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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  
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Fig. 2.3  Measurement results of true fracture 
stresses for the S150 drilling pipe (TJ: Tool 
Joint  
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Fig. 2.4  Specimen design for tensile test 
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Fig. 2.5  S-N relations under various mean 
stresses for the S140 drilling pipe 
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Fig. 2.6  S-N relations under various mean 
stresses for the S150 drilling pipe 
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Fig. 2.7  S-N relations considering mean 
stresses for the S140 drilling pipe 
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Fig. 2.8  S-N relations considering mean 
stresses for the S150 drilling pipe 
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Fig. 2.9  FE model of drilling pipe 
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Fig. 2.10  Loading cycle for FE analysis 
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Fig. 2.11  Analysis model 

 
Fig. 2.12  Analysis model 

 

 
Fig. 2.13  Calculated stress cycle 

(1) (2)

S-N

API RP7G

 
 

 
2008

VIV (Vortex Induced 
Vibration) VIV

VIV

VIV
 

VIV S-N

FEM
n f 

 
 

 

 
VIV  

VIV  
DNV-OS-F201 DYNAMIC RISERS

Sarpkaya 2)  
 

 

68

全 A3

、,'‘,＇’',＇’

q
'
i
l
2I

9

,

＇ 

•9999, 

9
9
,
‘
 

ヽ

LX 

300 

200 

＂ 

＂ 

-200 

0.25 o.,o 0.75 

回転曲げ負碕サイクル

1.0() 1. 2 5 



(A/D)max=1.29 (0.06+ r2)-1/2 (2.1) 
 

A D r

Reduced damping  
1 2%

3)

0.5%
S150

(2.1)
(A/D)max

1.26  
 

 
S-N

DNV-RP-C203 FATIGUE DESIGN OF OFF-
SHORE STEEL STRUCTURES (AUGUST 2005)

500MPa
S-N  
 
 log N=log a - m log  
 (log a=17.446,  m=4.7 )    (2.2) 
 

N=2×106  
( =235MPa )

 
 

 
2.1.2

Goodman
Goodman (2.3)

u Fig. 2.8
 

 
mod =  / (1 - m/ u)   (2.3) 

 

u T
1)  

 

mod =  / (1 - m/ T)       (2.4) 
 

(2.4)
S150 T Fig. 2.3

 
 

  
FEM

2%

VIV

 
 

2.2.2
S150

 
 

MSC MARC (2008 r1) 
3 1 m

0.1 m  
 

 
1000 m, 2000 m, 3000 m, 4000 m 4  

 
0 m, 2000 m, 4000 m

3  
 0.5, 1.0, 1.5, 2.0, 

2.5 Hz 5 0.2
0.68 3.39 knots  

(A/D)max=1.26 
S-N (2.2)  

1.0  
 

(2.4) Goodman
S150

(Fig. 2.3) T=2817 MPa  
 

  
Fig. 2.14

n f

(2.5)  
 

n=178 f         (2.5) 
 

69海上技術安全研究所報告　第 10 巻　第 1号（平成 22 年度）総合報告



 

Fig. 2.14 Nominal stress range at the top end, n 
versus frequency, f 
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Fig. 2.15  Comparison between eq.(2.9) and FEA 
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Fig. 2.16  Estimated fatigue damage per hour, 
Dhour versus overall length of drill string 
((A/D)max=1.26 from Sarpkaya and 100% 
clamped) 
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Fig. 2.17  Estimated fatigue damage per hour, 
Dhour versus overall length of drill string 
((A/D)max=1.04 from Blevins and 100% clamped) 
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Fig. 2.18  Estimated fatigue damage per hour, 
Dhour versus overall length of drill string 
((A/D)max=1.04 from Blevins and 70% clamped) 
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Fig.3.1 Comparison between experimental and 
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Fig.3.2 Comparison between experimental and 
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Fig.3.3 Comparison between experimental and 
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mode, 5 m amplitude of forced vibration) 
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Fig.3.4 2500m 3.24

5m

 
 
 
 

 
 
Fig.3.5 Inner fluid displacement under resonance 
with first mode of riser 
 
 

Fig.3.5 Fig.3.4
ui_lamda

ui_(Le+lamda)/2 ui_Le
 

 
 
 

 
 
Fig.3.6 Tension under resonance with first mode 
of riser 
 
 

Fig.3.6 Fig.3.4
Ten_0

Ten_Le/2
 

 

 

 
Fig.3.7 Riser displacement (5s period and 5m 
amplitude of forced vibration) 
 
 

Fig.3.7 2500m
5 5m

 
 
 

 
Fig.3.8 Inner fluid displacement with 5s period of 
forced vibration 
 
 

Fig.3.8 Fig.3.7
 

 
 

 
Fig.3.9 Tension with 5s period of forced vibration 
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Nondimensional amplitude of tension at upper 
end of riser v.s. period of foeced vibration with 5m 
amplitude acting on 2500m long riser 
 

 
Nondimensional amplitude of tension at upper 
end of riser v.s. period of foeced vibration with 5m 
amplitude acting on 2500m long riser modeled by 
mass-spring system [Yasukawa et.al.] 2) 

 
Fig.3.10 Comparison with a past study 
 
 

Fig.3.9 Fig.3.7
 

Fig.3.10 [2]

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
Fig.3.11 Displacement at lower end and tension 
at upper end of riser 
 
 

Fig.3.11 2500m
5m

3.2
5 10

 
 
 
ii)  = 4000 m 
 
 

 
 
Fig.3.12 Riser displacement (resonance with first 
mode, 2 m amplitude of forced vibration) 
 
 

Fig.3.12 4000m 5.18

2m
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Fig.3.13 Inner fluid displacement under reson-
ance with first mode of riser 
 

Fig.3.13 Fig.3.12
 

 
 

 
Fig.3.14 Tension under resonance with first mode 
of riser 
 

Fig.3.14 Fig.3.12
 

 
 

 
Fig.3.15 Riser displacement (resonance with first 
mode of inner fluid, 2m amplitude of forced vi-
bration) 
 
 

Fig.3.15 4000m 5.45
2m

 
 
 
 

 
Fig.3.16 Inner fluid displacement under reson-
ance with first mode of inner fluid 
 
 

Fig.3.16 Fig.3.15

 
 
 
 

 
Fig.3.17 Tension under resonance with first mode 
of inner fluid 
 
 

Fig.3.17 Fig.3.15
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Fig.3.18 Displacement at lower end and tension 
at upper end of riser 
 

Fig.3.18 4000m
2m

5.2
5 10

4000m
 

 
3 2

 
 

4000 m
 

 

 

 

4000m

 
 

3 2  
 Meirovitch, L. : “Analytical Methods in Vi-
brations”, Prentice Hall (1967). 

 

185 1999
pp.365-371
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Table 3.1 Fig.3.19

Model-2 ( ) ( )
Table 3.1

0  
 

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 (L) m 2.0000 2.0000 8.0000 8.0000 8.0000 1.0000
Draft  (d 0) m 1.6000 1.6000 7.6000 7.6000 7.6000 0.8500
Outer
radius (r O)

m 0.0275 0.0275 0.0275 0.0275 0.0300 0.2500

Inner
radius (r I)

m 0.0075 0.0245 0.0075 0.0125 0.0250 0.2440

Natural
frequency
of internal
fluid
column
(f )

Hz 0.3933 0.3919 0.1807 0.1806 0.1805 0.4951

 
8 m  (Model-1 Model-2

Model-3)
Fig.3.19

(Model-S1
Model-S2 Model-B) 

Table 3.1
(3.36)  

 

I

2
I

IO m
g rf

2
1

             (3.36) 
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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
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Fig.3.20
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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 Fig.3.22

 y ( ) yI-y 
( ) yI ( )

0.098Hz 0.179Hz 
( 0.1 m)  

0.179 Hz 0.1806 Hz
 

Fig.3.22  
 
 

 
 
Fig.3.21 Measured vertical displacement of the 
model y (Upper), measured relative elevation of the 
internal free surface yI-y (Middle) and estimated 
elevation of the internal free surface yI (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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Fig.3.22 Measured vertical displacement of the 
model y (Upper), measured relative elevation of the 
internal free surface yI-y (Middle) and estimated 
elevation of the internal free surface yI (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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~a  and phase differences 

 of the internal water column motion to the 
model motion 

84

□v□□□□□□□□〗
'三 9 9 9 ,  

] Vf\v八v〗□□□□□□〗〗v〗
二

□ 
．．．．．．．． ｛ ・・・・・・・・ •.............; •・・・ ・・・・・・・；．．．．．．．．．．．．．．； •・・・・・・ ； ．．．．．．．．．． 

： ： ： 
▼ ▼””””””・ ・ ・ ・ ・彎・・ ・ ・ ・ ・ ・ ・ ・ ・ ・會會戸會會會 ▼ "””””・ • • ; • • • • • • • • • • • • • i ・會會會會會▼ ▼ ▼ "””””; • • • • • • • • • • • • • ; • • • ・會會會會會▼ ▼ ▼ "” 

: ： • : 
~ ~ ~ ~ ~ ~、·・こ・・ ・ ~ ~ ~ ~ ; : ・ ・ ・ ・ ・ ~ ~ ~ ~ ~ : :..．．.  ~ ~ 

． ． • ： ； ： ： ； 
·············>;o·········,.-~····'··············'·············•·············· : • • :， 
........… •…~・・・・・・・・・・し．．．．．．．．．．．．．；．．．．…・・・・ '....... ......……;…~.......... 

: ： : ； ： ~ 
; ; ; ; ; ; 

； ； 
........~ ~ ~ ~ ~ ； ~ ~ ~ ~．．．．．．．．．．ト・・・・・・・・・・・・・ i

: ： : ・ ・ 
........ :．．．．．．．．．．「.......0:..........:..................... ： •~ 
..~ 
：・： ： 

; ： : ： 
▲ ▲ ~ ~ ~ ~ ~ ~ ・ ・ ・ ・ ・ 1 • • • • • • • • • • • • • • • ▲ ▲ ~ ~ ~ ~ ~ ・ ・ ・ i ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ; ・ ・ ・ ・ ・ ・ ▲ ▲ ▲ ~ ~ ~ ~ ~ 9 • • • • • • • • • • • • • 9 

: ： ： ． ．． ．．．．．．．． ~ ．．．．．．．．．．し．．．．．．．．．．．．． i ．．．．．．．．．．；.．.．.．．．．．．．．．；... ; ; 

了~・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲〇

： ； 
? ~ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲ ̀  ： : ： : 
.：・・・・・・~ ~ ~ ~ ~・・・；・・・・・~ ~ ~ ~ ~... { 

： ： 
； ： ......~..~ ~．．．ヽ・・・・・~ ~ ~ ~ ~...~ 

： 
● ● :．., 
l ~ l ~ 9,  

:．  
・ ? ~ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲ ; ~ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲ i ~ ~ ・ ・ ・ ・ ・ ・ ・ ・ • • ▲ ~ 

： 
·ふ~・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲〇~ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ▲ ; ~ ~ .. •·. •· 
： ： 
： ： 
............................. ； ｛ 

; ： .  
： 

ふ•・・・・~．．~ ~... r ..... ~ ~ ~ ~ ~...; 

：． 
l ~ l ~ l 』



Fig.3.23
(3.45) 2

 
 
 

2
2

222
0

~

I

IRI

I

IRI

I

m
VC

m
VC

a  

(3.49) 

I

IRI

m
VC

22
01tan        (3.50) 

 
 

f2               (3.51) 

00 2 If              (3.52) 
 

CI (3.67), (3.68)

(3.49) CIVIR 
 

Fig.3.23

( f~ =1 0 )

(3.45)

f~ =1 Ia~ =1 ( (3.49)

) f~ 0 Ia~ 0 

f~ (3.49)

Ia~  0

Fig.3.22  

Model-S1  Model-S3 

 
 

2
FI 

Fig.3.24  
 

IIII

IIIII

ygSym

yyyyCtAF
2
1

     (3.53) 

 
Fig.3.24 Model 1 3 FI

( ) 1/4
( )

(3.45) (3.53)
(

Fig.3.23
)  

 
||22

0 III ymF        (3.54) 

cos22
0 IIIC amF      (3.55) 

sin22
0 IIIS amF      (3.56) 

 
FIC FIS FI

1/4
FIC FIS

3
(3.49) (3.50)

Fig.3.24

 
Fig.3.24 II am 2

FI

f~ =1

(3.53)
 

 

85海上技術安全研究所報告　第 10 巻　第 1号（平成 22 年度）総合報告

ー

ー

ー

1

ー
- I I 



 
(a) Model-1 

 
(b) Model-2 

 
(c) Model-3 

Fig.3.24 Nondimensional friction on inner surfaces 
of the riser models 
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Fig.3.25 Measured dynamic tension on the top of 
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Fig.3.26 Residual dynamic tension on the top of 
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Fig. 3.27 Nondimensional friction on outer surfaces 
of the riser models 
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Fig. 3.28 Friction coefficient for the inner surface of 
the riser models as function of ReOS 
 

 
Fig. 3.29 Friction coefficient for the outer surface of 
the riser models as function of ReO 
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