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Abstract - This paper presents a study of the hydrodynamic stability of a submerged floating pipeline (SFP) under regular waves. In general,
the pipeline in water have been constructed as the seabed type using immersed method. But, according to the Northern Cyprus Water Supply
Project completed in 2015, the pipeline was installed up to 1500m of water depths using a suspended method for the offshore crossing to ensure
economic feasibility. This study investigates the behavior and response characteristics of the SFP with configurations such as buoyancy-weight
ratio, a tendon anchoring method, and incidence angle of waves by finite element analysis based on the Cyprus Project case. The design
parameters of the SFP were observed to have a great influence on its dynamic behavior. Because this SFP has small stiffness, it was greatly
affected by the wave and flow conditions, and it was estimated that its dynamic behavior and the section force must be reviewed in the design

stage.
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Fig. 1. Turkey-North Cyprus pipeline map!"
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Table 1. Environmental conditions and main properties of the
considered SFP models

Parameters Values
1. Environmental conditions
Water depth (h, m) 1282
Wave period (T, sec) 10.0
Wave Height(H, m) 84
2. For Pipe
Outer diameter (m) 1.48
Wall thickness (m) 0.08
Elastic modulus (GPa) 0.25
Density(kg/m’) 960
Drag/added mass coefficient 1.2/1.0
Draft (m) 50.0, 250.0
3. Hollow section of tendon
Outer diameter/thickness (m) 0.139/0.10

Elastic modulus (GPa) 210.0
Minimum yield stress (MPa) 482.6(API X70)
Minimum ultimate stress (MPa) 565.4(API X70)
Drag/added mass coefficient 1.2/1.0
Tether spacing (m) 500.0
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Fig. 17. Tendon motion of the SFP according to the incidence
angle (BWR=1.2, H=8.4m, T=10s, clearance depth=50m)

Fig. 17.(a)~17.(d)= 242 GArztel we VA 20343,
HPUF, T T8 B Al 54 WS UER Zlofh
Fig. 17.(a)& AWE, YA} 0=oh= th=A YA 105 9
20504 7173700] W17} SFP] ARk & sk Ao
2 LERT. of= SFPY HIEHS e o g Aoz wdd
o}, 3t Fig. 17.(d)2H 2o] A FdHAE vlas) B ARz
ofl whehA] $38, 52, T3 SFP] A Bl A
&5 0, ofi=AA Al HHEA] asfoR E ARIQI Ao &
o,

oA mEEo] B BWRO| 1.28 W97} S| &
= /JHel7] Tzl Fig. 17.(b), (o) & go] 2 1o TS|
ookt ol2igt olf= ARl wret Al TAske 54
(Fig. 182 719] ARt Aoz e

120

100

80

60

Stress(MPa)

40

20

200 250 300 350 400 450 500 550 600
Time(sec)

---0deg —+-10deg 20deg 30deg

Fig. 18. Tendon stress of the SFP according to the incidence
angle
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Fig. 19. Pipe motion of the SFP accorting to the incidence angle
(BWR=1.2, H=8.4m, T=10s, clearance depth=50m)

4. 4 &

B AFolAls SEmfo|malQlo] 2Rgsk= 2ulgol oigt
SA BA EAS 4R 07 BAEIL 229 32 7
oFeRd AAQIAR] FE-AFHI&BWR), 778A19] i@,
A 4], 9 10 ARzl st uf i Bl Tigols
o] ofgt oo} 7S] B4 A2 EABIN

(1) #2-2% HI&BWR)

1A} oo o] AR HR/AIE AXJolo] B
As= " 0 2 BWRE 1.05~1.20% WSt A 71 245
I}, SFP] BWRo| F7 1ol whet 778 9] 271742 o] vl 4]
2 37kl 7PgA 2] 4B 29-5-87 1 AAolqlrt. B
T}o] Lo S QY= OF 4~8m o, o A2 oF 25m WA
Sh= A 07 Yehygth

(2)278A) viA] H

2R wiA] ¥l w52 AE A= 778 Re} sl L 1
AP 0= X3t Shape 331 49- 48 € =4 BIQIE 7F &
Alofotd 71 943t 4352 ok A 0= VRt &3,
T2 mpol] olel] 71PgAel AYoh= 822 71A HiA] & o] wt
2} 2|tf 518-589] 35% =R AOE e} QSR Ao g
T

(3) SFP A#] =4

SEP7} =41 50mell AR =] 9k e} 250m AR = % o]
A ES BAT A, 7PgAiet mlo] I i Asfolli= ok
9] o nlulgto] ZRI= .

o my PN

=



CECDAZ

SFPe] Zolgol Wikggo R ol 48 492 YAt
7402 Aok 306 71 BishA7 b 752 B4R 2t 7]
A1) 917 QAfzo] wet SFPe] AR = Hlshe A
032 Upeh} uEgo] thet 717t Basich grele, vjolz
o] 7 SolE SEPO] HAPYFR] Wt YAfzte] 0 ol
wi%o] 7] s e vhlo] Qo] S7Rlel weha 2
wi%o] WS 202 ec. ofi= so] o] Whyste ulE
o, 3 59| vhuielo] 2 9 % Aow Ba,

4 2k SEPL oo et A7 o] 2 e i
A0 Uehir}, SFPE 45HdnH e U 457220 v
8 740] 2] vho] S-wiat /719l shege] o] 44 7
9ol B wigo] Ui}, 2 g1 SFP7HA]E Alsfelo] o
SHIHE A AT AR 48 7K T 08 B,
012 9Jaf Fol= olelet 2RAARIA] thet $AEsHA
ASEAS vitoR thel AEL B8 Uoph 0 L thy
o 2745t 20l S5 ufolatelele] AFEA R o] Wash
ok sk

2Ae 2

B e it 71E A7 MY ARINRF-
2018R1D1A1B07050335) ¥ F=ofafelr & F8AY
(PE99631)2] A€ol ofote] 4= A-+durh

Z-F3(References)

[1] Google LLC (n.d.) Google Maps, https://www.google.com/
maps

[2] Kruijt, N. (2003) Turkey-Cyprus Submerged Floating Fresh-
water Pipeline, Master’s Thesis, Delft University of Tech-

(3]

(4]

(51

(6]

[71

(8]

(91

nology, Netherlands.

Paulsen, G., Sgreide, T.H., and Nielsen, FE.G. (2000) Sub-
merged Floating Pipeline in Deep Water, Proceedings of
the 10th International Offshore and Polar Engineering
Conference, International Society of Offshore and Polar
Engineers, USA, pp.108-114.

Fyrileiv, O., Aamlid, O., Venas, A., and Collberg, L. (2013)
Deepwater Pipelines - Status, Challenges and Future Trends,
Proceedings of the Institution of Mechanical Engineers
Part M: Journal of Engineering for the Maritime Environ-
ment, Institution of Mechanical Engineers, Vol.227, No.4,
pp-381-395.

Yang, H., Wang, Z., and Xiao, F. (2017) Parametric Reson-
ance of Submerged Floating Pipelines with Bi-Frequency
Parametric and Vortex-induced Oscillations Excitations,

Ships and Offshore Structures, Taylor & Francis, Vol.12,

No.3, pp.395-403.

Dassault Systemes Simulia Corp. (2014) Abaqus Analysis
User’s Manual, Ver. 6.14, DSS, USA.

Garrett, D.L. (1982) Dynamic Analysis of Slender Rods,

Journal of Energy Resources Technology, ASME, Vol.104,

No.4, pp.302-306.

ASE, 24, 993)(2016) FE4FHS S SISH

o] fAE A5k oA, et Eatsl=1x, diRHeEats], A

363, Al63, pp.955-967.

Kim, S., Park, W.-S., and Won, D.-H. (2016) Hydrodynamic

Analysis of Submerged Floating Tunnel Structures by

Finite Element Analysis, Journal of Korean Society of Civil
Engineers, KSCE, Vol.36, No.6, pp.955-967 (in Korean).

3], 71552017) VA Lol e o5 5ol 5
2 B8 A, TR, A7 EEE, A

29, A|63., pp.401-410.

Won, D.H., and Kim, S. (2017) Dynamic Instability of Sub-

merged Floating Tunnels Due to Tendon Slack, Journal of
Korean Society of Steel Construction, KSSC, Vol.29, No.

6, pp.401-410 (in Korean).

2 oF: EaTolus AT At e] SEmlo|melole] RAEAA ATENS BAST, PAOR SFlo|melle o] 3
AN oA .2 71 Elol 0112015 B Bl ] Aol el A7) wfo| mefe] me =G Aol Ale) A BS gleh 564
Sgatolaelel Al 4 g3te] ALt AR Olek. o|o] £ lpol A Ao melA meA ) ARE Hlefo R Hel ], 1147 A i
9y, who|melel M, 113 T Amte] AZES 8 WAE slof Estolelele] AFEAS BASIGI. 1 2t S-3ujo] et
Q12 737 9 S5 200l mhebA] Be: Wigo] WAt 202 bk, Edtvlo|meiole) 74do] Aot ke ) 522740 2 ke ] W

ol A Al 54 As L G HE7F 24401 I gshrial Wi
Hgo] : ol met]l, 7, 1A, fAlE e ke




