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On the Stability of Semisubmersible Oil Rigs
(Part 2 : Dynamic Stability)

By
Hiroshi KaAGEMoTo, Ryuzo Takal, Hiroyuki ApacHI

Abstract

The dynamic behaviours of semisubmersible oil rigs in severe environmental conditions as well as
after damages are investigated with the focus on the survivability of the rigs.

The behaviours of the rigs are first examined experimentally to observe the dynamic effects
qualitatively., Theoretical simulation computer programs are developed for the quantitative evalua-
tion of the dynamic behaviours. Parametric studies are also carried out in order to extract the
dominant parameters that affect the dynamic motions.

It is shown that the dynamic behaviours have only secondary effects compared to static ones as far
as a capsizing is concerned. The maximum excursions or inclinations, however, after certain
damages can be magnified significantly due to the dynamic effects and thus can not be neglected in
the estimation of the behaviours of semisubmersibles after such damages.
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Fig. 2.1 General view of a model used
in the experiments
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Table 2.1 Experiment conditions

4 5J6.j7L'8-[9

ID NO. 1 | 2 | 3 |
Code Name DYNA—1 (s.59.11) DYNA—2 (s.60. 2)
Date condition—1 condition—2 condition—1 condition—2 | ggndi-,
0° 9%0° 0° 90° 0° 0° 0° 90° 9%0°
Water Depth (m) 1.5 1.5 1.5 1.5 .5 | L5 1.5 1.5 1.5
Displacement (kg) 197.0 197.0 }197.0 197.0 166.0 166.0 166.0 166.0 166.0
Draft (m) 0.44 0.44 0.44 0.4 0.240 0.240 0. 240 0.240 0.240
GM, (m) 0.037 '
0.044 0.020 0.038 0.042
GM, (m) , \
0. 051 0.024 0.019 0.019 0.003
KB (m) 0.129*  0.129% 0.129* ] 0.129*| 0.088 *| 0.088* | 0.088* | 0.088*| 0.088*
BM (m) 0.210°)  0.210% 0.210% ) 0.210%| 0.250%| -0.250* | 0.250* | 0.250* | 0.250°
0.219*  0.219% 0.219* | 0.219*| 0.262*| 0.262*| 0.262*| 0.262*| 0.262*
KG (m) 0.29% 0.295) 0.321 0.321 0.308
KO (m) 0.770 0.770 | 0.770 0.770 0.770 0.770 0.770 0.770 0.770
KF (m) 0.240 0.240} 0.240 0.240 | 0.240 0.240 0. 240 0.240 0.240
Kz (m)
Kyy (m) 0. 568
Kz (m)
T surge (sec) - 16.1 18.6 13.76 15.4
T sway (sec) 19.9 24.1 17.32 18.36 12.8
T heave (sec) 3.34 3.36 3.32 3.33 3.28 3.29 3.21 3.21 3.22
T roll (sec) 6.98 9.72 11.74 11.70 24.48
T pitch (sec) 7.01 9.00 8.80 7.38
T yaw (sec)
a surge (sec™) 0. 0906 0. 0950
a sway (sec™) 0. 0803 0.132
a heave (sec™) 0.0339 0.064% 0.0526 | 0.0504{ 0.0447 0.0616] 0.0544! 0.0610| 0.0608
a roll (sec™) 0.0780 0.0419 0.162 0.307
a pitch (sec™) 0.130 0.0621 0.0684 0.136
a yaw (sec™)
line weight (in air) (kg/m) 0.1725} 0.1725| 0.1725( 0.1725 0.1725
line weight(in water) (kg/m) 0.1480 | 0.1480( 0.1480( 0.1480| 0.1480
initial tention (kg) 0.329 0.202 0.467 | 0.488 '
0. 405 0.39% 0. 646 0.491
GM without mooring * . calculated value
with mooring T : natural period
BM BM, a . damping coefficient
BM, (from free oscillation test)
initial horizontal « :radius of gyration (around G)
tension vertical KO : keel to motion measured point
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Table 2.1 Experiment conditions
ID NO. 10 [ 1 12 | 3 | 14 | 15 16 | 17 18
Code Name DYNA—-3 DYNA—4 CAPS—1 CAPS—2
Date (S.60. 6) (S.60.9) (S.615) (S.61.9)
0° 90° 0° 90° 0° 90° 0° 90°
Water Depth (m) 1.5 1.5 1.5 1.5 1.5 L5
Displacement (kg) 185.0 166.5 166.5 189.0 189.0 179.1 179.1 189.0
Draft (m) 0.370 0.240 0.240 0.385 0. 385 0.323 0.323 0.385
GM, (m) 0.010 0.017 0.005 0.011
0.021 0.025 0.011
GM, (m) 0.019 0.013 0.013 0.019
0.031 0.025 0.019
KB (m) 0.088* | 0.088% | 0.115*| 0.115*
BM (m) 0.250* { 0.250* | 0.220* | 0.220*
0.262* | 0.262*| 0.229* | 0.229*
KG (m) 0.324 0. 324 0.338 0.338 0.347 0.344 0.319
(0.308) | (0.305)
KO (m) 0.770 0.770 0.770 0.770
KF (m) 0.240 | 0.240 | 0.240 | 0.240
Kyy (m) 0.563 | 0.566
(0. 529)
yy (m) 0.542 0.549
(0.508)
Kzz (m) 0.693
T surge (sec)
T sway (sec)
T heave (sec) 3.24
T roll (sec) 16.8
T pitch (sec) 21.1
T yaw (sec) 19.7
a surge (sec™)
a sway (sec™)
a heave (sec™?)
a roll (sec™)
a pitch (sec™)
a yaw (sec™)
line weight (in air) (kg/m) 0.1154 [ 0.1154  0.1154| 0.1154
line weight(in water) (kg/m) 0.1000 { 0.1000{ 0.1000( 0.1000 0.100
initial tension (kg) 0.428 0.436 0. 345 0.363 0.253 0.240
0.498 0.498 0.352 0.368 0.300 0.29%
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Fig. 2.2 Co-ordinate system and test arrangement
in regular wave under inclined condition
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Table 2.2 Particulars of the experiments in regular waves

ID No. index condition
1,2 1 displacement draft GM,=0. 0441m GM,=0. 0515m
197.0Kg 44. Ocm (longitudinal) (transverse)
3,4 (2) 197. 0Kg 44, Ocm 0. 020m 0.024m
5,6 (3) 166. 0Kg 24. Ocm 0. 038m 0.019m
7,8 (4) 166. 0Kg 24. Ocm 0.042m 0.019m
9 (5) 166. 0Kg 24. Ocm 0. 003m
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Condition
ID No|Index | line line weight| initial
length in water |tension
9.480m | 0.148kg/m |in head seas
1,2 | (1)
0. 329/0. 405
3,4 (2) 9.480m 0. 148kg/mlin beam seas
0. 202/0. 396
56 | (3) 9.480m | 0.148kg/mfin head seas
7,8 | (4) | 9.480m | 0.148kg/ml0. 467/0. 464
9 (5) 9.480m | 0.148kg/mlin beam seas
0. 488/0. 491
horizontal
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Fig.2.10 Variations of the pitch natural frequency

due to inclinations (calculation)

flooded water

Fig. 2.12 Pitch motions during flooding in beam seas
(wave period © 2. 5sec)
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Fig. 2.11 Magnification factor for pitch due
to inclinations (calculation)

2.2.3 FESTUHER
BARPRUGKEEBIZENT, BRIz D235 R
4EDFESA  DILD 1 REHITL 25D 6 BH
BOES % AL -5 % Fig 2.13 (a)~(h) 127K T,
X OFE S IIEMTRT O NN E (T4b b, HRE
TIHERMIEVEEEMNL AUE) THh3, REF
A VAR T 2L, B, T—X Y O AHLT
NTHELZPIBNMIBICE A » TERFIIHE T 2 5,
Fig. 2.13 124 51 3 & 91272 D@ EEHER I AT
PREFEES BEFMOEGEIT ). EHORHAIL,
ZE®E— FOBEERBEEICIET 24, 6 BHEDE
HEEBIEED, T4 FOREFEIZE-> TA)su-
rge, sway, yaw (2) heave (3)pitch, roll ® 3 DIk
BT % 5%, Bl 5, surge, sway, yaw (23§ T 2 BIE 5
REBTA LV PLEORNIZEZIEDTHBDIHL
T, heave IZXt T 3B NIZZ OKRE AL 5D
BKEICEDCLDTH D, BN, HEHIHT 278
SAVHEORNICEBEESN, T—A > Mg, AU
AL, HEEHI T 3 BAKEICLZEEN, T2V b
LHANT, BEDRT v 7 FRBOBEIEE I E W,
o TFDER E L T surge, sway, yaw DB EH)
B D EH EHA 1L heave DEBEMAIZE N TR IR
{% B, —F, roll, pitch 23+ BHEE—x ¥ b
MEE T4 v 5 ORMZBET 2R LRE»SD
BAEIZESSRYOBmELS H Y, FHikh 5 DOEKE

(539)



ID No.=12, draft=24cm, in still water
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Fig.2.13 (a)~(h) Transient motions after a breaking of a mooring line
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ID No.=12, draft=24cm, in head seas(0.4Hz)
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" ID No.=13, draft=24cm, in beam seas(0.4Hz)
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Fig. 2.13 (a) ~ (h) Transient mofions after a breaking of a m(:.oorix;xg line
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ID NO.=12, draft=24cm, in head seas(1l.0Hz)
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Fig.2.13 (a)~(h) Transient motions after a breaking of a mooring line
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ID No.=13, d=24.0cm, in beam seas(l;OHz)
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Fig.2.13 (a)~(h) Transient motions after a breaking of a mooring line




