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ABSTRACT

It's commonly known that there are high collisiasks between vessels and jack-ups in work condition
When such an unfortunate incident happens, not wuyld the jack-up be damaged but also drilling
activities might get suspended and economic losgesld occur. Comparing with other offshore
installations, jack-ups are much more flexible dralle a much lower degree of redundancy, but its
collision danger has not been paid sufficient aiben As a matter of fact, there is little reseamshthis
subject in our country. Based on non-liner finiteneent analysis methods, taking a 300ft jack-upguies!

by Shanghai CIMC Offshore R&D Center as an illusimmexample, one approach of assessing structural
strength for collision between jack-up and vessglsidering the initial state of the jack-up andideal
strength is put forwarded. Furthermore, the infaeerof impact parameters on structure damage and
dynamic response is considered. The conclusiohisfanalysis may be helpful to structural desigairast
collision loads for jack-ups.

Keywords. Jack-Up, Collision Srength, Impact Parameters

1. INTRODUCTION were applied normally. However, in this way key
aspects such as dynamic effects are often ignored,
Nowadays, there are about 506 jack-ups in th@metimes to the detriment of the final calculated
world, more than other types of offshoreenergy absorption capacity of the jack-up. To make
installations. And its utilization is as high as%5 things worse, the influence of initial state and
compared with other platforms. However, the riskesidual strength of the structure of jack-ups doul
of collision between jack-ups in work condition andalso get lost in the simplified process.

ships is very high. -According to the WOAD There is few research on jack-up/ship collision in
database[1]the mean incident frequency of jack- ! pIShip X
ur country as of now. Based on the non-linear

up is 0.1413, lower only to semi-submersibles, an ite element analvsis approach. one approach of
more than one third of incidents result in moderate . y PP » One app
gssessing structural strength for collision between

or severe damage. Therefore, it's necessary to ta K d shi idering the initial stat d

collision loads in consideration in basic structurd®c..P and ship considenng the initial state an

design of jack-ups. re_S|duaI strength of the jack-u_p is put forwa_rdad i

this paper. Furthermore, taking a 300ft jack-up

Compared with other offshore installations, jackdesigned by Shanghai CIMC Offshore R&D Center

ups are much more flexible and have a much lowas an illustrative example, the influence of priynar

degree of redundancy. When a collision happengarameters on collision dynamic response and

the structure only provides limited resistance tstructure damage are analyzed.

severe damage. The collision between offshor;

platforms and ships is generally a very compleX’ EA(EESQINOIESOF JACK-UP/SHIP

problem, and current researches focus on structure

strength assessment and dynamic response analysisl_he collision scenarios between iack-uos and

In the pasf2], it was generally assumed that the J P

local structure deformation was independent osfh'pS are quite complicated because a lot are

overall deformation when a collision happened an&volved, for example, the operational condition of

I : : ships, the ocean environment and the sea bed
the contribution of elastic deformation can be S :

: L : conditions. Pederserand Zhang had studied
ignored. Therefore, more simplified techniques
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offshore installation collision with analytic meth® that is, the force vector is assumed to act through
[2]-[3]. With the help of advanced computers, soméhe center of gravity. Therefore, it is always
researchemnade a research on this type of probleraonservative to use the formulas above.
with a simplified numerical method [4]. Based o L
the non-lingar finite element method,[ (lne approa 2 Character Of Jack-Up Collision
of assessing structural strength for collision Compared with ship/ship collision, the character
between jack-up and vessel considering the initiaf jack-up/ship collision is different. The legs of
state of the jack-up and residual strength is py#ick-ups around the waterline are easy to be
forwarded in this paper. impacted, not only the local structure damage but
also the global integrity need to be considered.
Besides, the influence of added mass and straén-rat
The analysis of the collision mechanics issensitivity of material can't be ignored.
generally based upon the solution of the diffeadnti
equation of dynamic equilibrium such a32'2'1 added mass
conservation of momentum (formula 1) and It is necessary to consider fluid-structure
conservation of energy (formula 2). The problem isoupling in the collision analysis, which is norigal
simplified if the initial collision duration is accounted for by the added mass now. The added
considerably smaller than the natural period of themass coefficient of ship for the surge motion is
considered motion. usually considered to be 0.1. The added mass

When determining the impact energy from atl:oefficient of jack-up is calculated to be 0.711 in

collision, the relative motion between the ship anaccordance with formulas 3 and 4 in Refs [6].
jack-up must be considered. Normally the
translation motions (sway, surge) in the horizontal Cwvia
plane are accounted for. In this way, the
determination of impact kinematics and energy CAezch =ZCMei -1 (4)
transfer during collision can be decoupled from the

analysis of strain energy dissipation in the colid \Where c,, is the inertia coefficient of an
objects. individual member,C, the added mass coefficient
For typical jack-up platforms, the ratio betweernf an individual memberc,, the equivalent added

the collision duration (t) and the natural peridd o - . : :
vibration for leg impacts (T) may be such thatrnass coefficient per unit heighty, the equivalent

dynamic effects should be involved. Normally, €2 Of Ieg per unit height, ang the equivalent
static analysis is considered appropriate providedarea of an individual member.

su[taple dynamic magnification factor (usually 1 t0, 5 5> material model of stel

2) is incorporated.

2.1 Collision M echanics

bt et gl 2L

B Jack-up/ship collision is a dynamic process, so
My + MgV, = {mg + m e (1) the strain-rate sensitivity of steel can't be igubr
1 2.1  5_ 1 2 In this paper, the Cowper-Symonds model is used
s MV =Bt Ep (ms " m”)vc 2) as material model of steel.
Where mg is the mass of ship including added
mass, m, the mass of platform including added

mass,v, the common velocity of ship and platformWhere gy is the dynamic yield stress when plastic

the velocity of the parameter of stain-rate sensitivity attainexnfr

_ _ P material experiment.
platform immediately before collision(e.g. Wave

induced), E, the strain energy (elastic or plasticy 1he accuracy of analysis result depend on the

dissipated by the shi g the sirai failure criterion of steel, which is the key point
ISSipated Dy the ship, ang, he strain energy yne collision analysis. When collision happens, the

dissipated by the platform. plastic deformation of structure become larger and
This method is used in Refs [5] now, but théarger until it is totally destroyed. The maximum

energy to be dissipated as strain energy %Iastm stralrr, when §tructur? !s destroyed !s

oyl o =1+(¢/D)4 (5)

immediately before collisiony
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of members used in legs are different, so ¢heis

chosen in accordance with Refs [5] which shows in /.
Table 1. A

Tablel. Material Of Legs

Structure Steel grade &
Chord S690 10%
Horizontal brace S355 15%
Diagonal brace S355 15%
Span breaker S235 20%
3. NUMERICAL SIMULATION APPROACH Fig.1 Outboard Profile Of Jack-Up
OF COLLISION

Studying the incident records, the jack-up status,

which incidents happen, could be divided into
our categories: jacked-up, going on location,
moving-off and in transit. The majority (75%) of
We incidents reported had occurred when the rig

in the collision and the residual strength afte as jacked-up in accordance with Refs [7]. Besides,

collision. In this paper, one approach of assessi %e majority (63.4%) of the incidents to jacked-up
r

structure strength for jack-up/ship collision istpu s seem fo havg been caused .by supply shi.p.
forward. The analyses included: Therefore, the typical status mentioned above is

studied in this paper.

STEP 1: Initial state analysis. Pre-impact o .
analyses caused by ocean environment in Normally, the striking boat is much stronger than
accordance with historical database Jack-up, so it could be assumed that all strain

energy would be dissipated by jack-up structure
STEP 2: Free vibration analyses. Mode analysesmly, corresponding to indentation by an infinitely
of jack-up prepared for calculating a suitableigid boat [5]. In this paper, the striking boat is
dynamic magnification factor. defined as a rigid body during collision. The
STEP 3: Impact analyses. Non-linear dyn(,j",ni‘%tructure deformgtion happens in the collision area
numerical simulation. ocgll_y, meanwhile, the structure far away from
collision area doesn't deform at all. The globallish
STEP 4: Post-impact analyses. Damage conditianodel is too time consuming, so the shell-beam
assessment caused by the environmental loadieghbedded model is applied in this paper (Figure 2),
with a return period of at least 1 year. and only the collision area is modeled by shell
3.1 Fe Model element. Besides, the leg is defined pin-ended at
' least 3 m (10 ft) below the sea bed [8], the hall i
The target platform in this paper is a 300FT Jaclconsidered rigid.
up Unit designed by CIMC Ocean Engineering
D&R Institute Co.(ORIC) which is to be
constructed, fitted and furnished to meet the
requirements of American Bureau of Shipping,
IMO MODU 2008 Code.

The vessel consists of a modified triangular hull
with three triangular truss work legs, each fitted
with a spud can as its lower end. The maximum
drilling depth can be 30000ft and its maximum
variable loads can be reached 2500 tons under th
survival environment in 300ft drilling water depth.

When numerical simulation approach is applie
to analyze jack-up/ship collision, it is necesstry
consider the initial state of the jack-up in theac
environment before collision, the energy absorptio

Fig.2 FE Model Of Jack-Up Collision
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3.2 Collision Scenarios wave height and can be expressed as formula 6
3.2.1vess size [10:
: Vg = 05x Hg
The size of supply vessels for all the recorded
incidents is typically 1200~11500 tonnes (6)

displacement. The average displacement of thegghere v, is the impact velocity andH the

. . 0
vessels is "?‘b°“t.3300 fonnes with 95% of thﬁ1aximum significant wave height for operation
vessels having displacements up to 5000 tonng se to the platform

which coincide with the vessel size recommende
by DNV. As a result, a ship with displacement of According to the historical database and formula
5000 tonnes has been taken as representative of Ghehe representative impact speed is given as,4m/s
typical size of vessel involved in collisions wigh which is as the same as recommended speed by
jacked-up rig. DNV and HSE.

3.2.2 vessel orientation 3.2.4 impact location

Vessels are likely to impact chord of platform Normally, the representative vertical impact
with head-on, sideways-on and stern-on, and brat@cation is chosen as chord or brace of jack-ups.
only with head-on and stern-on. The most probablgomparing with brace, chord is not permitted to be
collision orientation for supply vessels is stem-o destroyed for hull support. So it is reasonable to
accounting for about 70% of all known casediake the chord as the impact location for use in
although in about one fifth of the incidents whereollision analysis.
the orientation was known sideways-on collisio :
occurred [9]. So stern-on is chosen to be tr?’é's‘ FE Analysis
primary orientation studied in this paper. 3.3.1linitial stateanalysis

A distinction should be made between a central Structure initial displacement and stress exist
impact where the force vector is through the centérefore collision subjected to environment loading
of gravity and a non-central impact. In non-centrdior jack-ups. It is necessary to analyze initiatst
impact, some of the initial translational energyl wi of jack-up before collision analysis for its influee
be transferred into rotational energy for which @n calculation result [11].

secondary impact could result. Therefore, the 74% of incident found to h di
central impact (Figure 3) is assumed to be the most " *”° ot incidents were found to have occurred in
a states experiencing wave heights between 1m

critical collision and hence is recommended foPt )
design and 4m as mentioned above. Therefore, the

maximum permissible significant wave height is
_ taken as 4m.The 95 percentile value of wind speed
e 7 recorded during collision incidents is about 20m/s.
Ep‘ e W During the simulation of the collision scenarioe th
: . environmental loading is assumed to be acting on
b T the jack-up in the same direction as the ship impac
| P N——— Therefore, the worst loading situation for jackisp
simulated.

Analysis result are shown in Figure 4, theiahit
stress in collision area is about 30MPa, which is
much smaller than steel yield stress. The initial

Fig.3 Vessel Orientation stress of hull is only 40MPa, so it is appropriate
deal with hull into rigid beam in the collision
analysis.
From a review of North Sea collision incidents, it
is found that 74% of the incidents were occurred in
sea states experiencing wave heights between 1 and
4m. A typical collision scenario is assumed that a
ship losing its power on approach and colliding
with the rig due to wave induced motion. In this
case, the velocity of the vessel is dependent en th

3.2.3 impact velocity
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impact energy transfers into rotary energy of sway
motion for jack-up. Because the chord structure is
strong enough, there is no large deformation
occurring in the collision area. The impact energy
transfers into the joint between chord and brace,
which lead to some plastic deformation. So the
importance of structure strength for tubular joint
can be attained in impact analysis.

E;

EERRRERRRNEERE

Fig.4 Initial Sate Of Jack-Up

3.3.2freevibration analysis

For typical jack-up collision, collision for@s an
excitation will lead to dynamic effect. It is cab&
ignored in the collision analysis and residual
strength assessment of platform. The ratio between
the collision duration (t) and the natural peridd o
vibration for leg impacts (T) may be such thatFig.6 Global Deformation  Fig.7 Local Deformation
dynamic effects are involved. Normally, a static
analysis is considered appropriate provided @) Energy Transfer
suitable dynamic = magnification factor is When jack-up is collided by vessels, the energy
incorporated. absorption is as follows: the local deformation of
éHbe (dent), the elastic/plastic bending and
xtending of members, the integral deformation
sway) of jack-ups and deformation of vessels. In

analysis considering first three modes. The natur!‘ﬂ's paper,dthfe vesiel 'i assume(_j”'io be r'g'dirwh'?
period of vibration is 8.77s according to the firsf'€ans no cetormation happens. 1 he energy transter

mode calculation result for 300ft jack-up studied i in the CO”'S'O.n.'S sho_wn in Figure 8, and the Icipa
this paper. energy of striking ship are transferred to the ke

energy of hull, the kinetic and strain energy afsle

=

R ERR R RR R

The mode analysis result for jack-up and add
mass is acquired at first based on a static asaly
[12]. The simplified beam model is applied in th

Because the chord structures are much stronger
than braces, the energy dissipated due to the
deformation of the chord is relatively small at 2MJ
only, about 18% of the ship's initial kinetic engrg
The total energy dissipated by braces deformation,
which are more slender than chords, is nearly three
times that by chords.

b — Vessel Impact Encrgy — Hull Kinetic Encrgy

First Mode Second Mode Third Mode 10
0.114 Hz 0.116 Hz 0.216 Hz s
Fig.5 Mode Analysis Of Jack-Up g

---- Leg Kinetic Energy = - Leg Dissipated Energy

3.3.3impact analysis .

Impact analysis is the key point of collision S
research of jack-ups. Tie result of initial state P
analysis is used as pre-impact analyses for amtlisi
model, and then impact analysis is applied based on Fig.8 Collision Energy Exchange
the assumption mentioned above.

(1) Structure Damage

Figure 6 and 7 shows the integral and local
deformation of jack-up/ship collision. Some of
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Fig.9 Energy Absorption Of Leg Fig.11 Displacement Of Jack-Up

(3) Callision Force 1

Collision force is an important index to asstgs Ui W%
severity of collisions. The damaged leg experiences = O

a maximum collision force about 24.5MN. It is 2 2
interesting that twice impacts between the ship and
the leg are observed in a collision. The second
impact occurs due to the rebound of the jack-up and |
the subsequent catching up with the ship, which is us
also the characteristic for jack-up/ship collision.

Acceleration/ m/s*2
=
o
I
=
o
i

Fig.12 Acceleration Of Jack-Up

30

3.3.4 Post-impact Analysis

2
S

It states that ship impact is most likely tasa
s local damage on one of the legs only, but the
0 possibility of progressive collapse and overturning
. should also be considered. The damaged legs would
, lose their capability of resisting the environment
o1 as 2 s s s loading partly or completely. This would endanger
® the safety of global integrity. Therefore, a onarye
Fig.10 Collision Force environmental loading condition provided by owner
would be used to assess the residual strength of
jack-ups, together with the self-weight and
Twice impact occurs for the structureoperational loading.
characteristic of jack-ups. The initial collision

) ) . i The damaged structure during the collision is
duration (f) IS 0'865’. anq the ratio bgtween It ._used as initial state in post-impact analysis itleor
natural period of vibration for leg impacts (T) is

" . . to ensure the rationality of result. According e t
?‘bOUt 0.098. So it's obwous that the dynamic eﬁeﬁistorical database, the environmental loading is
is not need to be considered.

applied in the direction of striking vessel.

The maximum hull horizontal displacement is ; ; :
: ; Compared with the environmental loadin
about 0.88m, and the ratio between it and th P 9

Ki heiaht of iack hich gpplied in the initial state analysis, the 1 year
working height of jack-Ua/H <1100, Which — opnyironmental loading condition is relatively small

WOU'_d not lead to the g.Ioba! overturning. Thesgme structure damage in tubular joint would
Maximum deck acceleration is about i/&?, introduce high stress in these areas, but the ploba
which is not sufficient to cause discomfort tostress level is acceptable. It means the residual

persons and damage to equipment and theitrength of jack-up is sufficient to resist theday.
mountings.

Collision Force/MN

(4) Motion
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Fig.13 Residual Structure Stress 3.
4. PARAMETER ANALYSES

Impact parameters of striking ship and jack-up
Impact parameters of 3"
impact ’
orientation and bow type, while of jack-up include

are studied in this paper.
striking ship include

- N

lision Force/MN

speed, vessel

0

Penetration/m

(A) Energy Dissipated

=05mfs **+ Jm/s =+ 6m/s

0

Penetration/m

water depth, impact location and sea bed condition.

During the actual impact event, the parameters can (B) Collision Force

be combined in many ways, which means hard toFig.14 Effect Of Impact Speed On Dynamic Response

review the dynamic response and structure damag'el.ZV orientation

considering all the combination. In this paper only

the effect of each parameter on collision response The possible collision situations for a jack-up

will be assessed respectively [13]. platform leg are head-on, stern-on and sideways-on
- collisions for the chords, and head-on and stern-on

4.1 Parameter Of Striking Vessd collisions for bracing. Accounting for the waves,

4.1.1 impact speed tidal elevation and draught of the vessel, the ichpa

Th locity of striki | be differ should be assumed to occur any place in the
€ velocily of striking vessel may be dilieYen g ision  area. The most probable collision

duo to wave induced in dlffere_nt working marine ientation for supply vessels is stern-on, andlgea
CO”d'“Or!- Thre.e representative impact speed wou | passing vessel collisions are head-on. So the
be pon&de_red. (a) operat|ona_l Impact O'an.@ three vessel orientations are considered as
gcr:nc;é:iental impact 2mjg(c) passing vessel collision representative scenarios.

. . . . . Sideways-on collision leads to most severe
With the increase of impact speed, the colhsmda y

. mage shown in Figure 15, and then is stern-on
become more and more severe. The maximu

. ; . d head-on. Sideways-on collision brings more
coll!s!on force r_eaches to 30MN in passing VESS&dded mass, which means maximum impact energy.
collision scenarios, '

. . ; . CCompared with head-on collision, stern-on collision
scenarios. The increase of impact speed will lead

o - d tesults in larger collision area and more severe
more deformation in collision area, together W'thétructure damage

more impact energy. The absorbed plastic energy 1S
only 0.3MJ in operational impact scenarios, while
larger deformation of structures and longer callisi
process will be caused in passing vessel collision
scenarios.

—Head-on "=

S

+= Stem-on = Siedeways-on

[P
A\

E/MJ
N\

o = e ow o
N

0 01 02 03 04 0.5 06
Penetration/m

Fig.15 Effect Of Vessal Orientation On Energy
Absorption
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4.1-3 bOW type 6 ——250ft — 275ft ==~ 300ft

For the typical working area of jack-ups, the ’ P
mean frequency of shuttle tanker is just less than L
supply vessel, which implies the high probabilify o~ 2 - //
collision. However, the bow type of shuttle taniser 2 s
different from supply vessel, and the structure : e
damage is also different. So it is necessary to 2
research the difference caused by bow type.

2 03
Penetration/m

The chord size and structure strength is redbti Fig.18 Effect Of Water Depth On Energy Absorption
small compared with bow, so the contact area with

ship bow is nearly the same. The bow of suppl§-2-2 impact location

vessel is sharper than shuttle tanker, which will Eor typical collision between jack-ups and

result in more severe structure damage in the safigssels, the impact location is normally around the
penetration shown in Figure 17. water line of legs. Seven representative impact
locations (Figure 19) are chosen to analyze the
energy dissipated in order to assess the collision
strength in the collision area in this paper.

Legend Leg1 F——

Leg2

B legt LC1
-

) g Lcs ¥ Acat, e tC

(A) Supply Vessel (B) Shuttle Tanker \Lca L3\ ic
Fig.16 Bow Type ? Sl T

LC3B,LC3C

LC4
8 — Supply Vessel — Shuttle Tanker C

Fig.19 Impact Location

The more energy dissipated in the same
penetration, the more capability of structures to
resist the ship impact. The sequence of structure
strength is as follows, LC2>LC1>LC5>LC4>
LC3A>LC3B>LC3C. Where the strength of chord
is much stronger than brace, LC1 is stronger than

Fig.17 Effect Of Bow Type On Energy Absorption LC4. And LC2 is stronger than LC1 because it is in
4.2 Parameter OF Jack-Up th jqint of structures. Besides, the stren_gthratb

joint is stronger than the center of horizontal and
4.2.1 water depth diagonal brace.

Penetration/m

The water depth of jack-up varies greatly tsr i 8 —LCOI — LC02 = 1CO3A =- LCO3B ——LCOSC -=-LCO4 —LCOS
self-elevating characteristic. It is required bysel Tr
owner that jack-ups need excellent working
capability in several representable water depths. 3
The jack-up designed by Shanghai CIMC Offshore *=.|
R&D Center is required to drill in water depth of -}
250ft, 275ft and 300ft, so these scenarios hasto b L
researched. b am e s

s

EN

The increase of water depth means that impact ) )
location is far away from spudcan-soil interaction.19-20 Effect Of Impact Location On Energy Absorption
The same collision force will cause larger bending 2.3 sea bed condition
moment of legs, which result in the structure

damage earlier and the larger energy dissipated. ~ When jack-up is in working condition, its legs
may penetrate the sea bed and its rotational atfn

is between pinned and fixed. The rotational stgfe
from the interaction is limited to a maximum value
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based on the equations provided in Ref 8. The (3) The effect of collision parameters is
Owner may select individual values of thecomplicated. The increase of impact speed brings
rotational stiffness from zero (representing théarger impact energy and more severe structure
pinned condition) to the maximum as the basis afamage. The sideways-on impact is the most
the conditions that are reviewed in the unit'slangerous impact orientation which leads to largest
classification and listed in the Operating Manualstructure damage. The vessel without bulb stem and
So the three scenarios as pinned flexible and fixede increase of water depth will result in larger
stiffness are considered in this paper. deformation of legs. The strength of impact loaatio
ecides the severity of collision and the influente

The result imply that the influence of sea begea bed condition is not obvious.

condition on energy dissipated is little. Sea be

condition may influence on the distribution of (4) In actual impact events, there is many
structure bending moment in static analyses, babmbinations of parameters, so it is necessary to
hard to on the dynamic impact analysis result whosessess the dynamic response of jack-up collision by
stress is much larger than yield stress. So itigspl reliability approach in the further research.

us that assuming pinned condition is sufficient to

analyze the collision between jack-ups and vessels

accurately. REFRENCES:
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