The Society of Naval Architects of Japan

187

N T F TIRREIZ BT 2 KKEZ A4 F—DEBIES &
R

Fg %

n = #&&* E’a B & H =*

H 4 B AT

Tension Variation and Limiting Wave Height of a Deep Sea Drilling Riser
in Hang-Off Mode
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Masahiko Ozaki, Member
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Summary

The wave spectral analysis technique is applied to predict the limiting wave conditions for a deep sea
drilling riser in the hang-off mode. In this mode, the riser is disconnected from the subsea BOP stack,
hangs from the riser tensioner wires, and the top of the riser moves with the drilling vessel. The
limiting wave height then, is the highest wave which does not cause compression in the top of the riser.
Calculation results are presented showing the limiting wave height as a function of averaged wave
period for a 2,000 m long deep sea riser. This method is then verified through comparisons with results
of calculations performed using the time domain method in response to a random sea. Additionally,
the influences of internal fluid mass in the riser and the associated fluid friction on the limiting wave
height are discussed. Finally, applications of the method to the analysis and design of deep sea drilling

risers are presented.

1. #

BEOHARONRIIEKREN L ERBLTBY, BE,
KEE 2,000 m D ERE 2 MWE T 2 BHEERT S 4 F—
DHRFARLBITONT W BY, %7, BREOREAED -
D OEEFRAAD 4,000 %5 4 F— OB LFTbATL
59, ZOX57%KEE2,000m 2B 3 EHEZEYT 3
eDDTA Y-S AT AEBT LIRS, BEHICER
DERFEERHBEER L L2k > TFHE AR BEBEDE
LCHEEB L 1-HE& i, EBEIRECS 4 F—34 72BN
TR L RBBF TR VIS, T4 ¥ — T4 gy
H»otIDEEL, BEIMR»S S A ¥ —2BO T 220
N7 F 7TRBITHRERP VBT T AR H 2 L& 2
SRTVE, ZOLS BHERH TR EELRE LS
AP =Y AT L EBHT2LESD S,

ouf

Y ZEEETE () RIS
T BHARGHERRER 2 s —

FRRZHE FRIFETHSH
KEBEICSVTHE PRIEIIA L, 158

AEE2,000m 2E2 3 &3 BKKETAF—DNy T
F 7RBIZB VT, BRCEEMONGENL(EEEN)
T BT IS W, FAF-HEDES
WCIMZ THIEMRO ETFEAIC b L O EBEASE—DR
BERE 23, EHXTI, ZA V-0 X AHER
FREEL, 74 F—DMAEDOHE, +2bbEHRS
KEDOWTDOAEZZZLIZT 3,

HEROBINOMBED S 4 F— L HRTAKET 4+
—TRUTDL S REHTERRIOEENKE 1 2,

0T VY atREAIRT v 7 u— FOIRN S ENEE A

BMUTHNLEIEEMZIZ I Licn s, BRitt
LA ZDSEKRT 5DT, BENCERST 2E8ED
BREL KRB,

0T A —DEEMERTELELIC, T4 F—DHHE

BOBEERENREL 2D, EBEOKROBAEIES

{7, ZEEIRDIBIMICHEIES 2%,
EERAPKE wE, BRTEORIC X 3@8ARENIC
Lo TIAF—DHEEBEC I BENNHY, £ 12—F5T,
BRIRNI L OZETADEN (M) SRETLE, 5S4 ¥
—IEHIMR 3R E EI2 D, SAF—EBRBSECHY T
LEBENND B, oTC, BRAEHHEH 2SHWICFH L

NI | -El ectronic Library Service
|



The Society of Naval Architects of Japan

188 HAEMFESHCE F182 5

7 ETHEIRNABIECRET S 2 L0, L0 AKED S
W& D BESBROEBE TCORB A ER T @IS 2
e D,

PERDHBEHB A KETHO SRS T 1 F—D BT
1%, JEHIFFO TIRBSIREED 5 4 ¥ — D1z b A 258 T HIZ
HRABBDIN, N2 TF TRED T A —BBHTH b % DI
RETHOBONTHB LB VLI THL,Thbb,
TREUAR D BHR R BIHE O B 1 8 O A £ 281z Ah
THRERCHET 2 DD, T4 —EBRAT Tt romn
FEEEHAIEPO b OB S THELTWE (filz
W, X, L, Wb sREHEELTITNS 20 &
D RETFETIE, NI A TBROLTEEN 2T T 50
WCEER S A F— RO EE AL COBRIE G2
FIR) ORELBYNCEBTE RV, ZOMERSA Y
—BRLABBPFLEEBCR D, NI TREOEATEE
NEEEHCTFRIL, 54 F—Y R T AT 3 BERR
(BUF, BZHERA LIE:) 2B 2 FE R 2.4
ERb 3,

X T, ARZ MEER—R L LAY 24 78
KRBT A F— e 3 HAEHRHOFHER 5 N
TAY— LmECIERAT 2 A0OBNRESHERLLEYL LT
EERADHEETRET 5, BUCHEYIEED 5 4 ¥ —i5H
FRITEIC AR PVEDBASMTONT B89, Ny
A TRDZ A F—FEBERENR S N HEERADOHE~DHE
RAIRRH7 520wk ITH B, KHEEEANT, KBS
RFUCRIZT T 1 ¥ — 4 PHOREEELR ST EOTE
BIRBORE, S5 10374 F—BH~OISEF L LT,
BEERACRIZTIAV~8K, 749 —KkhEER, 14
—NBEDOEEICODWTRIHT 5,

2. FAY—NITF IRDRERR

BERADHEEEE LD IIHT2>T, ROBEERH S
5,

® 7 A ¥ — LIGERDEBNEST IR AIRRE i B3 2

(B E)

oA L FIBNIC L AEEBIOAREL S

o5 A V—DIER - lebhADOEETEET 3
UEDREDTT, 74 ¥ —HiESH0BAEEEEOBEE
RELRIZLZ bW 3 EHTFA /TS,

2.1 HERFAOHER

HEOFEIIUTCRT LBV TH S,

(1) Z4¥— kiR %2 T2 BATIRIE Cmsn iz
MIEL 72 & ED T 4 ¥ — LIRERE R IRE Tr 2K 0
5. COREBEELTHEL Db DHEZ S5h 558 (F 2 1E,
ERD), I T, T4 PRI B B RTEEC A
BHICHIETE 2 FEL WS BED» S, Appendix-1 127+
TAY -2 BEOFE SN EPERETE T L L - E
BHEEEAVWILDET S,

(2) AR 35 2 BATEIRIEY 72 D OISO
THENIRIE Z, #3@ R0 TE <,

(3) ()&(2)»5, BMAFRIEYNZD DS A ¥ —
IS EBRIIRIE T 25K 2, Toid Tr & Z, DR TS
Hah, AMBUE BEIMCTT 2 BAAECRD 3,

(4) (3) LBIERES YD DAY L S %
T, THRAESRO 7 1 — FMSEHEHO T 2L £
—ANRZ MVOFEEITY, BECHHEEENL: 0 OLEHE
AADEEME Tiis 8 L CBRAME Trmex £RD2 (FE 28
BAARESEL: ) OE2ERT 2), KBTI, R~
7 PAVFIRA L LT, ISSC (1979) HARZ ML 23
TEEl, AMASMELT, cos? WAEREL,

S(w, x)=(2/r) cos® xS(w)/HEs (1)
S(w)*/Hfs
=0.111w7 (w/w) ™ exp [ —044(w/w1)™] (2)
ZZT, ov=27/To THY, T RS TH 5, Hys
RERES, x IEFATHY, 180 deg X FHEFIE & T
5, £7, Thmax & Trus DERIZOWTIE, BEK
Trmax=2" Tp‘ua bt LTCo

(5) EBERNIEECHLT 2 & LEBROREDT

T, EEERDOBRAESBHLHD SRS Ts 281

BB CADRABRET 5 #2503 (Fig. 1 £R)2,

COHDRAVFEET 2HOEERS L HERAH, £ &
7Y, ThRbb, HERR H 3EEEOBAEI 5
FIVECRNEF LA X2 LEDEERETHY, KRT
HETs 3,

Hi=Ts/T max (3)
212U, ZITIRZAYF—DF[-m0MEE, T4 F—Kk
PEEO2EUEDBZ VDL LIz, 25 TRVLES, A0
RODORKELRNC T 4 ¥ —DREREL 3,

2.2 FEMROSAY—EB LIENIR

RiZ, BHRIPEERAOHENRETZ 54—
BELFEHRBFEDWTHRRE, 54 F—EHRUTOE
DEel7e, I22L, ZZTRESRROHESI#TT 2 &
BENTH S0, BHRECS T 328530758
AP —BERE ISR Ty,
T4 —F 12,000m

® /}££ 1 21inch (0.526 m), PN%E :19.5inch (0.488 m)
o HE [

® Z/MAEE 1 0.5, EHEINE 0.85m

O FNEREE LD 11,050m

® TIRELfTINER © 120 ton (22rh), 100 ton (skh)

o & HE (NEFMAEERZE ) 180 ton-s*/m

o 2/KthE & 330 ton

HEHIAG X vessel # 4 7 L, Table 1 R+ EE2{RE
U7z, Fig. 2 ¥ J7M 0, 30, 60, 90, 120, 150, 180 deg =
BURHRMEHTO L TFTREAUGESEL RS, 0T
Hb, MEEEIA MY v 7 (STFE) 2HAWTHEL

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

N TATIREBIE B ARKET AV —OEFHEN LSRR 189
Load Connector Design Load Tabl% 1 Principal particulars of a drilling vessel
+% “Dynamic Load Ship Length Ly, 150m
Breadth B 27m
Depth D 11m
l Full load draft d 8m
Displacement | abt.20,000ton
. |
of Riser 720

Inwater Weight

The minimum should
not be negative.
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Fig.1 Required riser tension tolerance while hang-off
mode
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Fig.2 Heave RAO for a drilling vessel
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Fig.5 Comparison of tension variations with heave
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Fig.6 Calculated results of RAO of tension variation
per unit heave amplitude
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Fig.7 Calculated results of significant value of tension
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2,000m riser (x =150deg)

2,000m riser (x =150deg)
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Fig. 10 Effect of internal fluid mass in the riser on
tension variation characteristics and limiting
wave height (upper: RAO of tension varia-

Fig. 11 Effect of fluid friction resistance coefficient on
tension variation characteristics and limiting

tion, middle : significant value of tension varia-
tion, lower : limiting wave height)
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tion, lower : limiting wave height)

A F—DORERBIEE R IE 2.5sec I TH Y, BEOM

FEBOAML D bECANEBICH S, 0D, EE
RADHERICZZORENZLALREN G D LE
Zond, ERAHSL YRS 2,000m 2z 5Kk
BoAF—OHECE, BERASEEOEHENOMEIE

NI | -El ectronic Library Service
I



The Society of Naval Architects of Japan

194 HEGSHFRRE FI12 5
BERZTLICRD EFHANLID, IITORHE Table 4 Risers with different length

ZTOFERILERATE W EEZ SN B,

Riser Length 1,500m 2,000m 2,500m 3,000m Remarks

Out. Dia./In. Dia. [ 21/19.5inch Do. Do. Do.
= —SNLE. 0 OD of Float 0.85m Do. Do, Do.
4. A axat ~DIGA Tength of Float 105m 1,050m 1610m 2.167m
Total Mass 58ton s7/m [ 80ton s°/m | 102ton s2/m | 124ton s?/m | excl. inside mass

Total Weight in Sea 330ton Do. Do. Do.
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Table 5 Risers with different weight in sea

Table 6 Risers with different diameter of the riser

[ Total Weight in Sea ]| 230ton | 330ton [ 430ton Remarks | Out. Dia./In. Dia. || 16/14.5inch | 21/19.5inch Remarks |
Riser Length 2,000m Do. Do. Riser Length 2,000m Do.
Do Dlajin: D S ok D0 e OD of Float 0.7Im 0.85m
Length of float 1,564m 1,050m 54im Length of Float 720m 1,050m
Total mass 89ton s?/m | 80ton 5?/m | 70ton s?/m | excl. inside mass Total Mass 59ton s2 /m | 80ton s? /m | excl. inside mass
Total weight in Sea 330ton Do.
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Fig. 13 Effect of riser weight in sea on tension varia-
tion characteristics and limiting wave height
(upper: RAO of tension variation, middle:
significant value of tension variation, lower:
limiting wave height)
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Fig. 14 Effect of riser diameter on tension variation

characteristics

and

limiting wave height

(upper: RAO of tension variation, middle:
significant value of tension variation, lower:
limiting wave height)
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