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Abstract

National Maritime Research Institute of Japan and Japan Agency for Marine-Earth Science and
Technology concluded MOU for promoting the R&D of ocean science and engineering in 2006. Two
organizations conducted the cooperative research on safety evaluation of deep-water drilling by D/V
CHIKYU from 2007 to 2008. This report describes the results of the following two topics, i.e. fatigue
analysis of drill pipe and structural response of a hung-off riser.

In the drilling operation, various loads influencing the fatigue life are exerted on drill-pipe string.
In the present study, we evaluated the fatigue damage of drill pipe under the influence of vor-
tex-induced vibration (VIV) and rotation under stretch bending. We also conducted the tensile and
fatigue tests using specimen of the actual drill-pipe material of D/V CHIKYU to obtain the database
for fatigue damage evaluation.

A structural response of a hung-off riser is one of critical issues to develop riser systems for ul-
tra-deepwater. One of the key issues is the interaction between a hung-off rigid riser and its in-
ternal fluid. Top forced oscillation tests of long vertical pipe were carried out in the deep-sea basin
and the theoretical model and simulation program were developed for expressing a structural re-
sponse of hung-off riser.
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Fig. 2.1 Flowchart of fatigue damage evalua-
tion
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Fig. 2.2 Measurement results of true fracture
stresses for the S140 drilling pipe (TJ: Tool
Joint)

(65)



66

3500MPa

3000MPa

2500MPa

2000MPa

1500MPa -

1000MPa

&{K(S150) TJ(S150) [EHER(S150)

Fig. 2.3 Measurement results of true fracture
stresses for the S150 drilling pipe (TJ: Tool
Joint)
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OADHRDI-HKIBRELOMZ, AIETHW
S150 KU s34 7 LT Table 2.1 27”7,

Table 2.1 The cross-sectional dimensions and
the maximum amplitude ratios of the pipe models
Model OD (mm) ID (mm) £ (mm) (AD) iy Remarks
P1 139.7 114 12.85 1.263 5150 drill pipe
P2 279.4 228 257 1.263 Proportionally x 2 of P1
P4 558.8 456 51.4 1.263 Proportionally x 4 of P1
T 279.4 253.7 12.85 1.381 0D x2, #x10ofP1
R1 5334 4953 19.05 1.406 Modeling a 21" riser

OD=0uter Diameter, ID=Inner Diameter, f=thickness

ETIL P2 B ELOP4 X, P1 (=S150 KU bsSog
7) OWETEEZ ERAMICEREFN 2EB IO 4E
WLEZbDTHY, EFATLIEZ, Pl L RI—ORE
DEFHRE2MHBICLEZLDOTHD, —FH, ET NV
RLIZ, KB O-ON R 214 T OT A4 F—F
OWHESTEXREL-LOTH DL, P2 & T1IZHOW
Ti%, 2.2.3HT P1(=S150 F YU A 34 )2t LT
BWELIAKE - HHRESOEEHE2Z0EEH T
T, KED P4 BLO R IZHOWTITHEA RSN
DOFMELE LT02HzZBM LT, 2B, RLIZT A
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A,x Ax coshd —cosAd, (.. Ax . Ax
X, = cosh———cos *— - ————"| sinh —— —sin =~
l / sinh A, —sin A, [
(n=1,2.3...) (2.13)

B L., n>51Z% LT,

;\‘n:(zn_ﬁ_ DHm/2. cosh ﬂn —CoS /1,, -

sinh A, —sin 4,
IRENE R,

cos A, cosh i, =1 (2.14)
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FEREEOKRMB Ial—Ya v d2ERT L i PNER AR
OOFIRFTKD LY, K (R =R
) A% — NEHRLIcERETET L L, 0: 74P —HAREX
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3) EE TR A KoLl RO ES LT ¢ BRI
Ra2b—F¥—%EKRT D, T: 74V —mES, [EAEY
4) HiET I a2l —iarnbEbn s ke U: 25 BEREIZ BT 5 )L
KOEA BN, e onzbo % X o 72 [ R A
LWHEZHERT 5, A TAY— LW DYEEE TOMNPERE (EH)
5) MEBISEER ATV, BEEEEZRD D, 2 ADNLTE T OE
6) FIRIEEBRNOHEONTZEEBREEZRMY I = pri TAY—OEE
L= —IZRALT, HEvIab—va v pw : WK O %
FERLAERERER 2SR L, BEY I 2 (_) . d(_)/dt
— X —DOHHIMEEHRBT D,
) EREEOHMEY I 2L —va v ETI, 3) HEH SRR
DIFIicE Rz BRI REd 4 5%, S4B ES) U -
Dos=Um L %
3.2 HEVZAL—F4—OBERUYIaL D) U< Xt U<\ & X
—>aviER 5
3 2.1 EBAFEA AT+ EA L Uipdg=0 G
1) =TV T oX
TAYF =T B & Fima P LTy, HAM W AS X+ U<+ U, D & %
DW= DA FTH Y . BRI EE 5
LCns, F, ol (k) & TRC 5 i ms 90 ae—ap ol =0
N OWKRKERLEDE D,
54 P — RISV T, BT ORES (3.2)
R CTETMEELT S T2, i) A+ U < X+ U< 0+ U0 & %
c TAY— 1 —o, #k, AR —E, ¥ ,
gﬁiig\ fiifdo 0 B — . W —prArU+EAma—lf+(pr —p ) g
i oX

s BRI AR — o, ERLR (BEVER &L O

T EETIEARLEN L B ORI — #8072 B ‘WV%%WU—W%MHU—U“U—U)=O
R Y SLD) MK) ARSI —E, WiITEE & (3.3)
D, WiEH Y, BE—E, BrmE—E. FumiEsh
I A — 1) Uy<0 0 b

D) <X+ U< MU, D & =
2) #iF -
0: FAY—Ei, OKRE—R B - B
101 WE—F prArU+EArs XZ +,0,A,g =0 (3.4)
22— R D AU EXHU<SAD & %

Air PER AR 0 W T 5

Ar: BHKLE DI T A F— O _p/“j+54§j£+pAg
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H) AS X+ U< 0+ U0 & &

. o’U
~pAU+EA, —5+(p, ~p, )48

—mp,1,C, U‘U—ﬂpwriCi‘U—Ui‘(U—Ui): 0
(3.6)
FA Y =D LimOEA U :
T =FEA, v, (3.7)
o0X

2T hiEmo ETEMTEEM (A1) Th D,

TAF—DOFHOEN U, :
oU, _0
oX
WK OB U
. o°U,
- P, AU, +KAia—l

X2

(3.8)

(3.9)
—ﬁpw,igCi‘Ui —U‘(Ul. —U): 0
PR I O b3 D ZERL U,
ou,
oX
NIRRT 8 DAL Us, -
oU

—KAia—AXi[—pWUMAig =0 (3.11)

=0 (3.10)

3.2 2 TERE
To (22T Ok g -
T, =p, 4,82+ (p, - p,)4,8((—2)

(3.12)
Uz W T OFHERRTE -
DO=X=AcBWT

(3.13)

HA<X=azB8 T

Ue z_l(pr _pw)Ar gXZ

2 EA,
( )A o4 (3.14)
+ pr pw rgEX_i__pw rgAZ
EA, 2 EA,
UilZ 2T OEHREE
Uie=0 (3.15)

BlziE, HEOLEDIZTA VT —BERTM TH S
RIT-1 DA THRENTEY . pr= 1207 kg/m3,
pw= 1025 kg/m3, A,=0.854 m2, Ars=0.0478 m2,
E=206GPa, g=98m/s2, A1=20m &+% &,
i) ¢ =521 m OEAICIE, U,e=0.021 m, Toe=
9.66X 105N

ii) ¢ =2500m OHFAITIEX, Ue=0.484 m, The
= 3.98X 106N

iii) 2 =4000 m OHFAEITIE, Upe=1.239 m, The
=6.27X 106 N

3.2.3 EAFRAH
T4V —0EH FEN(B.3)AX ((3.6):) THE#E
T A AL

UX,t)=H(X)F(1) (3.16)

EBWTHEHARMY Ti. T ERoONIL,

T, -4 (3.17)
¢ f _____ \\ ’

) U .

40 |'_

T,=— (3.18)
3¢

T, el TAY—LOEBHOGHEERETHY
kA BIYXTEREIND,

EA

c= = (3.19)
p,A,

i) 2= 2500 m DFAICIT. T, =324 s, Th =

1.08s
ii) ¢ = 4000 m OHEIZIE, T, =5.18 s, Tb =
1.73 s

R L &9 Ui=const. &9 % & .(3.9-(3.11)
K I v NEFIED 0% () £— FoEAE Y
Tio 1.

T,=2m |—— (3.20)
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Fig.3.9 Tension with 5s period of forced vibration
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Fig.3.10 Comparison with a past study

Fig.3.9 1%, Fig. 3.7 IZX KT 2 7 A ¥ —fmakic
ERT 2 ENDOERBRECTH S,

Fig.3.10 . #EFH A5 E & 2)lh[2]ic L 25
RO Thd, BEMIZELS—FHLTEY,
BT I 2L — 2 — OB TE 7=,

mp
8
T
.

period [s]

30E+08 .
Z 256408 |
o 20E+08 | AR
E 15e+08 |
o 10E+08 |
(2 50E+07 | . .

00E+00 : : : : :

0 1 2 3 4 5 6 7 8 9 10 11
period [s]
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Fig.3.13 Inner fluid displacement under reson-
ance with first mode of riser
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3. 3. 2 fEER

AREBRTIZ, 727V ARONAL T2 H O THRAE
Liz 6 D T A YV — 4Bl % fv iz, Ao 33
H % Table 3.1 IZ"9, F72fl& LT, Fig.3.19
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Table 3.1 Principal dimensions of the riser models
and the natural frequencies of the internal water

columns

Unit | Model-S1 |[Model-S3 | Model-1 | Model-2 | Model-3 | Model B
Length) [ m | 2.0000 [ 2.0000 | 8.0000| 8.0000 [ 8.0000 | 1.0000
Draft(g) | m | 1.6000[ 1.6000] 7.6000[ 7.6000 [ 7.6000 [ 0.8500
Outer m | 00275 0.0275] 0.0275| 0.0275| 0.0300 | 0.2500
radius (-,)
Inner
: m | 0.0075| 0.0245| 0.0075| 0.0125 [ 0.0250 | 0.2440
radius ()
Natural
frequency
of internall Hz | 0.3933 | 0.3919] 0.1807 [ 0.1806 | 0.1805| 0.4951
fluid
column

EX8m DOFA (Model-1 & U Model-2 i (NZ
Model-3) FEBIZ 1%, & B HEHR B o O B8 o oK S 5
M~DO7 V&< TZ®, Fig.3.19 AKIZRT LD
RS & BT T 2 O fh O AR (Model-S1 K OY
Model-S2 I TMZ Model-B) 1. M8 % 3% 17 72
Motz 728, Table 3.1 (2739 PNELAKF: 0 [ A JH

Pk, K(3.36)I2 k- TRz,
| |pgmr}
Jio=7= (3.36)
2\ m,
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m1=p(mfdo+§nﬁj (3.37)
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Fig.3.19 Photo of the riser model (Model-2, Left),

side and plan views of the model (Right)
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Fig.3.20 A schematic diagram of the experimental
setup for the top forced oscillation test
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Fig.3.21 } X Fig.3.22 (. SRl B #E L & N D R
Ty va A= — R OBR N &R Lo TEF
WS A E RN y (D, AR 3K AL y-y
(D) EZF 50 5RD NI AN vy, (FX)
Ol & L CHaH B R E B %L 0.098Hz & 0.179Hz
(W TR HIEE 0.1 m)DOEFAIC OV TRT,
BB CIINEAMLITIZE AP e TH Y | RO L
FE L CTW5, —J7, %E T, SREIEREO B 5
0.179 Hz TH Y . WNEAKFEDFE A EH 0.1806 Hz |24
WV, T DS NEAKFE DR I i,

Fig.3.22 [T X Y ICHIERGEN A ST,

SN ANANANNNNRA R
- e AV VA VR YRYRYRYRVAY

T 1
0 20 40 60 80 100 120

ts]  Relative Elevation of the Internal Free Surface

€
el ANNANNA AN
2 000
5
005
Y -0.10

T T T T T 1
0 20 40 60 80
015 4 tls]
— 0104 Elevation of the Internal Free Surface
£ 005
5§ 000
€ 005
5
i -0.10 4
-0.15

100 120

T T T 1
0 20 40 60 80 100 120

Fig.3.21 Measured vertical displacement of the
model y (Upper), measured relative elevation of the
internal free surface yr-y (Middle) and estimated
elevation of the internal free surface y1 (Lower) for
the forced oscillation of the model-2 with the am-
plitude of 0.1 m and the frequency of 0.098 Hz
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0.15 = Vertical Displacement of Model-2
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Fig.3.22 Measured vertical displacement of the
model y (Upper), measured relative elevation of the
internal free surface y-y (Middle) and estimated
elevation of the internal free surface y1 (Lower) for
the forced oscillation of the model-2 with the am-
plitude of 0.1 m and the frequency of 0.179 Hz
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