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Determination of Dynamic Free Span Length for Subsea Pipelines
with General Boundary Conditions
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Abstract [ Subsea pipelines are exposed to several potential risks of damage due to corrosion, soil instability,
anchor impact and other hazards. One of the main risk factors for the safety of a subsea pipeline is its free
spanning. This paper examines the safety of subsea pipelines with free span under axial compressive load. The
variation of allowable lengths of dynamic free span is examined for generalized boundary conditions. The free
span is modelled as a beam with an elastic foundations and the boundary condition is replaced by linear and
rotational springs at each end. A dynamic free span curve is obtained with a function of non-dimensional
parameters and can be used usefully for the design of subsea pipelines with a free span. A case study is carried
out to introduce the application method of the curve. ’

Keywords : subsea pipeline, generalized boundary condition, axial load, dynamic stability, allowable free
span, non-dimensional curve

1L.M B

ol M RS FYstE Frllae SUsiE 7}

sjdelr gatE A B 7128 4 =E 71E A3
AR FE3te A dolzelle AAH L 4P
Aozt ZAH] 3}, sjAgo]Zelole Hfut 7hxol
x££ 2L U8 fAE Fo3hs Foo=Es £
L3517 AMHI T kA 44 58 $4E) 98
TE2E Aeto] o] §57|= st 2AE ol g9
T BAEPIN FE3jor B ol AT Zeild) <
T FEol B BgFHolx A Helth £ ale} 2

2 HF{E B F53le 9L A7 A
FTast 2] Ut oln] A3 =4 A9 3o
FEA ADIEE THIE FReE FATo|zE]
o] dAj=o] gler] 3 trrt AT Ao
az sjAstel LRl §4F sto]Zeijle] HiE B
o Eegl 7 :=EHo JleEz 24 R IEE A
E4E 4 7ol diiF ez gt B3] sjAgelx
AL = EiFet 22 JHAA HIEF aclold
dx, AEET 2L 2313 8 o) 1 P

IS FN S 3 Y0 ¢-F e Division of Ocean Development Engineering, Korea Maritime University, Busan 606-791, Korea,

hipark @kmaritime.ac.kr)

-181-



8-S 7FsAE Aot sixgelzalkle] Ak obgs) B
st TRjsiol & o arEE BEy s)Ed g X
He] 3E 8 (scouring)o| T},

Aol Zelels) o] HBRY0] S sholx
PE Fe BE T AYY Lot e 2147

ol ARt SR ol ZeElRle) A}RTAZkS Ak o)
o= sojxERle] BFAsIAY gt g ojFolA 3
A il FARE di= UEld 5 ok Af7A7k] o
A3Hd molzeRle 7 T FANFS viE B &
Ao dx T IFo o8 FEge R ol5a F
Aot T3 A7) ZAEE so]zagle] Yo
A FH-8Eo| 3 E-3HS 28 Hol 3d FE
At EF go]X FHo] fEo= 3t dFHE
(vortex shedding)®] Yol ol elele] AEEA H
o] 2 a3y} TAE 5 ik

spolzR1e] AT S A FHe M 53
Ao R vz 4 ot WA FFEL so)=alle) 2}
Fr7A7to] AFo = Qe X Fo] LAEIHE uf, Fol=
2Rl 27}g-eo] WA g2 1 FEZolg AR
sk Folth. 53], AY A/t BE, dol==Ela
E (hydrotest) ¥ I&& 7R 7Vl B B3Y
< 0% 9 FHFE A3 FWE (vortex shedding)e] A
TS AR IR FE AF vk FRlo]
A kg A7) H8olg AHse Aotk &}
FATLE 23T dele 33 2 54 58378 BEF
At 1 FoA e AL A3

golzelRle] F3 277 Ttk A7 98 71K
DA HZE oo} h=tl, WA TolL Fuo]a) 2y
3k e #3 A7 FR/E ol EK(Tsahalis,
1983, 1984; Jacobsen et al., 1984). ©15 ATE AFAT &
A7) AR e F B mEgle] BR) fA1e] 53
Aol Tt 23 g5o] sit) =3 Auke] EAdo] e =}
Fr7A7re} WY, 88, ZHE W3] Foll 3 AT (Hetenyi,
1946)8 TAZ 31 AR7371] 75l Uigt a7 =
o} F-o1% o1 (Hobbs, 1986), UWHElE AAZAE 24= 7%
ol tigh A7t Aolg Ashe WRE AX =itk 5,
1996; 4} - 7], 1996; Park and Kim, 1977).

BXE A Te|Zelle A HPS o|FT g, T
el Erie gEFHont gEe v k. 22 8
Aol xelRle] ZH-{7A7k tigt dif-Ee] Arele &
8] A7E FAlsln gFo gt 53] ¢&go] &
£ e AR 5HEHolE &Y F ' 81319l

Lgisl]

HEEZ olF 3T ot ok v uh(1998)y &Y
Hhe sjAstolzelle] sl Unlsle AA=AE 7
] A AR sk e AAE.
TN GFHo] 283 si-sto)Zeleldl o)

2. 8 X dzie) o| @4

AFALY AL 22 8 YeiMe dEds
(vortex shedding)®] XEe} A{7A7 e LHAFSS]
olg ZA 3= Aoltt. FEE A% AR 2
T ol BoHe 24 FX%(reduced velocity), V;

9 Feolnt,
2ny
V,= o.D M
A7 o AT THAFSF
V. /E &x
D: spo|x 917

FA ] B 9% A7) AFL A F A
FHE U= 5 At F, F-59FKin-line)e} AFH H
o AT (cross-flow)e] ZFo] Ut o] FojA
Bl FZER] JFe] gojzEele] vzwlad F8 9
T VN ER Azpige] 2F0] go|zelRle] FA A
783t A a2E. 5 £ F7B1 A 50 gk
o] 5 A=} B, AT THAEST) 5HE AT
a8} ZA =] TR g A7t gt g 5
of ZzpER] 25 TS Ao AAsl] Slsia gut
o g ZIAETE 35 o3 FAI3THDNY, 1981). 0] &4
< 2 (10l 2834 AE A5 ARE0 2RRT
Foke] BAE T 2o] B & Aok 5, 1996).
m,,z%;—g @)

(2) 2& ARAE T2 Q3 veo ZHE BEY
g A= AR ARAETY FAXE vehih

AAZ AR RATTE FEATE, 2 Fo
Mz 7P AL AR 1A IBREY IRESFT H =
DS O e AR0EFE ) 248 A%

L.
=

-182-



Qe AAzAL 2 AAR]zAA) FA AT 2R ¥

o2 NS Bk tebd A6 @ Do
A 5 Y 38 PolE Y] 9 clefe) ol

4 ANE 13 AERET TR () 42 BEe)
£ 2¢ gen.

2.1 3XY U o] & sy

Gtz o g slolzeRle] ZHF7E7to] WS =d, 1
G A Fe @71z 3 Féro] Ha, ol
o] e-71%E Fig. 19} Zo] ARFATE Booe] A8
% 3P Axgo g wdy & 4 gk WY Jxe] &
A9 (elastic modulus)’} k(N/m?)°)3L, Sto|Zelgle] F
A0 EI 2 5719 A= A, A The Al
ZTHHeteny, 1946).

A = ( Zlcé} )0.25 3

R Y 2 ket S 2EPA ks HIA
T2 A2} k2 018304 T} Lol 72 4 Uk Heteny,
1946).

= k/(2hy) @

ky = k/(403) ®)

Fig. 19} Zo] Ao)7} L2 219 o] ¥ 2 3
A szl o) F&Em RAe] Huike] QtEslFo]
FA AR Zolol] 2H 7d £XH 8150) ZL3H, o]
FA9 4 gy Pg e g3 2

o’ 2’y 3

7.
22+ P L e mS s =
axz( ) o R

7N, Y, = AR F0e] TeEA SW ¥, m
P= 3ol TRl g3 & gy, N

6

m="2 Zo|F FAAH, kg/m
=E3X3E N/m
T
ICZ 'Z,U(N/m) ]CZ
P CTSIITIITR" . p ey
]Cf kf

!

Fig. 1. Simplified beam model on elastic foundation.
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Unit: mm

@ Steel Pipe
External corrosion coating

B3 Concrete coating

Fig. 3. Cross-section of pipeline.

Table 1. Pipe properties
7 ¥ W=
o)z o] BA 2.07x 10" (N/m?)
so|ze] W 7850 (kg/m’®)
so|ize] 97 0.762 (m)
5 spolze] A 0.0175 (m)
sho]xze] g 2x)EHE 2.837x107 (m®)
SRBAze] AT 940 (kg/m’)
e A 0.0035 (m)
Ezzmzlee] UE 2300 (kg/m®)
BEEEDIOR) 0.07 (m)
ol e 1025 (kg/mS)
Fig. 2. Relation between ¢, > and A. sjojze] 58738 3.0013x10° (N/m?)
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Table 2. Scil properties (k)
7T . -

Rog AE Xyt 10° (N\/m?)
A8 AFRE R)uk 10° (N/m?)
Table 3. Current profile
FE &
s 2.06 (m/s)
-10 1.54 (m/s)
HAHE A 1m 1.54 (m/s)

Al2=He] T e HAET Table 12 HolZElR] A
2"lo] EMXE Jehlv, Table 2€ EF] £7d o
€ ke VeI Jln). SR B9 R E3EEE
siFoant 288k ez Fe3HA gtk 7Kg
31t et FYUHE-88L FolxY e AN
o}t EYe] FFE DnV EuAd QA dEd= 74
Hof tkar 7Fg85t. 18]3L Table 32 2835 4
Aol e ZFEEE YERN I = £ A 4
Ae 7Y £E8 1.54m/s)E Tt

YE8E u2% siA o)zl T4 X580 F
e gL e 2o

@ 4 o251 ¥ 9-F4WZ(vortex shedding)dl] 2J%
A5E A & Jde 13 Z2 A/FIFTFE 7o

2nV

o= 325 = 3.04(rad/s)

@ 4] 8)° 93t r29] Arighe A4kgr)
(A = (<P + P+ 4m@’ED)/2EI = 0,056

) = J(P+ PP+ 4me®ED)/2E1 = 0.085

® FAYs pE FAH3o

k 0.25
B= (797) = 0.203

@ 4 (18)& )83t FALHES £1,8 AAH
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