 2.00 o 4.41 1.42 .90 .53 .29
‘ 8 1.8% 1.22 1.18 1.21 1.Lu
‘ s= 4,00 o %.19 1.49 .87  .uu 17
2.08 1.48 1.35 1.37 1.57
s= 5.00 « 2.96 1.88 .82 .38 .11
B8 2.06 1.77 1.50 1.4% 1.65
s= 8.00 & 2.30 1.80 .78 .34 07
B 2.07 1.%1 1.81 1.57 1.71
| S=10.00 @ 1.85  1.%4u 7O .31 .05
‘ 8 2.05 1.96 1.89 1.54 1.78
I
| $=12.00 « 1.56 1.27 .84 .28  .qu
J 3 2.0L 1.99 1.74% 1.70 1.79
’: [
l
| S=16.00 o 1.35 1.13 .62 .25 .03
B 2.03 2.00 1.82 1.74 1.81
| $215.00 o 1.19 1.01 .57 .24 .03
2 2.03 2.00 1.87 1,78 1.82 i
Table 3.1. Results for o, 8 coefficients fitting exponential
curves of the form (2.8) to curves of fig 3.2 spreading funct
¥1(8) = Ccos™ (8-8,4)

[EEY
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€=z 5.00 « 5.896 1.L5 .90 .51 .27
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| .
§= 8.00 « .63 1.47 .88 46 .20
B 2.07 1.3%9 1.29 1.32 1.u7

5=10.00 « 3.78 1.586 .87 .43 .18
8 2.086 1.55 1.38 1.39 1.52

an
|_L
~1
(98]
(e8]
-

-
(]
=
(o8]

(o8]
2
(ST ]
an
[N
-1
[#p]
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=
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'_‘.
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w
,_l
o
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§=18.00 « 2.81 1.31 .81 .37 10
2.07 1.86 1.52 1.30 1.81
$=16.00 o 2.45 1.7 7 .35 )9
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Table 3.2. Fesults for o, 8 .coefficient
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curves of the form (3.8) to curves of Tig 2.3
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TABLE 3.3

8= 0° 20°  w0®  e0®  gaf

Sz 2.00 o 9.02 1.37 .93 .52 .43

g 2.12 1.07 1.08 1.11 1.28

5= u4.00 5.34  1.47 .90 .49 25
g 2.09 1.32 1.29 1.27 1.3

S= 6.00 o 3.50 1.80 .86 .42 15

B 2.05 1.61 1.4l 1.40 1.ug9

s= 8§.00 « 2.5% 1.95 80 .37 .10

B 2.05 1.95 1.55 1.51 1.58

$=10.00 o 2.04 1.87 75 33 .07

g 2.03 1.98 1.64% 1.58 1.85

§=12.00 o 1.88 1.41 .68 .30 .05

8 2.02 1.99 1.72 1.865 1.71

s=14.00 o 1.4 1.22 66 7 .0u

B 2.02 1.9¢ 1.81 1.70 1.7u

s=16.00 o 1.25 1.07 .62 .25 .03

g 2.07 1.99 1.87 1.75 1.78

Table 3.3 Fesults for o, B coefficients fittine

curves of the form (3.£) to the curves of Fig. 3

Spreading function Y¥;(8) = Cexp [s cos (8-6,)]

14
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5. DISCUSSION AND CONCLUSION

The wave coherence in a convenient form for comparison with
measured coherence along a structure or array of wave gauges 1is
readily obtained from the program WAVCOHR and/or the results in
Figures 3.2 - 3.4. These results may also be used for obtaining
the wave ccherence in terms of a defined sea state. For use in
the dynamic analysis of structures the further approximation by
Eq. (3.8) may be convenient [4]. Tor curved structures cr wave

gauge arrays not in straight line WAVCOHR and the results

Y

presented here may still be used by taking account of the changing
direction of the normal to the structure or array relative tc the
wind direction. The curves for & = 90! in Figures 3.2 - 3.4 give
the ccherence in the direction of the wind.

Relatively little field data is available for correlation
with the directional spectra models. Measurements on the Hood
r

i
Canal Floating Bridge - [5, 6, 7, ¢] indicate that for the short-

C
crested waves in the relatively short fetch of the Hood Canal
a

Rasin the wave correlation goes to zero in something less than

e
about 0.6 A corresponding to spreading function models with values
e

of 5 may be even less than the lowest value of 2.0 used in the

Figures here. In particular these measurements indicate a rapid

drop off of coherency for all wind directions in centrast to all
of the models included in the report which show measurable

coherence for other than zero wind direction. Such measured

coherences ximated by the exponential functions Fig.
el

resented by the spreading function models.

0

c
3.5 but is not well re
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APPENDIX A
Q
£ = . - _G'XH = IO =
Least square fit of y(x) = e for coherence curves
v{x) of Eg. (3.5).
axg
From v(x) = e (B.1)
we get
: (B.2)
In(y) = -ax B.
and
In[-1n(y)) = Ina + Blnx (2:2)
The above relation represents & straight line and from
least square fit formulas we have:
n n n
n I (Inx.).(In(-1ny.)) - I (lnxﬁ>.-2 (1In(-1ny.>)
i=1 - B i=1 - i=1 =
B = (B.u)
n(n-1)v?
a = y-bx (B.5)
n
7= 11 (In(-1ny.)) (3.8)
n._, i
L, n
- | D
= = L (lnx. (B.7)
X = nLE (_n;\l)
1=1
Y2 z —==--= I (lnx.-x)°? (B.8)
(n-1) 1=1 -
For more accurate results of o, B the exponentional curves
have been fitted to the part of the coherence curves at distance

vl
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