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A Study on the Slowly Varying Wave Drift Force Acting on a
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Abstract

Wave drift forces which are small in magnitudes compared to the first order wave exciting
forces can cause very large motion of a vessel in waves. In this paper a theoretical and
experimental analysis is made of the mean and slowly varying wave dirft forces on the semi-
submersible platform. Theoretical calculations are performed by using near field method with
three dimensional diffraction theory and model tests are carried out in regular and irregular
waves with a 1/60 semi model. Test results are compared with theoretical calculations and the
mooring spring effects in the test are discussed.
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L (Length) = 150m
B (Breadth)= 50
D(Draft) = 10a
h (vater depth) = 50m

Fig. 1 Facet representation of the barge



52

Table 1 Main particulars of a barge

Designation Symbol Barge
Length L,, 150. 0m
(between perpendiculars)
Breadth B 50.0m
Draft D 10.0m
Volume 4 73, 750m3
Vertical center of gravity KG 10.0m
above base
Metacentric height GMr 16.23m
Gyradius of pitch kyy 39.0m
Gyradius of roll Byx 20.0m
Water depth h 50. 0m

Table 2 Main particulars of a semi-submersible

Designation [ Symbol | sﬁglrﬁie-rsibl e
Pontoon length L,, 89.0m
Pontoon breadth B 16.0m
Pontoon height H 9.10m
Beam outside pontoon By 70.72m
Column LxB LxB 13.68x
at pontoon deck 14.5
Draft D 24.9m
Volume 14 36, 131m®
Gyradius of pitch kyy 28.1m
Gyradius of roll k.- 30.3m
Vertical center of gravity KG 21.1m
above base
Metacentric height GMy 1.70m
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Table 3 Qudratic transfer function of slow drift force (barge: head sea, total)

wn(rad/s)

0.5 0.6 0.7 0.8 0.9 1.0
0.5 —0.4 14.0 18.5 13.7 11.2 9.4 (i)
0.0 3.0 4.0 9.0 11.0 7.0 (i)
0.0 5.0 9.0 10.0 11.0 11.0 (iii)
0.6 —-11.0 16.3 21.9 14.1 12.3 (i)
—5.0 8.0 6.0 14.0 4.0 (i)
~9.0 13.0 11.0 16.0 13.0 (iii)
0.7 ~23.6 24.9 25.8 19.6 (i)
—18.0 15.0 15.0 20.0 (ii)
—22.0 18.0 20.0 20.0 (iii)
@n 0.8 —3L.2 27.9 29.7 (i)
—22.0 16.0 21.0 (i)
—26.0 22.0 18.0 (iii)
0.9 —32.1 30.5 (i)
—24.0 18.0 (i)
—27.0 21.0 (iii)

T(@m, 0x)*

1.0 —33.8 (i)
~26.0 (i)
—29.0 (iii)

* : defined by F,,./Cms [ton/m2)
(i) : Author’s Calculation

(ii) : NMI's Calcualtion (Ref(11))

(iit) : Pinkster’s Calculation (revised by Standing, Ref{11])
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Table 4 Qudratic transfer function of slow drift
force (barge: head sea, 2nd order poten-

tial)
wm(rad/s)
1 0.5 0.6 0.7 0.8 0.9 1.0
0.5 6.5 8.6 5.2 14.7 15.8 (i)
0.0 7.0 2.0 2.0 13.0 16.0 (i)
6.0 6.0 5.0 15.0 17.0 (i)
0.6 6.0 6.3 7.6 13.7 (i)
0.0 3.0 6.0 3.0 15.0 (i)
8.0 6.0 8.0 14.0 (iii)
0.7 5.8 4.6 10.7 (i)
0.0 4.0 6.0 8.0 C(ii)
6.0 5.0 11.0 (i)
w, | 0.8 5.8 3.8 (i)
0.0 8.0 7.0 (i)
6.0 4.0 (i)
0.9 5.8 (i)
0.0 5.0 C(ii)
6.0 (i)
T(wms 0n)*

1.0 (i)
0.0 (i)
(iii)

* ! defined by Fuu/Cmls, (ton/m?)
(i) : Author’s Calculation
(i) : NMI's Calcualtion (Ref7111)
(iii) : Pinkster's Calculation (revised by Standing,
Ref(112)
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TEST ARRANGEMENT MOORING SYSTEM WITH SPRING

Fig. 8 Test arrangement
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Fig. 11 The Quadratic Transfer function of the
Semi-submersible for Beam Sea
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Item Desired M::su- IE:;: ;) T
Transverse Metacenter 2.83cm | 2.82cm | —0.4
(GM71)
Gyradius of Roll(Kxx) 0.505m [ 0.493m | —2.4
Gyradius of Pitch(Kyy) 0.468m | 0.476m | +1.7
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Table 5 Free oscillation results (ship scale) (sec.]

Mooring System Surge Sway Heave Pitch Roll
w/o Spring 20.9 48.6 58.0
OP1 96.9 108.6 21.0 42.0 49.2
OoPpP2 137.3 151.8 21.3 44.5 54.0
OP3 35.6 40.3 21.0 38.7 45.3
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