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Abstract : Jack-up drilling rigs are mobile offshore platforms widely used in the offshore oil and gas exploration industry. These are independent,
three-legged, self-elevating units with a cantilevered drilling facility for drilling and production. A typical jack-up rig includes a triangular hull, a tower
derrick, a cantilever, a jackcase, living quarters and legs which comprise three-chord, open-truss, X-braced structure with a spudcan. Generally, jack-up
rigs can only operate in water depths ranging from 130m to 170m. Recently, there has been an increasing demand for jack-up rigs for operating at
deeper water levels and harsher environmental conditions such as waves, currents and wind loads. All static and dynamic loads are supported through
legs in the jack-up mode. The most important issue by society is to secure the safety of the leg structure against collision that causes large instantaneous
impact energy. In this study, nonlinear FE -analysis and verification of the requirement against collision for 35MJ recommended by DNV was performed
using LS-Dyna software. The colliding ship used a 7,500ton offshore supply vessel, and five scenarios of collisions were selected. From the results, all
conditions do not satisfy the class requirement of 35MJ. The loading conditions associated with chord collision are reasonable collision energy of 15M
and brace collisions are 6MJ. Therefore, it can be confirmed that the identical collision criteria by DNV need to be modified based on collision scenarios

and colliding members.

Key Words : Jack-up drilling rig, Leg structure, Collision, Offshore supply Vessel, Collision condition

* First Author : scv7076@nate.com, 055-630-9613
¥ Corresponding Author : seojk@pusan.ac.kr, 051-510-2415

- 601



Ll
1. M4 B

o =ell A e] Al AlF Aedat = b A 5
£ F7FR A Aol A SR glvk A]le]
T HEE eiA well askal 7153 7pse) AlFgAk B
s sk sk Adnlolrh. SAlE) oM &8k AlFA
(drill ship)o] v} WHEF4=2] Al 522 (semi-rig) ¥ ©re] Wl vk
FAael Aal Aol AR gls 54 itk Alw7t

A Fay A0)9 BRI} gR-Rolgon, FH ¥ s
Aol o] HeE VAN IUE N)EHS LT
A AP Aol WeE st ek 53, el A9

o] Aa FAsNEo %712 HEhiE A 20~300d A A4
27F solva
i Rz 73t
o] FQ é}%% A "shs d FAA Al FE3|oF sk
o EA}3lo]

A& 104 Eo]- A A A A

[ RN

s
A= A=

2 YA $87} A Z743

off wkeh @] oA P%S A ol wAH Eakar gl
om, Ao U] a&S A AR AR HAeks F
2~

Hjala gl Fa U e Bl X, Felouix, Fa
o AuAA Foln ARAA AAsh B4 wol B =4
Z1z5e] Aol AAH T ek ole FA 4 oA A
AUFEL FA7) A AL FgalaL, AaoAe e
ooy} whe il A HAe AR i, g oy
A Hol g diske Waa el weka 1<k aeto]

5
Aol S e A B 7k e] AL sk, At F

e FAWta ke s X8 AR A 2 Wte] 7}

F AEAA Ao w Agd azlow fFdth ol o
U A ekl B, vland Se4lo] o2 sl el Ajie]
a5 FYsks glo] Ak 7o) v Jed 5 Sl ohEol
= el vk 2 ATllM = Addel e A Al 8
2 &4 skl Wald 7 T a7 e U] Akargk
Ade) & 2 AddFte] FEde uig 72 kg H
7o s m29o] FE el A(NORSOK, 2007)01
M 2 A9 HH?%‘ﬁ% 5,000%011, TEEEE 05

MIZ UJ =8 As ﬁ”* 0}1 215} =2 9] o] 1 = (DNV)2
EOHLM 2 35 MI(DNV, 2013)S 9H&38le=
on, FEAM wiFFT S giEiAe
% Aot #AE V)Ee] AYATE ol #
At

Storheim and Amdahl(2014)= & 259 %
< dF37] Ak, v 7500E 2] A QM3 RA -
Zo| A FE ARGSHE HEo]xo FE AT HUsih
2] 2| dH o 2HE WY EE FE3-2 NORSOK(2004)o] A

&

=~ X
=0

,d
[
o,

A BFAS FA G} sl nelols FE
Aol e] FRAL 24 BFS £A ANA PPS B
o ARG EEehe] wAwe HANES AT

i)
2
N
A%}
>
2
1
4
it
:

2

o

f
B
f”
S
ﬁ
of

f
ovi
2
L
re
4
il
offt |
ols
)
L
ofj
i
2

¥, mono-pile E A A|
Y= wiste] djafA] A8kl

Lee et al.(2017) s FAFaLel] o gk 247 Aet 747 Sl
WA E B8 S B el 918kl MAIAS(Marine Accident
Integrate Analysis System)= ©|&3}lo] S5 RH® JHE )
Fo =z sh= AlEdolAe] o s WXt AN
71 frAl-TE AHESDS A& A =, A

pud

& 4z, A%, A8, AAYHE S A B}
A2EE ol gste] Abame] 915t 4, Astel E FF
ol 3 sl

= ARl Ao 3713 A RS AT
Ma et al.(2020) DNV-GL X304 A|A]&}aL U
Uz &g 715 35MI0] tigk E}ﬂ 1S 3olaly] 9 ste],
del 2o gzok 2vtk = HH* &

e AF o7 Hrpsldoh A

ot
o

oo 2

2
o
i
o
T
ox
Q_‘l'
o
Ho
o
i
=2
R
.
rlr

011*1
o REskA] e, T 9l l°ﬂ whehA

Park et al.(2020)2 53f sd%
HE A ARkWTIV)e] #lef Auk FE
2 B A *xloH“~ % ]
of tigh Byo]x HAFate 3
IL L9y (Euler)*‘ oﬂ é

sk3laL, ATE =it &
127}11 EAUE L E AHEe $, Y FE NS ¢
85491 32, DNV-GL 2 30 A] &?o}t 35MIS RHEShr] $13)
Ae nd3 91o) S 200% o) F7HA A oF G EA)
g Awshadet Aol st RdS digd WIIV &1
Bdola, ¥ X4 A nE FEETE X“?‘f\l”“ﬂ
W57 A H oz o] ol dEo] AAMA ] A7 Q)
o TR =Eds 55187 2% NORSOKO|
A AL gl 1 MIe] Sl A e Hatsich

Hle] AR APAFE ALfstas AP v sdE
k7] AR Hol|A] AbgshE dl R FE 38 7
3 BEE AHH Ay Ao, FATE 2
Mo &8 7|EaE e et 2 dAFdAE A
ARl & ¥ AwS dSshy] fste], AU 24

- 602 -



)
:lol:t
>
tlo
o
Og(:",
ol
ol
32
(o
s
i

0
>
N
)
-

T
s

4y %3 of
)
AN
_E
ft
I
o
M i r

Z Mo £ o
i
ofo
mm
=

(o

[l

r'l

i
it
o

oo ofw 32 [ oo
ob mht Loox ot
% :

N )y 2 o

2. Mz XL

2.1 MYE Ot HYX[AM
Y Af = Tk A okl HEA AREE I QL
A 1= 3709 wlorel A7 M Eal AlF 9 A
S Q% Mg PR FAEY, Fig 19 d4oln] F
Zﬂ%% Table 19} 2o} Ho| 57 F2 34,900 0] a1, 3l 4]
A AFEE = oW S (Pre-load) 21 000%01
5478 & e 74 F2 7kl T3 20
A 7] Wil 719
L R e Bl o R B ] s G
TZ M HEE Ieatdolth A9dEa
e R = e DA
HlE A SRS Z}%a’m],

==

A

V2 3H4 st (T, &4, vhghol

£ el AR AA (ol AgE ), o] 32 ok
ArTE Fasith dal = 3709 dlzolA 174
ol 93t = Eo] WAste] FAje] fAlo
%! e AEd 7HesAde] ofF Atk

RESCUE 2ONE \

Fig. 2. A typical supply vessel to carry the drilling pipes
(https://www.shutterstock.com).
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Table 1. Main dimensions of jack-up rig

Item Value
Length overall (m) 88.8
Breadth overall (m) 105.1
Depth of hull (m) 12.0
Design draft (m) 8.0
Length of leg including spudcan (m) 206.7
Maximum pre-loading (ton) 21,000
Maximum elevated weight (ton) 34,900
Chord to chord center (m) 18
Spudcan area () 380
Number of legs (EA) 3

Table 2. Main dimension of supply vessel with 7,500ton

Item Value

Length overall (m) 90.0
Length (water line, m) 78.0
Breadth overall (m) 19.0

Depth of hull (m) 8.0

Max.dead weight (ton) 3,800
Displacement (ton) 7,500
Max. speed (knots) 16
22 5 HAHUE
Ade] ol Fobebs ek A ko]l Ao, o+
ARl A& AsiA dlzol AFekls Ak, 44 A
2 $A% U= Auas A Aol 1 5
o] MAskE AgE e @ Aol ohmz, Muke] A
7b W) vk ekt A4 A1) w4l
webd A5 Aol WAE sbsAel AR, B Aol
A U FE P 2 GBe A Asisa. 2
Hel dute] FEAUAE ANT A9, A 218 ALE3,
FE A kA AFe L1, A5 145 A 85t F71
HQl RAAF F7} wE nedFa ok
E= %mw @1
where,

FE~total kinetic energy(kJ), m=physical mass of the vessel
(tonnes), k=hydro dynamic added mass coefficient (1.1 for head on
impact, 1.4 for broadside impact), v=speed of the vessel(m/s)
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Fig. 3. FE-modeling and boundary condition.
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Table 3. Hull stiffness information

Component Value
Axial area (cm?) 1.38 x 10
Effective torsion moment of 10
inertia (cm®) 17510
Moment of inertia about 5
Y-axis (cm®) 33110
Moment gf 1ner}1a about 9.15 x 10'°
Z-axis (cm”)
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Fig. 4. FE-modeling of the attendant vessel.
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Table 4. Verification of numerical calculation

Item Comparative results
. Implicit Explicit
Analysis type nonlinear nonlinear
(Ma, 2020)
Chord Chord
Collision condition center-bow center-bow
center center
. iy 4-node shell 4-node shell
Modeling condition fine-meshing fine-meshing
Collision energy (MJ) 15 15
Max. displacement (mm) 1,037 822
e —— ANSYS

TIME=.50251

JUN 17 2018
09:00:10
No. 1

SEOV AVG
DMX =1037.78
SMY =.003524
SMX =689.998

—
306.668 460
383.334

003524 153.336

613.332
76.6696 230.002

536.666

(a) implicit nonlinear collision (Ma, 2020)

689.998

(b) explicit nonlinear collision

Fig. 5. A comparison of the displacement as well as damage area

according to analysis types under LC-01.
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Table 5. Collision scenario of between jack-up rig leg and
attendant vessel (displacement : 7,500ton)

Load condition number Collision view

LC-01
(Chord center-bow center)

LC-02
(Chord 30deg.-bow center)

LC-03
(Brace center.-bow center)

LC-04
(Outside brace-bow center)

LC-05
(Inside brace-bow center)
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