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A Study on Estimation Methods for Overturning
Moment on Semi-— Submersibles due to Wind and
Current Loads (Part 1)

—— Forces Exerted on Deck and Columns ——

By
Hiroyuki Apacur and Ryuzo Takat

Abstract .

The estimation methods for assessing the overturning moment acting on semi—
submersible type rigs due to external forces such as wind, waves and current,
have been sought in order to get an accurate estimation for the stability of semi-—
submersible in both the intact and the damaged condition. The accuracy of the
estimation of overturning moment has become more rigorous than before since the
disasters of A. Kielland and Ocean. Ranger. Much efforts have been devoted to the
exploitation of the techniques for the estimation for the forces and moments on
semi—submersibles.

A research project, in which an attempt is made for establishing a method of
estimation of the overturning mement due to wind and current loads on a floating
body, has been performed as one part of the stability research project for semi—
sub rigs. In this paper, some results from the pProject will be described. Especially
the forces and moment acting on the decks and columns which are main constructive
components of semi—submersible are studied and discussed.  And about the possible
estimation method for. the forces on bluff components of structure the dlscussmn will

be focused.
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Fig.1 Schematic configuration of
semisubmersible drilling rig unit.
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Tablel Deck Model characteristico

Deck No.1 |Deck No2 |Deck No.3 |Deck No.4
L (m) |1400 1430 - (1430 1430
B (m) [1520 11210 1210 1210
D (m) [0045 10060 0120 0.090
Sw (of) 123397 36436 44294 39640
Sw’*(of ) . 3.7876
4 (nf) |004788 |008798 |024363 015573
A* (of) 010382 .
1 (m) 0300%* 0300 ***
b (m) 0220%% 1000 ***
d (m) 0.120 ***

* without holes

** dimension of holes

. **  dimension of deck house
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Fig.5 Outlines of No.1 and No.2 Column.
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Table2 Test parameters for 3~force component measurement
Test Configuration yaw angle 8 deg) | Attack angle o (deg) | Velocity W(m.s)
Deck No1 0=0° a =—15°~15° step5° | V=102 ~0.5 step0.05
Deck No 2 6=10° a =—15°~15° step5® | V=102 ~0.5 step0.05
Deck ¥o.2 without holes | §=0° a =—15°~15° step5° | V=102 ~0.5 step0.05
Deck N3 f=10° a =-—15"~15° step5° | V=102 ~0.5 step0.05
Deck o4 6=10°,30°, 60°, 90° | @ =— 15°~15° step5° | V=10.25~0.5 step0.05
Deck No.4 +2columns 6=10°,30° a =—10°~15° step5° | V=10.256~0.5 step0.05
Deck No4 + 4 columns 6= 10°, 30°, 60° a =—10°~15° step5® | V=10.25~0.5 step 0.05
Deck No4 + 6 columns 6=10°, 30°, 60° a =—15"~15° step5® | V=10.256~0.5 step 0.05

Deck No4 + 8 columns

a =—15°~15° step5° | V=0.26~0.5 step0.05
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Fig.6 Test compositions for Deck No.4 plus
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Table3 Test parameters for pressure
distribution measurement
Model Name | yaw angle
Deck - Mol 6 =0°
Deck No 2 9 =0°
Deck No.3 g =0

Attack angle Velocity
a=—15~15° step5° | V=0.5m4
a=—15"~15° step §° | V=05m/% |
q=—15°~15° step5° | V=05m/4 |,
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Fig.7 Definition of forces and woordinates.
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Table— 4 Pressure and pressure drag of
Model M.2. Positions of
pressure taps are designated
in Fig. 4 (b}

o Cp Fore Edge Cp Aft Edge G
F1| F2 | F3 At A2 A3 e
010.996 | 0.989 ] 0.939 [| ~0.135 [ —0.178 | —0.163 | 0.0226
50.962 | 0.974 | 0.995 | —0.208 | —0.224 | —0.221 | 0.0237
10 | 0.935 | 0.946 | 0.915 || —0.325 | —0.305 | —0.332 | 0.0246
15 {0.932 | 0.925 | 0.862 || —0.450 | —0.433 | ~0.458 | 0.0263
— 5/0.987 | 0.942 | 0.962 || —0.193 | —0.200 | —0.218 | 0.0232
—10|0.958 | 0.934 | 0.954 || —0.258 | ~0.327 | ~0.320 | 0.0245
—15|0.850 | 0.834 | 0.851 || —0.280 | —0.473 | —0.465 | 0.0253
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Fig.12 Schematic flow model around a
rectangular deck with special
attention to cross flow.

ccr(dC”) — RUTERIC X BHIE, Cpo—

cross flow HORETEEIRO 2 ok DIERAE.
T FEHOBE, RE/Bi=4/B= 0.05( v
FEE No2 DIFE ) OEBEERNICEEICE N 12K
DOHIIEH . Hoerner?®, thO%?® it & 2EHED
FADOEERME Fig. 13 2FIAT5&, Cpe= 2.0 &L
TROWEEDNG, Fig. 9 I9)ick BHEEEESSIC
TARLTH 3,

TN OBIIRS DHEERIZ(6), (T)%fE-T, —HE
WKIRD L HICEL T EHTE B,

C%=(§3%aﬂ+dﬁcw
CCT, f=side edge #EFE, r=leading edge
RBRY, Ths, HHETE p=r=1, =TI

+r)o£3 (8)

3.0

20

1.0‘%‘ ~ =~
o . ~Co FREE SURFACF

s ST A -_'Q.P_r__ L o —}— —
0 5 10 15 20
Ld
Fig.13 Drag coefficient of rectangular
cylinder. Variation of drag and
base presswure with L./d.




ﬂ= 1 , T = 0 —63560
BXNRBBRICH L TRD LN bDTH B, 7
v FHERDO L HICEADS ZERICH L TENTH S
EHIRAD, ThidF vy +OBES /RS (d/ L
~0.05~ 0.065) &N Z &, BXU cross flow®
FUDBBEHTHBIDTHH D,

BT v $EBBAOES, yaw angle 6= 0°,
90° @ & X DHADHET I B)RRENB LD, Ty
F OWEIEX % 2 TR ORI BB SHETH
2l. Fiz, BiLF v FOENIERSS b Fig. 130
LAOKEWEEOHEHME Cop= 0.9) THESNE
50

Lichio THEET » F @, BAIBLOHNIOE
BYE, BAEEGRBLUZOEEREE, BLU2
UOCETREE O, AOoEESh, 2R
TEbEN5,

Fou 3@ E—2 v Ot BAIKSESLD
DOOHEERIIER (19) DFlLS-T, ROLI T
BEzohd, =AYb aiﬁuﬁJﬁVN)%@t LT,

G (2 2 (D)4 Cover

) ro? (9)

T, x~mﬁ#a§ﬁﬁ¢uif@ﬁ%( )
DORIIEINEHRLESDTH S, ZNLDHDES
HERDHBE,

_ Cy
6= Creosa+Cp sina
L1553, Fig. 14 €5 v FHEE N2 DE—X ¥ P &R
T, (9)ic &k BHEEMIFEME L /NS VDS, TOMER
i Fig. 9 OB OHEHEKbRONIbDEFLT
b0, ThiHBEeO— RO A4 2 HEER O
BHARSTAARX LBV EiLERT LS BD
N3, Lo LITH9)icBE IR EEHEITERNL
ERICESL SDTHY, KDBFBIHEED DI,
BT ON 7 RS AERTE AEHRIC X DO KB
BHb

FI DB EOERIE & HSEE & D% Fig. 15 &
Y. EEREITE— x/h@r;*¢@%@fd@
naor

{10

Cu= ) (_C—L cosat+Cpr sina) —Cmo  (11)

THHBED DT — ¥ b & LT (10) RCEHAERD
720 Cpo &, Fig. 8(b) @ Cpy T dERECE A
Fo- (AR I TRHTVS, FHpREEcE E

CMx10
+1.0

—0— Exp-
———Estimation T0-6
10.4 -

102 -

45 10 -5 /To 5 10 15
4._0.2 attack angle

T-08

+-1.0

Fig.14 Moment coefficient characteristics
of Deck Model No.2 without holes

XTO-‘S leading edge

—o— Exp.
— — — Estimation

<15 -10 -5 0 5 10 15
. attack angle

Fig.15 Point of reaction of force of
Deck Model No.2 without holes.

Hickde—» Y bE2EBELTHED, BHONEH
BRI OEERERENES
ESEIEATE LD 20 ~30%L OFtick b, WHDH
g 5 LB BET AR AR D, HEB S KR
BOMSRBIFTE S, Thid, #EED Cr, Cyd

(449)



10

DBEPEIITEE LB LTHA Do
PlloEgry, BHLEETy +0RGKI0EH

RT3, cross flow MRAEEALLEHE

HTIRIFEANCEETE DD LEbN 5,

UPPER SURFACE

Fig. 16(a) Pressure distribution of Deck
Model No.1 a=0.

UPPER SURFACE

LOWER SURFACE

Fig.16(b) Pressure distribution of Deck
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Fig.24 Lift coefficient characteristics of the
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