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Summary

[. Title

Development of Stress and Fatigue Evaluation using Motion Monitering of Flexible Riser

IT. Research Objectives and Necessity

Risers which are connected with seabed and platform are one of the most important
subsea structure in producing oil and gas. However, these risers could be damaged by
many factors including corrosions or extreme offshore loading conditions. Such damage is
directly related to an environmental and an economic loss, therefore ensuring the
reliability of riser is important. Generally, risers are slender steel pipes with some of
which have a length longer than 5,000meters. For riser monitoring, sensors which can
measure the wunderwater system must be used. Therefore, specialized technique is
necessary. In this respect, Structural Health Monitoring (SHM) technique is widely applied
in bridge structures to ensure the reliability of risers. There are many fields of study
related to SHM, but 1 am especially interested in the study of ensuring the reliability of

risers by calculating the internal forces and fatigue life.

The objective of this research are (1) coupled dynamic analysis of hull/riser/mooring (2)
to develop the riser motion monitoring technique using three dimensional acceleration and
angular velocity, (3) establishment of model updating method for riser and (4) to evaluate

internal forces, fatigue life, and unusual behaviors of risers using riser motion.
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A& 3 9l

o, < Cpo,= C;C,o,

o17]4, C} : Design case factor
(for extreme environmental condition, 1.2)

o, ‘- Basic allowable combined stress = C, 0,
C, : Allowable stress factor, (=2/3)

o, * Minimum yield strength

W oeold e ey

- Axial Stress : 5382 IA F7FA9 2o 9l&]A WAy}, 9%
olsfr WA= =8H =

o] gHA Ao %83
grol A QoA WHS

Bol QoA e ehold WAVl A EYHE 27 FEA dolAe] AFOoE
A% w3, FATe Aol hE FHUF Aol WA 2o Agwh dwnHo
2 SCRY A% FAlel 2olds% dholAe] AFo] Fasts] mi] FAE AARoIA
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8ol 7H A 1Lﬁhﬁ4ﬂﬂi7%%%%ﬂ5%?@£%4ﬂﬂﬂ
go]l A= 3AYATS UYERERE JRYUE 3
ﬂ%ﬂ%@]ﬂgé_gaﬁﬂ

R
A
>,
‘><
<
A
=2,
i)
ot
ko
(2,
|m
Ll
A
2
o
o
O

ot

% M,
normnmu [y _[Z
o171 A, M _:the moment about x —axis

M :the moment about y— axis

I_:the 2™ moment of area about x — axis

rd L
I :the 2™ moment of area about y— axis

2 &58e 9 F ol A §tel 72 5 glow, g 1y 239 go] w

bending normal siress
due to minor axis

bending moment f = i
axial — ftor C/A
bending normal stress

dute to major axis
bending moment

fmax = 0.5 MDO/Ixx(: ]vv)
19 2.3 Axial Force®} Bending Moment®ol] ©¢]3F Axial Stress

axial stress
due to axial force

- Radial and Hoop Stress : Hoops Stress(f,)¢ Radial Stress(f,.)< =to]lA <] ek
ojeto =z QdafA LAE = §HolH ts A, O¥ 24 7 Zr

(P,D,+ P.D,)
In =",

7

D
fpez(P«‘_Po)—_P'
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2 radial stress

4714, P, By ¢ 247 2ol Aol gkt #lgh l
DDyt 27 WA 97 I
t

EIXIEI| stress

hoop stress

1% 2.4 Radial Stress®} Hoop Stress

- Bending Shear and Torsional Shear Stress : #}o]# o] wHo:= AdzEy) IndE
oA wIAXSH Y HEHEME oJsir HSHAGEHo] WSty b3 2 19
[e]

11 o

Zthoops Stress(f,,) ¢t Radial Stress(f, )< kol 2] Wgta} ojqtoz Qs HAYx =
Hol the 2] 19 2537 7t}

Vsinf V
— —_  ~ 2>< -
Ths = Rt Toax = e mean shear stress( yl

t}. gto]lA AT 34 Database T+

g}o] A A% @4 Database 152 &4 CHARMS3D 84 Z 23S o]&alo] o
4 zdo mE As M-S FAste] gholA o W v RS AAlste] 2 ATelA
Mdatazr sk RUEE 7ls HdF 725w &8ataa g

ol A XS A E A EFAFPSO) R, AFH(Mooring) 2d, glo]# mdS
ARz 2ean FFAel Wave, Winde| $H4 dtso] 283 W FRAe w293 ghol
Aol W AskstA @t olul Wavest Winde FERERDS o] &34 Hu o]z 3
»d FHE CHARM3D Z @ ¢ldelA gt 44 ARE thea o)
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Wy 24

- FPSO Model: & Ao AF&¥ FPSO 222 1,829m 4ol AfFsol A+ 200,000
1

DWT #= &S 7}x 1 9+ FPSOol¥, Tahar and Kim(2003)¢] €170 A& d =
a2 MM JRe oS 329 2ok

3 Main particulars of the vessel (Taha and Kim 2003)

Designation Unit Quality
Production level bpd 120,000
Storage bbls 1,440,000
Vessel size kDWT 200.0
Length between perpendicular m 310.00
Breadth m 47.17
Depth m 28.04
Draft m 189
Displacement MT 240,869
Length-beam ratio 6.57
Beam-draft ratio 2.5
Block coefficient 0.85

6.6
13.3

Center of buoyancy Forward sectionl0O m
Center of gravity above Base m

Water plane area m2 13,400
Frontal wind area m2 1011.7
Transverse wind area m2 3771.9
m

m

m

m

m

m

Roll radius of gyration at CG 14.77

Pitch radius of gyration at CG 77.47

Yaw radius of gyration CG 79.30

Turret in center line behind Fpp  (20.5% Lpp) 63.55
Turret elevation below tanker base 1.52
Turret Diameter 15.85

- Mooring lines and Riser : & 12709 AlFAlo] dAxo] Qo 7+ 3744 F 4 15

2 4o uAHe vk 2 AFA a2 9004 =R "ol o, 371 AR
7}k 5°¢] tA SR AAH ] QrhEtol A= F 13709 SCReol dAZ o] glom, Ad 4L
g 28F 2ok AT ol Ao e AR = A vt 2o

llllll

L 816

#0811 w12

SOUTH ' ] 1 % ) Riser sé }\O]‘
9. A5 (Mooring) &7
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f

Weight Cdn
S oD T EA EI
Designation dry wet
(m) (m) (kN) (kN » m2) (kg/m)
Liquid production
. 0.254 0.023 3.34E+06 2.25E+04 133.6 98.6 1
risers
Gas production risers 0.386 0.018 4.16E+06 7.06E+04 166.5 46.6 1
Water injection risers 0.531 0.018 5.80E+06 1.91E+05 232.1 1976 1.414
Gas injection risers 0.287 0.020 3.36E+06 3.01E+04 134.2 679 1.414
Gas export risers 0.343 0.017 3.48E+06 4.64E+04 139.3 446 1
EAFA 24 AP R
Designation Unit Value
Water depth m 1829
Pre-tension kN 1424
Number of lines 4x 3
Degree between the 3 lines deg. 5
Length of mooring line m 2652
Radius of location of chain stoppers on turn 7
table m
Segment 1(ground section): Chain
Length at anchor point m 1219
Diameter cm 9.52
Dry weight N/m 1856
Weight in water N/m 1615
Stiffness AE kN 912081
Mean breaking load (MBL) kN 7553
Segment 2: Polyester Rope
Length m 2438
Diameter cm 16
Dry weight N/m 168.7
Weight in water N/m 441
Stiffness AE kN 186825
Mean breaking load (MBL) kN 7429
Segment 3(ground section): Chain
Length at anchor point m 914

- A EZRA B dAFodE Gulf of Mexico X199 &g 1004, 20068 =4

o] &3] wave?}t currentE A ATt wavertd S falAE= JONSWAP A9 EZS o]
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stgom, dlA Ak A
Wavee}t Current: 7}
stz sl A 2+t (H =6,

A e

[40
o,
ol
o
e
< i
=)
o, 1o
>
L

3. Wave Condition

Designation Unit 100 yr 200 yr
H, m 15.79 16.50
Tp sec 15.40 15.70

Spectrum JONSWAP (y=24)

Direction Deg 180°

3. Current Profile

Designation Unit 100 yr 200 yr
0 m/s 2.40 2.55
50.40 / 53.55 m/s 1.80 191
100.8 / 107.1 m/s 0 0
FTEH~HEYD L2 API Bulletin 2INT-MET?] olyx] ~HEHS o] g3l on, v
2.

o 714, n=0.468
S(f) (m2s™?/Hz) : the spectral energy density at frequency (Hz)
z(m) : the height above sea level

U[)(m/ s):the 1-hour mean wind speed at 10m above sea level

oA7)1A U, 71+ &%-2 100yr:48.0 m/s, 200yr: 51.0m/s¢]t}.

rr

ZkzE 1004, 200 7] s ARl A wE As A Ades ohs 19y 2ok
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- Case 1: 100¥ =J| &l2lAHQ &Hot=S

c) Sway f) Pitch

O, 100E 719 slelael =AY el SHES SH(3AIZ)
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Max stress
: —— min stress
120 . . . . . L . i . e . i . . . . PR N mean Stl’ess d
3
o
=
&
E
[
s
Z
_40 | 1 1 1 1 | 1 1 1 ]
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Distance from Fairlead (m)
a) Axial Stress
250~ :
— Max stress
—— min stress
200;- —#— mean stress |
150 -
100+

Bending Normal Stress (MPa)

sk \\/\ /\/\,JL/\ ";\,/“\/f""\v/\ﬁ”\/\f ~/
y i
-100 - V !

T - '/\ V

-200

250 I I I i i I i i | i
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Distance from Fairlead (m)

b) Bending Normal Stress

2l 1004 =19 Sl el ALY Mol 2ol del Wt (3A12H)
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- Case 2: 200 =DJ| 5l2IAHQ &HB=

Time(sec)

c) Sway f) Pitch

O8l. 2004 =719 slelalel =HY Mol SHES SH(3AI2H)
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Max stress
: —— min stress
120 . . . . . L . i . e . i . . . . PR N mean Stl’ess d
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a) Axial Stress
250~ :
— Max stress
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150 -
100+

Bending Normal Stress (MPa)
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3. Bold Hz49 Bl E

2 AT YHOR s stolAE Rad FUEA ddse] gonE FUXY 7
@ol whebl elol AL ol A Uik olel@ ol chol A ALAQ WE A
3 2o ol AN F29

W =

WA Ql Fots s W FERES st AA Y A7I7F dESEH v XA Frdte o=
AL S WEA BA HY g =g 3 5 o oleld 3 E ¥ =1 (Fatigue
Failure)gtal 21, 525 do7|= WHE3| 45 ¥ Z 41 (fatigue life) = % 2] 3k},

Y2eYs 53t WHels mholy FA4 &4 A (Minor cumulative damage  rule),
Mansion % (Mansion method), Goodman<®] 3] 2% 2 (Goodman fatigue equation) “1&]il
Soderberg ¥ 7A12](Soderberg relation)©] thE 2 olt}. Fatz o] Azge o] w3k 7]

Al
2 ey 4 9o = Goodman«] ] Z A 2
o)
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_EEEERE

dolAe] W AL AA w7 1 swa A 457 dnadon TR & v
27 mzaAe A% SeAAG pol Fae AAZAYA we] BAIAT, 37D &
g A% A%E ojgd A4 —a—} ™
5

2E BAsE Wl AHE A B ARG A s 9
w77] sz Ade e 1y 2

er Eﬂ’qﬂoﬂ o) ej A 73 s

BAE FHopsltl HHF$H S HASE ZdS Soderberge Model, Goodman Model, Gerver
Models©] <9lth Rainflow Counting®¥-S o] &3te] &2 W3l MolF 2Bl S Ve
t} olZ A e A S| AE 1S Palmgen-Miner's rules o]&3to] ¥ 2 WS A4 3}
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Stepl : Stress Calculation by time-series dynamic analysis

A

Step2 : Mean stress correction

'

Step 3 : Stress range-cycle histogram making by

rainflow counting method

v

Step 4 : Fatigne damage index calculation by
Palmgen-Miner ' s rule

B }o] A Design Code

rom, vz Bk AR weh 2k

Oy, vz A

=]
14

- =

DNV-RP-F 204 Riser FatigueE® 1 & ¢ 9o

r
(i
)

gy el I 29U 1y Azt (DNV-RP-F204)

Task

Comment

Define fatigue

loading.

Based on operating limitations including WF, LF and possible
VIV load effects

Identify locations to

be assessed

Structural discontinuities, joints (girth pipe welds, connectors,

bolts), anode attachment welds, repairs, etc.

Global riser fatigue

analysis

Calculate short-term nominal stress range distribution at each
identified location.

Local joint stress

analysis

Determination of the hot-spot SCF from parametric equations or

detailed finite element analysis

Identify fatigue
strength data

S-N curve depends on environment,

fabrication among others

construction detail and

Identify thickness
correction

factor

Apply thickness correction factor to compute resulting fatigue
stresses

Fatigue analyses.

Calculate accumulated fatigue damage from weighted short-term
fatigue damage.

Further actions if

too short fatigue life.

Improve fatigue capacity using:
— more refined stress analysis
— fracture mechanics analysis
— change detail geometry

— change system design

— weld profiling or grinding

— improved inspection /replacement programme
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DNV-0S-F101 : Submarine Pipeline System
DNV-RP-C203
DNV-RP-C205

DNV-RP-F105 : Free Reconmmended Practice

Fatigue Strength Analysis of Offshore Steel Structures

Environmental Conditions and Environmental Loads

API RP 2 RD : Design of Risers for Floating Production Systems (FPSs) and

Tension-Leg Platforms(TLSs)

YE2eEe o5 A4S vEsof sk
Dy, © DFF < 1
o] 7] A, Dy, + Palmgren—miner Hzo g AXE T3 g2 &4

DFF : 92 2A A+

S&5w:30, TEw60, =5+ 10.0)
S-N A= Aaz 498 53 Faix=d DNV-RP-C2032] S-NarAl& g3 go
B} B o ) }
, A Tleke A FA WeeE Y ek =YWl e Bl B2, ClL CsoE 7 &
[e))]
AN
1000
R e S0 S A
~ N ST
£ o e e L e T
g B i g i e g R B P e
G =L : S ST —
& ‘ T ST T
B 0 ) e« O, i e, R 0 ] 0
2 N 4 B B R o ] B
T e e e
[ e oy e S A U N
10
1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08
Number of cycles
a3, vtt} 4o 9+ Cathodic Protection®] o9& A7l S-N A%
1 S-N d=e v #2o] 1dE 5 Ao
logN=1loga—m logAo
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Local response monitoring

Global response monitoring

Strain

Impedance

Guided waves

Optical fiber sensors

Piezoelectric sensors

Laser interferometer

High frequency responses

Applicable to Critical Members

Limited Sensing Range

Measurement

responses

Sensors

Characteristics

Acceleration

Deflection

Frequency

Accelerometer

GNSS

Low frequency responses

Applicable to Global Behavior

Insensitive to Structural Damage
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GMﬁNé%ﬂ-ﬂﬂﬁ‘#%ﬂ%7“l%%@:ﬂ%@%~%&iﬂ%éyﬁﬂ@%-?%ﬂﬁﬂ
Z-go] Brbsstth gholAd dg RYHHS &7 BY ts Ee 2k
dolAe] AMEE BAE7] 93 AdE wUHY 7& B3 24 224 W 494
ZIgeo=w  F& % F Qv FHRAVIYES SHAAL Ultrasonic,  Radiography,
Electromagnetic, Magnetic Flux leakages & “4H] ¥ 7|'HS 83l HHAH o=z o] 49
2 st Pgelth of WHE WS AuHely] Mol 4 o] BT HHHom
Zob @ 4 QAW AAZ RUHHS Brhsete] JEsgeAs 2ol F/AF 2UHY
& Br7bssttte @ade] vk m=d AnlE F&st7] fsiAds g vlgo] AR vk
Mol A e hEE, Wgs, 719719 2 F2H A dolgE o gitE PHo
2 ASRRs W BAAE AAAFel A AWl dAT GH AFHL %, BE FE
of FxaA Ae Ves d8E st AA dA fA 2 S8 AU SEel 22 AR 7
%9 WAV gonz o WAS TR Ao PAsEoldn & 4 Atk
T ZolAe] Aol wRA AAE wUE 7Y H
(Conventional Method) | (Researchin Progress)
Visual inspection Displacement
Ultrasonic ;
Radiography Me:ﬂs;:]e:;ent Straln.
Electromagnetic Acceleration
Magnetic Flux Leakage Inclination
Measurement .. ‘
Example : ‘_a"
=
Directly finds the damage Strengths Lc:‘ii;ignsi;tez:f:n?rﬁm?:;g
TUTEEIII || St st e
A Tl M= 4 golAdd v RUHY 7Rl g A57F FPToln 78 ¢
(201D A Tl M= AT AS WO 7SR S o] &3 & A B3 A7 5
glvl 9ot Aol Ao #AE s|Holats AL ok wele] AS olH HUEY
of #& AG7F A 7Y F Ay Constatinieds 2](2011)<] ?j—?oﬂ/ﬂ% 3F7E LA ¢ 257
AAE o] g3 AW E(Motion Bottle)E 7|&3te] o] F-Asli= AFE s
u, S4E diolg e siA ke Helguae] I HHAA EYE A 3 A=
5% ekt FH ol RPSEA d7ZzAE9 dgtow =g glo] Ao i3t ZUHd
A7k SR ol Aol WAFBAE RHAw 3% A&EA, 2% A £gE 24
=5 AAst TFERAleL 2ol Ao HES AURAE =&Y dolA JE FEE

Alxkat Tt
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WA b, e D
o

LEGEND OF RISER INSTRUMENTATION

& INTEGRISTICK & MOTION BOTTLE ASSEMBLY

[ |
o=t recasTicx

@  MOTION BOTTLE

[re— P [re———
e TR
L

o, 2ol ZY¥ Y Al (Constatinides et al., 2011)

Inner Barrel & Pups Joink

MSL 2079 m  Tensioner Ring

& INTEGRIpod
Mation Loggars

Instrumented Riser Joint

* Motion
Sensors

 Electronics

« Battery
Pack

* RFID

= Modem

38" & 36" Conductor (87.25 ft)

Oy, =98 ol EUvHE Al AF a8, =98 o)A BUEY Al
(Ge et al. 2014) (RPSEA, 2014)
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Steel Catenary Riser
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Floating Production System

Steel Catenary Riser (SCR)
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[f]]: [k1HU1] (7)

] = [ ] ]

where, k : stiffness of member
v . displacement of member

f ¢ internal force of member
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Lump sum basis, the prices are quoted in US Dollar.
Based on estimation for Minimum 17 days working case
Lump sum basis, the prices are quoted in US Dollar. ) Frice
Based on estimation for Minimum 60 days working case S Deserpuies’ unlt USD
1. Mobillzation -« -
Section Description Unit o i::lz::i‘;‘,lzn:“"::n:"“ HRV(hypesbaric rescue vessel) (i Siisis
i, MobllE# i Air Dive System Mobilization LS 5.000 somre (e o |
- Equipment Air Dive System Demobilization ILS 5,000 .
“seal to seal basis™ TBD Cost is
(Singapore) Sub Total Lump sum 10,000 * :-)::IL ?’?‘:‘rms :l);‘[: !f 1((1:1{3(])]"‘*:}“‘-]\ ;’Ec‘:hiﬂ}ﬁ‘ﬂ\:: ::srb E’L“[-‘) 3[5‘”;-'!;
2. Mobilizatlon/ Air Diving Crews Mobilization 12 Man 22,800 SUPERINTENDENT 1 MAN Day 2500
Demobilization SAT SUPERVISOR 2 MAN Day 4.000
- Persomnel Air Diving Crews Demobilization 12 Man 22,800 S AT DIVER T 9,900
(Shen Zhen) Sub Total Lump sum 45,600 AIR DIVER 6 MAN Day 3.600
SATTECH/ LSS 2 MAN Day 2400
3. Dally Rate Air Diving Wosking Day et LST I MAN Day 3600
for Equipments Spread Stand-by Day 1.400 ALST 2 MAN Day 2.000
Diving Supervisor 2Man Day 1500 BOMANSIT D caem) 27,000
4. Daily Rate Senior Diver 4 Man Day 2,700
Tor Personnel Dally Fuel, and other consumables cte.

For2d Wioperation. | DT 4 Mun Day 2.300 & Suiling ot full 261300 (day (3 i cntines)

based on | shift for 5. Dally Fuel b. Sailing nt regul 2m’/day (2 main engines)

Hman diving team Tender 2Man Day 950 Consumable -12m"/day - though dependant on weather

= nfting) mode at sea - 4m’/day (1 nusin engine)
Dally retc fur.diviag team 7450 Al “:m!-:.::“-m::,l' I:j.:;ﬂ::::\ engine) or as "D’ if Crane required as
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