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Study on Current-Random Wave Forces Acting on a Framework'

E Xuequan”, SHAO Chuanping” * and GAO Yuxin® "~

Abstract — The forces of random wave plus current acting on a simplified offshore platform (jacket) mod-
el have been studied numerically and experimentally. The numerical results are in good agreement with
experiments. The mean force can be approximated as a function of equivalent velocity parameter and the
root-mean-square force as a function of equivalent significant wave height parameter.
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1. Introduction

Studies on random wave forces acting on framework structures are very .mportant to
offshore platform design. As the cylinders of the stcuctures are in different sositions and differ-
ent axial directions, the correlation coefficient between every two sectionai forces is very difficult
to obtain, so the usual method used tr calcuiate thz torce spectriim: of single vertical cylinder
(Reid, 1957; Borgman. 19€7; Chakrabati, 1980; Sarpkava, 1981) does not work here.

Recently, Teh and Tuug (1996€) studied the statistical properties of random forces on two
vertical circular cylin ders. Their theoretical method is too complicated to be used for such frame-
WOrKs,

Model experiments also have difficult problems. We can obtain the spectra of random
waves and random forces on the framework, but from the spectra we cannot obtain a reliable
transfer function which is the most important, because small errors in the experimental spectra
may cause great differences in transfer function evaluation, and data error in sampling and pro-
cessing is unavoidable.

Current-random wave interacting forces are much more complicated. The cases of a hori-
zontal and a vertical cylinder have been studied by Tung and Huang (1976), Moe and Crandall
(1977) and Kang and Li (1990). They found that even a small current could cause great changes
in the statistical properties of random forces. As for multi- cylinders little research has been
done.

In this paper, a simple method is proposed for the calculation of the spectrum of
current-wave interacting force and experiments are performed to verify the method.

2. Theoretical Considerations

Suppose that in a water field of finite depth a current flows from left to right at constant
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velocity U, and a 2D random wave train propagates in the same direction as that of the current,
as shown in Fig. 1. The random wave surface displacement can be expressed as

n(x, D=acoslkx —(@+ kU ) t+ ¢] §))

where g, k, w, ¢ are wave height, wave number, circular frequency and phase angle respectively.
They are all random variables which vary slowly.
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Fig. 1. Sketch of 2D current-random wave.

Now we introduce two other random variables as Tung and Huang (1984) did:

X=acos[p—(w+ kU],

Y=asin[qo—(w+kU0)t]:? )

then the water particle velocity and acceleration at a fixed space point (x, z) can be expressed as
a function of (X, Y, k) by linear regular wave theory.

V. =U, ta (k, z) Xcoskx — Ysin kx)
V. =Bk, z) (Xsinkx — Ycoskx) 1

3
A, = wauk,z) (Y coskx + Xsinkx) ®)
A, =of (k, z) (Y sinkx — Xcoskx) ;
where
_ gk coshk(z +d)
a (k, z) tanhkd  coshkd ] @)
Bk, z)= gk sinhk(z +d)

tanhkd sinhkd
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From the statistics of experimental data, the probability density function of wave height

a and wave period T can be obtained. Using v X * +¥® instead of a, we have the probability
density as follows:

f,\/Xz + v el—;i-zi(xzﬂ”) (5)
3 {3

oKX, Y, T)=
(2n02)5
P —% ]
f= (1) =—=+
Jp-P’

T

P=pP(T)= j (D) dT

0

[ (6)

J

0.5/(T) )

p(T) = 3
[1+ /7 w])

where p(T) is the probability density of wave period 7, which can be easily obtained from exper-
imental data staiistics, and J” == f/(T), wave pciiod T = 2n / w, @ being related to wave number
k by dispersion reiaiion, and o 1s root-mean-square of wave surface displacement fluctuation.

Considering the effects of free surface fluctuation (Yeh and Tung, 1996), the hydrodynamic
force on one section of a circular cylinder is

F =F, +F_ ]
Fd = [Cd%pw D |Vn‘ an] H(’:I_Z) (8)
F =[Ccp 2D°4 JH(-2) [

where D — diameter of the cylinder; p, — mass density of water; H (7 — z) — unit step func-
tion, which means that no dynamic force acts on the section when the random water surface

does not cover it; 17" — water particle velocity normal to the cylinder axis; ¥,, — the x direc-
tion component of Vn ; A, — x direction component of water particle acceleration normal to

the cylinder axis, and C, and C,, — local resistant and inertial force coefficients.
C,; and C, are functions of random variables (X, Y, k). Given the wave height

VX + Y’ and the wave number k, we can obtain the values of C,; and C,, from the known
regular wave hydrodynamic coefficients charts (Sarpkaya and Isaacson, 1981).
The velocity and acceleration of water particle are

V., =V (—-e)—V. e e

nx

IVn| =\/Vj: +Vj _(Vx ex +Vz ez)2 f (9)
Anx =Ax(1_ei)_Afexez !
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where e, and e, are x and z components of cylinder axial unit vector.

So the sectional force is a function of random variables X, Y and k, and it can be expanded
into a power series of random variables X and Y according to probability distribution of
X and Y. The coefficients of the power series are functions of wave number k. Integrating the
sectional forces for all cylinders, we have the total random force F().

A linearized approximation of the total force is

F=F, +F, _ (10)

F, =4 (k)Xx+B (k)Y+C, (k), ()
F =4, 0X+B, ()Y !

4,®0=¢,2f de | Xp X )F,F, ax|
B, ®=4,3 dez/ Yo (X, V) F, 7, dx} 12
- q9
2 a® @ . NN\
? ‘J f;: /4 /.‘(/\,Y)‘,.daX
" J
and
g2 . __8
Vit£A @ agn \

P R

pX, V=X +y e F T (13)
F,=F,(qX,qY,kx, kz,U)

F_=F (qX,qY,kx, kz,U)"

where x; and z; are the coordinates of circular cylinder section.
The spectrum of the total force is

Se@=[(4, +4)" +B, +B))]s, (@ (14)
and the mean force is

F={ ¢, wamar. (15)

3. Laboratory Experiment

The experiment was carried out in a 2D wave basin at the State Ocean Engmeermg Key La-
boratory, Shanghai Jiaotong University, P. R. China.
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The basin is 40 m in length, 30 m in width and 6.0 m in depth. The water depth can be chan-
ged as required from 0 to 5.0 m by adjusting the position of the false bottom of the basin. In this
experiment, the static water depth is 1.3 m. The test framework is a simplified model of a Jjacket
platform in the southwest China sea.

As shown in Fig. 2, the framework is 1.5 m long. 0.75 m wide and 2 m high, consisting of 32
circular cylindrical elements. Their 6 main pile legs are 5 cm in diameter and all the others are
3.2 cm.

The measurement system includes a wave monitor to measure the water surface fluctua-
tions, a force scale to record the variation of random acting on the framework and an ac-
celerometer to trace the movements of the framework at a fixed point.

Fig. 2. Framework model.

4. Experimental and Calculated Results
4.1 Statistical Properties of Random Waves

Fig. 3 and Fig. 4 show the statistical probability density distributions of wave height p(a)
and wave period p(7T). The joint probability density p(a, T) from experimental data statistics is

shown in Fig. 5, which is in good agreement with that from Eq. (5) when v/ X' +7 isre
placed by a.

4.2 Expansion Coefficients of Random Force’
Fig. 6 shows the expansion coefficients ofA (k). B, (k) and C, (k) from Eqgs. (12) and

(13). A | (k) plays the main role in drag force ﬂuctuatlon B, (k) is the main part of inertia
force, and C, (k) represents the mean force.
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Fig. 3. Probability density of wave height. Fig. 4. Probability density of wave period.

Uo=0.25m/s
Hs=4,0,=0.25m

Fig. 5. Joint probability density of Fig. 6. Expanded force coefficients
wave height and wave period. v.s. wave number.

4.3 Comparison of Calculated and Experimental Forces

Fig. 7 and Fig. 8 show the comparison between the calculated and experimental mean
forces and between the calculated and experimental root-mean-square total force respectively.

Fig. 9 and Fig. 10 show the calculated and experimental force spectra of pure wave and
wave plus current respectively. They are in good agreement.
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4.4 Force Variation with Wave and Current Parameters

Fig. 11 shows the variation of numerical results of root-mean-square force F,,, with signifi-

cant wave height H = H . and current velocity U,. Fig. 12 gives the calculated results of
mean force F,,, versus H, and U,.
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Fig. 11. Root-mear-squ:are fores v.5. wave

aicight ard current velociwy.

° ‘Da \'\ ,
L4
2 \_\ 3

5 10.2

0.2 \

\ s,

LA ’3__,/\,0 SO
\/ \3\/_

0.1 £ 0.1

0.0 Q0.1 0.42
Uo (m/s)

Fig. 13. Contour lines of root-mean-square
force v.s. wave height and current velocity.
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Fig. 14. Contour lines of mean force
v.s. wave height and current velocity.

As H, and U, increase, both F_, and F, ., increase. The effect of Uy on F.,, or H; on

F

ms

is larger, but the effect of U, on F,,; or H, on F,, is comparatively small.
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4.5 Functions of Single Parameter to Describe Mean and RMS Force

From Fig. 13 and Fig. 14 it is known that the contour lines of F;; and Fy,,, are nearly
parallel and straight. So an equivalent significant wave height parameter can be introduced:

H =H +1,U,

where A, is a constant and in this case, 4; = 0.26.
The root-mean-square force F,, is a function of parameter H™ as shown in Fig. 15.
Similarly, an equivalent velocity can be introduced:

U = UO +l2 (Hs —Hso)

where A, is a constant, and in this case 4, = 0.3636. The mean force F,,,, is a function of
parameter U" as shown in Fig. 16.
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Fig. 15. Root-mean-square force v.s. Fig. 16, Mean force v.s. equivalent
equivalent significant wave height. current velocity.

5. Conclusions

— The results of the linearized random force calculation method mentioned above are in
good agreement with experiments.

— The mean or root-mean-square force of random waves on a framework depends only on
a single parameter (equivalent current velocity or equivalent wave height).
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