Ship collisions with cvffshore platforms
have been identified as one of the possibly
major hazards in connection with production
of hydrocarbons from offshore platforms.

For analysis of probability of ship - plat-
form collisions,
based on computer simulation techniques.

regaxding collision with off-take tankers,
are discussed in the paper.

Deformation characteristics and energy ab-
sorption of ship structures subject to col-
lisions, are of major importance for a pro-
per prediction of the impact forces. Such
investigations are included in the paper. A
simplified, theoretical calculation model is
outlined, based on large plastic deforma-
tions on one of the sides. In this way, the
relationship between impact loads and in-
dentation deformations are obtained.

The impact resistance of concrete as well
as ‘teel platform main members subject to
ship collision is discussed.Various modes
of energy absorption in the platform struc-
ture are studied. Ricent tests on lucal
denting of models of tubular members of
steel platforms are described.

| For a concrete column the shaft strongth
with regard to punching shear failurc and
bending failure of shaft wall is compared
with the loads likely to be imposed Py o«
supply ship in sideways collision.

1. INTRODUCTION

Offshore oil activities involve several
types of risks. Collisions between o sLip
and an offshore platform is one potential

a new approach is presented,

This methed and a summary of results to date,
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accident that has caused considerable con-
cern. In fact, a survey of major accidents
occurred to offshore structures during the
period 1970-79 indicates that collisions
represent one of the more significant risk
contributing situations. Although the con-
sequences of most offshore collisions have
been minor to date, a ship collisien is po-
tentially an accident of highly sericus
character.

The event "collision" is characterized by
the probability of occurrence and the in-
herent consequences. These must be regarded
in relation. Major collisions endangering
human lives, structures and environment must
have low probability, while minor impacts
occurring frequently must have small conse-
quences. In principle, a collision evalua-
tion should take into consideration the en-
tire class of collision events, determine
the probability and consequence associated
with these events, and compare these with
acceptance or design criteria. However, such
& procedure will be very complex and in prac-
tice not very feasible. Instead, a selec-
tion of "design accidents" are defined as
basis for the analysis.

It is important to realize that the proba-
Lility as well as the consequences of colli-
sions are affected by several factors such
as traffic monitoring, navigaticnal aids,
field lay-out, platform tepology, design and
fendering, operational limits, size and man-
ocuvrability of the vessels, mooring equip-
ment ete. Consequently, an acceptable safety
level with regard to ship collisions should
be attained by a well balanced and adequate
cempogition of the various preventive and
protective measures available.

As far as the risk of collisions is concerned
the marine traffic may be divided into three
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groups:

Buthorized vessels scrvicing the in-
stallations

i}

ii) Tankers for offshore loading in the
area
iii) All other kinds of by-passing ships.

This classification of ghip traffic indicates
that the nature of causes as well as the con-
sequences may be guite different for the
various groups. The most severe potential of
a collision is associated with large merchant
vessels or tankers running into the instal-
lation at full speed. On the other hand, the
probability for this is small, thus making

it rather unreasonable to design the struc-
ture as being capable of directly sustaining
such a large collision leoad.

The most freguent type of collision is im-
pacts from authorized vessels which operate
¢lose to the platforms. Loweve:, in most
cases the conseguences appear to be small
concerning the structural safety of the in-
stallation.

Veritas has laid down the following guidance
for the design of offshore structures against
ship collisions. The following cases are
considered:

i} Operational case in which no damage
' is allowed to occur
ii) Accidental case where local damage is

accepted, but without collapse of the
platform or major parts thereof.

The size of the impacting vessels is to be
determined on the basis of the size of those
vessols intenced to operate in the area.
Nermally a supply sessel of 2500 tons dis~
placement is used. The speed of the vessel

is frequently taken as 0.% m/s in the opera-
tional case and 1.5-2.0 m/s in the accidental
case.

Although the criteria for certain types of
collision loads are relativelr specific, the
knowledge of the structural response of the
installations a&s well as the behaviour of the
impacting vessel ic rather ;parsce. To this
end, Veritas hasg been conducting « comprehen-
sive research prolect in oi:drr to improve the
knowledge of impact loads, probabhility of
collisions and structural betaviour as well
a@s absorpticn and distributri-n of the initial
impact energy. Tne final ohjcztive is to de-

velop more realistic design criteria for im-~
pact loads.

2. PROBABJLITY OF COLLISIONS,

Various methods are available for predicting
the probability of ship collisions. NMI has
conducted a rather extensive study related
to the installations in U.K. waters /2/, in
which the collision probability wag esti-
mated for various categories on the basis of
recorded incidents, safety zone infringe-
ments, analogies with ship encounters and
striking of other fixed objects (light ships,
buoys} etc.

Evidently the risk of collision with by-
passing vessels is closely related te the
density of the t~affic in the area. Flatforms
installed close to typical shipping routes
will be more exposed to collision. In fact,
the pilots tend to use them as navigational
aids, thus approaching quite close tc the
installations /3/. As for the particular
cagse of tankers involved in offshore loading
operations the accumulated experience in the
North Sea context is rather sparse and the
majority of the methods menticned above can-
not directly be applied. Instead a new ap-
proach based on simulation techniques has
been developed. The procedure has been des-
cribed quite extensively elsewhere /4/5/

and only a brief description will be made
here.

Obviously a complex variety of causes lead-
ing to a platform/tanker encounter exists.
Considerable insight may be gained by ap-
plying the fault free method. However, it is
an almost impossible task to evaluate the
total collision probkability accuratly, taking
all kinds of human and technical failures
into account. Thus, when performing analysis
of the probability of collisions it is r.a-
sonable to consider idealized situaticnsg
initially. -When experience has been gained
from the idealized model, one can thence
proceed with a more sophisticated model.

In the present analysis it has bevn assumed
that the tanker encounters a critical fai-
lure when apprcaching the loading buoy.

Such a failure may be loss of propulsion,
lock of rudder in the instantaneous position,
blackout etc. After such failure it iz as-



sumed that no effort is made by Lhe crow o
avaoid cellision. The path of the tankoer aftoer
failure will be influenced by the extornal
forces acting on the ship, e.y. wind, waves,
and current, wosition, velocity and rudder
angle at failure. These factors can hbe coi-
sidered as stochastic variables.

If F is the event that a critical fa.lure
takes place and C is the event that a cci-
lision between the tanker and an offcheare
platform occurs, the probability of «nili-
sion is:

P (C/F) - P (F}

The magnitude of P (F) must be determined on
the basis of experience failure data. P (C/F)
is the conditional probability of ¢ollision
which will be determined by simulation. By
calculating P (C/F) for different arrange-
ments of platfcrius relative to the buoy it
is possible to choose the "best" arrangement
if P (F) can be considered invariant in this

context.

The method is illustrated by Figure 1. A
critical failure has been assumed to occur at
a distance of an offshore platform. By simu-
lation and numerical integration the subse-
guent path of the tanker can be determined
and its intersection with the circle through
the platform can be calculated. Realizing
that the path is influenced by the above-
mentioned stochastic parameters, the angle of
intersection (¥) will be stochasti. and de~
scribed by the probability density function
Pg - By performing repeated (Monte Carlo)}
simulations thi: probability density function
can be determined as a function of the dis-
tance at failure to the loading buoy.

The coenditionel jonbability of collision is
indicated Ly the hatched arca in thoe figure.
Assuming Lhat ¢ tanker heads into the wind,
the density funciion of the distance at fai-
lure can be dorived from the velocity pro~

file of the t--ker and the long-term dis-
tribution of tl.. wiid. In this way it is
possible te {13 'ne total conditional pro-
bability of colli<ion by numerical inte-
graticr over Lo ntire domain of failure

distancoes.

slation solves the differen-
¢hip wotion as described
general simulation pro-

The numerical i
tial equation= o:
in /6/ using th.
gramme GASP TV.

The numerical toechnique oullinced above has
been used on a number of spocial situations.
Consider the situation shown in Figure 2 ,
where a tanker is apprcaching a buoy on a
course very close to a platform (§ = 159).

In the figure the prcbability of collision,
P(r)related to critical failure at a distance

r from the buoy ig shown. As one could ex-
pect the collision prebability has a peak
when the ship passes the platform. The curve
is based on calculations carried out at a
number of points each representative of a

10 minute interval.

0y

For any wind directicon 6 a similar curve can
be determined. Based on such a set of curves
it is possible by simple integration to com-
pare the probability of collisicn p{8) for
different directions. For the situation shown

"in Figure 2 one gets e.g. the following

values: g p(@l
15° 11.7-10°
105° | 4.4-10*
195° j.10°

&s one would expect, these figures show that
a course of the tanker close to the platform
is more dangercus than -a course farther away.
when figures such as given above are known
for all wind directions 8e[0 ;360°] and if
the long-term distribution of the wind is
known for the site, the relative probabili-
ty of collision P(C|F) can be‘computed. In
the case presented above one arrives at the
following result:

6°10 °

P(C|F)
using the wind rosette probability distribu-
tion of the site.

Although only the relative probability of
collision can be determined by this method
the simulation technigque used herein seems

to have promising potential. An important
aspect is that it is possible to find the
most favourable position of & buny relative
to the platforms. The buoy rhauld, as expec—
ted, be placed on the main leecward side of
the platform. However, the cptimum and safest
location is much more difficzult to assess
when there are several prevailing wind direc-
tions and many ncarby platforme. For such
cases, analysis of the sort cu:ilined above
are recommended.



Precently Veritas is developing an inter-
active ship simulator /7/ which will provide
an efficient means to include the influence
by the ship pilot. Begides studying the col-
lision probability, the simulator will be
well suited for simulation of selected cri-
tical situations with the purpose of inves-—
tigating manceuvrability requirements to
tankers, alternative avoidance manocuvres,
time margins, requirement to tug assistance
etc.

3. IMPACT ANALYSIS

A consistent design for impact loads requires
a study of the collision mechanics ful
filling

- enerqgy conservation

- force egquilibrium

The kinetic energy of the impacting boat has
te be transferred into elastic and plastic
deformation of the ship and the platform

structure itself including possible fendering.

In the case of an eccentric collision some
of the energy may remain as rotational kine-
tic energy cof the ship after the initial
stages of collision. This is discussed by
Costa /8/.The energy conservation law may
then be expressed as

E =E +E + E

k b P £ * Er

Ek = kinetic energy of the boat immedi-
ately before collision

Eb = energy absorbed by the boat

Ep = energy absorbed by the platform

Ef = energy absorbed by fenders

E_ = rotational kinetic energy of the boat

For design of an unfendered structure the
worst case is o central impact which means
that the line through the centre of gravity
«f the ship and the point of contact coin-
cides with the direction of the ship move-

LOnv.

“nis climinates the two last terms in tho
prececding eguaticn and inserting Ek=5mv
wir ronisln with

L el = E + E
o) P o)
in
m = mass + added mass of the ship

Vo= impact velocity

With known lcad-deformation characterictics
for the boat as well as the platform, it

is pussible to calculate the energy absorp-
tion to maintain force equilibrium for &if-
ferent load levels by integrating the area
below the respective curves. This procedurc
reveals that in a collision situation parts
of the kinetic energy of the vessel has to
be absorbed as strain energy in the colii-
ding bodies. The amcount of energy to be ab-~
sorbed is determined by the impact geometry
chardcterized by the relative orientaticn
of the colliding bodies and the location cf
the contact zone. Thus, there exists an in-
finite number of possible impact situations.
To consider all possibilities is not fuan-
ible. 1nstead, it has been common practice
to study a number of simple and idealized
situations.

The assumptions above are valid for colli-
sions against fixed structures. In fact,
some of the impact energy will be transfer-
red to kinetic energy such as vibrations in
the subject structure. For collision with a
floating or buoy-type structure the global
motion of the structure itself may as well
become significant. The amount of energy to
be absorbed is given by the expression:

v
2
(x - 2
_ 2 o
By = v,
L+ 2
where m, is the mass and hydrodynamic added

mass of the hit structure and v_ is the ve~
locity of the structure at the instant of
compact.This formula is also valid for an
artjculated column m_ is replaced by J/,?
where J 1s the m:mon% of inertia incluaing
hydrodynamic added inertia of the tower
about the universal joint and v_ is the ho-
rizontal velocity of the column at water
level. z is the distance from location of
impact to the universal joint. The formula
been derived on the assumption that the
¢nternal forces (waves, meoring,
can be neglected during

has
effect of
buoyancy forces cteo)

the impact. Depsioing on the phase lag be-
twooen the wolocition and the mags ratio, the
encergy Lo bee abcarped will differ from that
of & [ixud strusture. Eepecially for floating
gtructurces of & certain extent in the wave
direction this iy pe true.

1t appears that if the bsdics have cpposed
directions of wv. lue.iny, situations may arise
where the amount cf cnergy o be aébsorbed may



exceed the winrtic energy represented by the
vessel .

The precectiry o doaderations arce velid irre -
gpective whether the energy is absorbed by
elastic or plastic deformation of the bhedies.
50, if the ferce-deflection relationship for
the type of lcading for each body involved

is known, 1 oeasy matter Lo estluete
the maximum lou? developing and the extent

of damage.

Impact velocit

The kinetic en:rgy is proportional to the
second power of impact velogity which clear-
ly emphasizes the significance of deter-
mining this maonitude with good degree of
confidence.

cannet discard the probability
may run into an installation
at full speed due to negligence or lack of
experience ty the bricgye cres. Whilst this
may be a likely cause of collision with a by-
passing vessel, this possibility is judged
to be much smaller for dedicated vessels
{bexvice vessels, tankers for offshore load-
ing) as the crew will be aware of the pre-
sente of near-hby platforms. Therefore it is
not considered reasonable to design for the
large kinetic energy of say a tanker at full
speed. Instead the probability should be
kept at a low level by defining adequate
preventive measures.

Evidently cre
that a vessel

Various authcrs have proposed /9/10/ to take
a supply vessel, drifting sideways in a gi-
ven sea state, as the design basis accident.
In the steady state condition the wind and
wave drift forces will be balanced by the
hydrodynamic resistance forces. In addition
the vessel will excert sway oscillations
with the same frequency as the waves. The
instantancous magnitude of the sway velocity
will ke norxsally distributed. Assuming the
prcebability of hitting a fixed structure
being proportional to the velocity, an ap-
Froximate probability distribution may be
derived.

In Figure 3 the cumulative distribution of
impact velocity in different sea states 3.
shown for a drifting supply ship with dis-
rlacement. 2500 tons. A reasonable critericn
is tu select the veldcity associated with
5 1t appears

51 probability of being exceeded.
frem Fig. 3 that a design velocity of 2.0
w/e cerresponds to a sea state HS=3.5m.

Ixperience has shown that this sea state is

al-ut the worst sea state for supply boat

cirerution.  If the long term distribution
of the sea states is known, the velocity
Loty daluc be related to a long term probabi-

lity of being exceeded.

Opviously it is far more complicated to de-
termine the corresponding impact veleocities
in the case of buoy-ship encounters, as both
structures exert motions. As previously
stated the relative phase lag between the
sway motions is very important. The energy
that has to be absorbed may be several times
greater when the vessel motion is in opposed
rhase with the bloy motion, compared with
the in-phase motion. While it is reasonable
to anticipate a relative small phase lag

for the buoy type of structure, the phase
lag may become greater for floating struc-

« tures of larger extension.

4. IMPACT DEFORMATIONS OF SHIPS

Knowledge of the deformation characteristics
of ships in collision is fundamental for a
proper prediction of the maximum total load
as well as the development of the contact
area.

Several previous projects have dealt with
the energy absorbing capacity of ships in
major collisions. However, much of the work
has been directed towards the safety of
nuclear vessels. An empirial correlation
between resistance to penetration and energy
absorption of ships was derived by Minorski
/1l/ .However, the formula does not assess
the force development during indentation and
analyses of low energy cases, such as corre-
sponding to supply vessels in collision,
showed a wide scatter. Generally more damage
was created than indicated from the striking
spreds reported.

A promising approach to this problem was
reported by M. Rosenblatt & Co. Inc. /12/
who made a comprehensive study of the struc-
tu:al damage of tankers in minor collisiocns
apqelving plastic analysis methods.

Ad.pting similar techniques Veritas has de-
v luped a computer programme capable of de-
tirroning the relationships between the force
erd jndentation of the ship side. The calcula-
tivns are based on a static approach accoun-
ting for plastic deformations only. It is
«'raed that the hull is equally indented
vver tre entire ship side by a infinitely
#1110 obdiect. Thus all dynamic effects in-



ciuding pessible flexural hull girder de-
flection are neglected. The impact load act-
ing on the ship side is determined for varij-
ous degrees of indentation acceording to the
membrane tension force of the ship side,
deck and bottom and the plastic buckling
load of the deck, bottom and transverse
frames.

Due to lack of data from real ccllisions

the model has been compared with several
scale tests with a vertical, infinitely
stiff bow indenting the side of differcnt
ship models measuring the static relatijion-
ship between load and deformation /13/14/.
Example of a load-penetration curve recorded
in these experiments together with the cor-
responding calculated curve is shown in

Fig. 4. The point R indicates where rupture
of the ship side occurs. Beyond this point,
the impact lord drops dramatically due to
disappearance of the membrane stresses in

the side. Comparisons of the calculated and
recorded load-penetration curves reveal that
the magnitude of the impact load can be rea-
sonably well predicted by thecretical means.
However, discrepancies exist at several
points. These are due to various reasons.
particular there are uncertainties regar-
ding some of the predominant parameters of
the theoretical model, such as the collapse
load of the transverse frames, the rupture
criterion and the membrane tension forces in
the side.

In

The model as outlined above has been applied
in a study with the objective of obtaining
a "catalcgue" of the deformation behaviour
of various ships representative of thuse
operating on the oil fields in the Nurth
Sea. In this investigation tankers, supply
vessels and Larges of various sizes arv as-
sumed to be hit by a vertical, rigid cylin-
drical column. The three column djune.tors
studied are D=1.5 m (typical for & jacket
structure) D=10 m and 20 m (the lLattor re-

presenting towers of concrete aravits plat-
forms) . When interpreting the reooolis «ne
should be aware of the shortco:in. - f Lhe
model as stated atove. The force woroue-
ments should be considered as andsocat:oas

on the order of magnitude. I'i=go T di: pluys

the results of one such calculation. 'lh
force-indentaticn relaticnships for collziion
between the transverse frames are presented
for a supply vessel of 3200 tons displace-
ment and for a tanker of 12B8.000 dwt. Gene-
rally, at initial contact, the force depends
heavily on the buckling capscity of dech,
bottom and transverse frames in tlio contoct

zone. At further indontation the membrane
tension forces becouce predominant in tan-
kers, causing only minor deviations between
the curves rcl.zin: ‘o the various celumn
diameters. However, for the small column
diameter of D=1.5 m rupture of the side
occurs at an early stage of indentation as
there is no direct contact between the col-
umn and nearis 0w .ecerse frame resulting
in smaller exrtcnsion of the plastic defor-
mation. On the octher hand, the indenting
column diamet.r bocomes a more important
parameter for -upply vessels. Having a
spece frame in the renge of 0.6-1.8 m, di-
rect contact with several frames may occur.
Hence, the ccntrikbution from the membrane
tensicn forces in the side will be small
compared with the plastic buckling load of
frames.

Curves of the type above can be used as basis
for analysing upper limits for the impact
force in a selected collision situation,
namely a drifting vessel in a sideways col-
lision. The impact velocities are selected
according to the criteria referred to pre-
viously, yielding a value of 2.2 m/s.

A simplifying assumption has been made that
all energy is to be absorbed by the colliding
vessel. Maximum impact forces versus ship
displacement are shown in Fig. 6. A typical
load that may be caused by a tanker is in

the range 100-200 MN, whereas the maximum col-
lision load associated with supply vessels

is one order of magnitude lower ({factor 1/10)

Evidently the estimates of maximum load de-
pend on the uncertainties related to the
model assumptions, material properties etc.
If the distribution functions of all the pa-
rameters were known, the distribution func-
tions of the maximum impact force could in
principle be determined. However, the sta-
tistical properties c¢an only be assessed
with some uncertainty for some of the para-
meters. The values derived for the impact
force have been based on available charac-
teristic values of the parameters and on
proper engineering judgement (Fig. 6).
These limit for the forces should, however,
nGt be interpreted as accurate upper and
lower values, but only as bounds derived
frea the assumptions made concerning the
parameters. Within these limitations it is,
in fact, interesting to note that the scat-
ter in impact force is relatively small com-
parced to the great uncertainties.



The invectigations have so far concentrated
upon sideways ccllisions, which in many ca~
ses may impose the largest impact force on
the structure. However, sometimes also the
intensity of the forces, i.e. the force pr.
unit area, may be of concern. This may be the
case when considering the punching shear
strength of a concrete tower., Situations with
high localized forces may in particular occur
during the early stager of sidoways colli-
sion with contact at bilge or deck frame

and in bow or stern colilisions. These as-
pects will be emphasized in the further re-
finements to be made with the ship collision
analysis model.

5. ENERGY ABSORPTION IN STEEL JACKETS

So far collision studies of steel platforms
have introduced several simplifying assump-
tions. If the ability of resisting a possible
maximum load has been of main concern, the
total kinetic energy has often been assumed
to be absorbed by the ship as discussed in
section 4. On the other hand the energy
absorption capability of the platform itself
is an important aspect and has been analysed
on its own. Another extreme situation is to
assume that the platform will absork all
impact energy, however, this may lead tc un-
duly conservative design. Indeed, the real
behaviour of the platform is between these
two extreme cases. As illustrated in Fig.7
the impact energy will be absorbed by the
platform in different ways, depending on

the relative stiffnesses. This means enerqgy
absorption due to local defsrmation of the
cross—-section of the menber being hit, beam
deformation between neighbouring joints and
global bending of the entire structure.
¥hile the two first medes involve consider-
able plastic deformation the global response
will be mainly elastic.

Local energy absorption

As a first step in the aunalysis of the im-
pact resistance of steel structures it is
natural to ask how much cnorgy will be asso-
ciated with deformation of Lhe structure
just beneath and in the proximate vicinity
of the lead. Excert for a number of tests
feported in /3.t tration existing
in the field of :a:ye—drilcction behaviour
of steel tubes sub .ected lateral load

is rather sparse. Consequentlv a number of
tests with snall-s«_1ic 1-d¢ls have recently
been conducted Ly oritas.

it
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The test arrangement, shown in Fig. 9,
consists of a tube specimen mounted to a
stiff frame by means of four clamp at each
end of the tube, providing vertical support
and a small rotational restraint. The load
is applied through a rigid beam across the
tube and pushed by a hydraulic jack, while
the deflections are monitcred by electrial
potensiometers. The main parameters of in-
terest are the diameter to thicknesgs ratio
of the tube and the breadth of the beam
indentor. The selected parameters of the
test tubes are listed in Table 1.

The load-deformation relationships measured
during the tests are summarized in Fig.&
The form of the arrived curves appear to be
quite similar regardless of the breadth of
the loaded area and the physical proper-
ties of the tube. However, the bearing ca-
pacity increases somewhat with increasing
breadth of the loading beam.

The load arises steeply in the initial
stages of deformation, then the gradient
decreases gradually until the net deflec-
tion approaches a value of about (.7 times
the radius of the tube. At this stage the
tube starts deflecting like a beam. Due to
development of high axial forces there is

a small increase in the load. Beyond this
limit the axial forces became so large that
the bolts f£ailed at the supports. Fig. 10
shows that the major part of deformaticn is
localized to the area close to the load.

The experimental results above can be com-
pared with a theoretical calculation pro-
cedure based on the theory of plasticity.
Provided all effects are included in the
model this will yield an upper bound pre-
diction for the load. The plastic work is
calculated for the deformed surface which
is assumed bounded by a series of yield
lines. The effects included are

- Rotation at the yield linus

- Flattening of the surface poiwoen
yield lines

~ Tension work due to elongation
of generators.

A rigid plastic material is suppov-d so
that strain hardening is neglected.

In general the load-deflection
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relationships are cstimated fairly well o
small indentation wherras tho deviatiop- in-
crease when the tube starts underaoing aio-
bal defoimations. Tiie latter stage of woice-
mation may alsoe be accounted for in a plas-

tic collapse analysis when assuming beam bhe-
haviocur and allowing for the change of beanm

cross-sectional geometry.

fig. 1l summarizes the strenath proepertic,
of the tube as predicted by the throry. The
forces are made non-dimensional by ile fac-
tor

£t , 0D
Yo Y )

D
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where £, —s the yield stress, and t cind [

are the” tubc thickness and tube diamctor,
respectively. The experiments indicate Lhat
these curves can be applied for design pur-
poses. A possible design curve is sugnested
in the figure. At present Veritas is carry-
ing out sim:lar tests with double gkin grou-
ted tubes.

seam deformation behaviour

In the initial stages of loading the hit
tube will deform locally antil the load
reaches a value at which the tube starts to
deflect like a beam. In this Fhase a con-
siderable amount of energy will be absorbed,
depending mainly on the support conditions

and the strencth of the actual tubular jeints,

The simplest approach to the beam type of
deformation is the three hinge mechanism in
which hinges dcvelop under the load and at
the supports. If the ends of the bcams are
axially rostreined the capacity of the beam
will increceo considerably as the beam under-
goes finite Joflections due to developnent

of wembrane tension forces. For centrally
lcaded tubular lLicam the load-carrying capa-
city is given iv:

P £k & 8
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*here b i= £l wlastic limit load in ben-
ding and Gdis vhe plastic deformation of the
tube: ot the 1.... The expression above as-
Sune tnat the o Is have either zero or full

axial restraint. In a tyrical Jacket struc-—
Yure it is likely that the supports provide
SCme 1ntermed: 1t Jdogree of axial restraint.
The polt yiela sevicur of tubes including
the influcnce ¢ f in-plaiw uinplacements

v

has been studied in fLG/. ticre the load is
related to the stitfness of the supports
against axial displacement represented by an
eguivalent spring constant K, which may be
assessed by a frame analysis of the struc-
ture. In Fig. 12 curves relating p/p_ to

the stiffness parameter k = DK/TLtfy

are shown. It appears that it is very im-
portant to have a falir estinete of this
stiffness parameter k.

The discussion above is based on the assum—
tion that the tube possesses encugh rota-
tional capacity .to develop a fully plastic
mechanism. It is well-known that the tube

may fail at a lower load level due to local
buckling, ovalizaticon or fracture at the
weld. From literature reviews /17-19/ it is
found that for a D/t ratioc less than 35 plas-
tic design may be applied. Above this limit
this procedure may not be reliable. Since

the D/t ratio of actual jacket members is

in the range of 20-50 it is concluded that
this problem warrants clearification.

The API rules prescribe D/t < 9000/fy

{(fy in MPA) to maintain full capacity through
plastic deformation., For 9000/fy< D/t <
15200/£fy only a limited plastic rotation
capacity can be presumed. On the other hand,
the capacity may not be exhausted if the
plastic moment drops. Restrengthening may
occur in plastic tension. Although the lower
collapse load is associated with a load at
midspan, another question is whether the
joints are able to support the lcocad when the
location of impact is close to the joints.
In other words, a shear failure may be pos—
sible. If the load transferred to the joints
exceeds the capacity of the jeints the amount
of energy absorbed by the beam mechanism is
greatly reduced. Although the stress effect
at the joints is composed of both punching
shear, shell bending and membrane stresses
the simple concept of punching shear is wide-
1y adopted for characterizing the stress
state. It is natural to apply codes developed
by recognized institutions when investigating
the capacity of the jointe /20-22/. The nor-
mal centrel is to ensure trhat the nominal
punching shear stress, d¢educed from the brace
loads, does not exceed the allcowable punching
shear stress derived empitrically from model
tests. A survey shows thaet various load com-
binations are treated so-. édifferently
by the various codes.

Global deformation

SLiNg vessel
ally like a

hiit [, «a L
alvi

When a jacket i-=
it will start to defiecos



girder, in addition to the displacemcnts of
the elements in direct contact with the im-
patting body and the surrounding elements.
‘nosection 3 the central impact was mentio-
ned as being the worst case, in which all
the impact energy has to be absorbed by the
colliding bodies. However, some of the im-
pact energy will be transferred into kinetic
cenergy due to exitation of vibrations in the
platform. Hence, a static approach may be
insufficient in order to determine the ener-
gy absorbed in global bending of the plat-
form.

in fact one is not only interested in the
energy distribution. The ability of the jac-
ket to sustain the load without collapsing
is of main concern. Progressive collapse may
be initiated by a number of elements failing
due to instability,punching shear etc.

Such situation should be investigated by
removing failing elements and perform re-
analysis of the collision leoad. The ability
of the platform to develop piastic membrane
in bracings should be verified by removing
bracing exposed to collision and introduce
plastic tension forces at the modes. Even if
the platform is capable of surviving the di-
rect collision load, subsequent environmen-
tal loads in severe weather conditions may
represent a threat to the platform. The
amount of collision damage allowed to the
platform may be restricted by requirements
to survival during the repair period. lience,
reanalysis of the platform with damaged mem-—
bers removed should also be conducted for
the maximum credible storm condition during
this period.

that the leg behaves like a girder parci-
ally supported at beth ends in the init:ial
stages of loading due to the heavy inertia
represented by the deck module. At later
stages the deck takes up kinetic energy,
making the jacket act like a cantilever and
resulting in an increased deflection at the
deck level. It is evident that the defzrra-
tion pattern, whivy deviates coensidercl oy
from the static solutien shown in Fig. i4
consists of several eigenmodes.

The distribution of energy during the .00t
15 illustrated in Fig. 15. While the kince-
tic portion is fignificant during the inter-
mediate phases, it cnly amounts to akou:u o7
of the total energy at final stage. The ana-
lysis shows that yielding and instability
failures will occur in the structural ele-

« ments surrounding the contact zone. The

model adopted is obviously not able to re-
bresent the true behaviour of the structure
at all stages. When failure occurs the
stiffness of the platform will change. Such
effects can only be accounted for by per-
forming non-linear analysis.

Energy absorption of platforms

It is not possible to give a general fourmula
on how the energy will be distributed in

the platform due to the complex variety of
all possible situations of collisions.

While both the bracings and the legs may be
hit by the bow and stern of the vessel, the
legs are the mere likely point of initial
contact if the rhip drifts sideways onto
the platform. In the first case the contact

The dynamic response of the structure depends zone will be limited. If the ship structure

on the form and duration of the impact im-—
pulse relative to the natural periods of vi-
bration. As an illustrative example a four-
legyed jacket at 70 m water depth has been
studied. The structure has been analysed
by an ordinary linear-elastic space frame
conputer programme. The load input to the
calculation is that caused by a supply ves-
w1 in sideways collision, described in
~wetion 4. The mass and impact velocity

&5

of the supply vessel is 3200 tons and 2.2 n/s.Tho amount of .
aoadded mass factor of .4 was applied.
assumed that the vessel hits the struc- moust cf all on e

1t ie

does not defor:. toc much, the effect on the
platform may bo simulated by a concentrated
load. In the latter case the contact zone
may sprecad alor the entire height of the
ship side. Tt is, however, likely that the
initial contac: will be located to the deck
corner cr Lilges due to roll motion and
thence follow..l v contact along the entire
side,

oy that will be absorbéd
juchket menbers depends
wall thickness of the

lacally Ly actual

fure ot one corner leg joint, which is local- tube. l'er well risklesses in the region
v stiff due to grouting, so that the energy 20-50 mm this eneroy may be significant com-.

vontribution from local - and beam deforma-
ticn of the leg can be neglected.

Lo dynamic resperse is illustrated by a

setch of the correr leg, Fig. 13. 1t appears vides a shell siren

pared to the total ccllision energy. Below
this level the wall thickness is so small
that the contriliivion is necligikble. On the
other hand, exce:: wall tlichkness pro-
Tth which enceeds the




loads likely to be imposed by typical
vessels.

Inspecting the typical dimensions of jackets,

it is clear that the corner legs of medium
size platforme will undergo considerable
plastic bending. On the other hand, if a
bracinag is kir, the smaller dimensicons cauge
a predominant 3o rtion of the energy to be
absorbed by reubrane tension. An indispen-
sible conditi~r for membrane tension forces
to develop iu that the tubular joints pos-
sess the siroralh required,

The energy contribution from global bending
of medium s=ize jlatforms is significant. For
deep-water platforms the dynamic magnifica-
tion are anticipeated to increase due to in-
creasing pericds of vibration., On the other
hand, the stiffness of the platform will in-

crease so that the iwmpact impulse from a ves-

sel will only induce a small deflection.

6. IMPACT STRENGTH OF CONCRETE STRUCTURES

When considering concrete gravity struc-
tures subject to ship collisions, the im-
pact analysis, energy considerations and
aspects of ship deformations and collision
forces remain essentially similar as for
fired steel platforms. However, concrete
platforms are in general more stiff and
rigid as compared to steel jackets in si-
milar depths of water.

The strength analysis will be considered in
two steps: -

i) local strength of the concrete wall
in contact with the colliding ship

global strength of the tower (plat-
form) and residual strength in order
to avoid progressive collapse in
case of local damege

ii)

Item (i} above relates to punching shear
strength of the concrete wall when subiject
to a loczl impact load and, if appropriate,
local bending strength in conjunction with
this. It is here of importance to realize
that a ship collision, if not minor, will
result in @ deformation of the ship so that
the arce of contact will not remain con--
stant in the course of the collision.

For sideways collisions, the ship will tend
to bridge across an initially punched hole
Ln the waoll, thus possibly activating con-
siderable reserves of local strength. 1In
Lhis way one must take account of the dy-

nuimic nature of the collision situation

with changing area of contact, which will
Alsan make the analysis considerably more
complex. Step (ii) entails an analysis of
the global strength of the member (tower,
platform etc.) when subject to a localized
collision force that has to be determined

#5 o ftunction of the defermation occurring,
It the collision force is large enough to
create local damage in the zone hit by the
ship, this has to be taken into account when
analysing the glebal strength subsequently.

A further analysis to ensure that progressive
collapse will net take place with the local
damage endured, will alsc have to be carried
out for defined storm situation until the
situation can be fully restored by repair
and structural strengthening.

" As for the design of steel structures the
energy absorbed by the deformation of the ship

the fenders and the structure has to be
considered. Offs.aore concrete shell struc—
tures with a thickness of 0.5 m or more are
stiff compared with the ship's hull and

this may lead to quite sericus damage to the
ship before the forces have reached a criti-
cal level with respect to the local strength
of the concrete. Local spalling and chipping
at the point of contact can hardly be avoi-
ded in an unfendered zone, but the punching
shear strength should be checked using de-
sign forces obtained from the impact energy
analysis.

The local shear resistance {punching shear)
may be expressed as the sum of the following
components:

V.=V + Vv + vV < 0,25 - £ *b - d
r cr pr sr - cr
where
Vcr is the shear resistance due to the
concrete and the leongitudinal re-
inforcement
Vnr is the shear resistance due to pre-
: stress or axial force'
Vgr is the shear resistance provided by

shear reinforcement

f is the design compressive strength
of the concrete

tirrtiiled design formulae may be found
Pov's Rules /22 /(Appendix D: Concrete
ortures)

or in other relevant designcodes.



The punching shear strength of a number of
concrete shaft designs have been estimated
either by scaling experimental results cr
using the CEB-FIP Model Code for concrete
structures /23/. To make a comparison pos-
sible the results have heen scaled to a ty-
pical column with an internal diameter of
12 m and a wall thickness of 0,6 m using a
load factor y_. = 1,0 and material factors
Ym concrete 1,5 and YpSteel 1,15.

The results have been plotted together with
force Contact zone curves for a typical supply-
boat with 2500 tons displacement in Fig.l6.

It is seen that in the early stages of a col-
lision, for a given equivalent radius of
contact zone, the strength of concrete in
punching shear is apparently greater than

the force which the supply boat can apply.

As explained earlier, the capacity of the
concrete column to absorb energy in a col-
lision will not be limited by a possible
punching shear failure, which may be due to
underestimation of the local stiffness of
the boat or inappropriate shear design.

For a sidewayg mlliision, the impact force
can be transferred to the undamaged part of
the shaft due to the bridging of the ship
structure.

If a punching shear failure can be prevented
in the early stages of a collision it seems

unlikely that such a failure will occeur lat-
er because of spreading of the contact zone

due to deformation of the ship and the rapid
increase of punching shear strength with the
ared of contact.

fHowever, elastic theory calculaticus may
predict the stress in the reinforcement in
tha contact zone to reach vield or the con-
Crete to crush. It is then necessdry to allow
for inelastic deformation of the concrete,

in order to calculate the enerqgy ahsorption.
In the absence of a non-lincar corputer pro-

gramme capable of analysing a conorete ry-
linder under radial load, estimate: of the
load regquired to cause a lo. P fai-

W

Whe roo

lure of the column have beorn v a
form of yield-line or plastic

pessible, consarvative LS T on Lo

LS

.} oxn
ot I

been incorperated in the Flactiv fhe oo, and
the usual material factor \H - L.u has bien
: . L -
included. The corresponding  foilure loosi

and contact chord lengths are pletted §;.
Fig. 16. The concrete capacity appears
be much greater -than the foic. whnich the
$hip can apply on the same contact aren

lusing the entire ship's side).

L

From this analyzis it appears that a typie-
cal supply boat is not strong enough to
cause a local failure of o typical concrete
column in a sideways collision, although it
can cause local yielding and cracking.
However, this ceonclusion is based on rather
simplified calculations and needs experi-
vental confirmaticn. Bow-on collisions have
not been inveotigated in £ull detail, and
of course if the Luat were heavier or the
colupn less substantial the conclusion
would require amendment.

1f a local failure dors not occour, an overall
bending failure of the platform leg will not
ccour either. ncain, this relates to the
particular study made here with sideways
collision with a typical leg. The force
which the ship can apply is limited in two
ways: firstly the ship's inertia can cause

@ plastic flexural hinge in the ship in a
heavy collision, limiting the sideways force
on the column, ar . secondly, for heavy in-
dentations the force from the ship's side
will drop when the plating reaches its
ultimate strain and begins to tear. Both
these limits appear to be below the force
necessary to cause an overall failure of the
leg, unless it has bcen damaged fairly
extensively locally.

-

For the majority of punching shear tests
performed the lecading has been static and
only a few used dynamic loading. The reason
for this is the quasi-static nature of the
collision between a ship and a rigid or
little deformable body. A& study of these
tests have been made by Veritas /24/, with
the main objective to compare the punching
shear strength of a curved cylindrical shell
with the corresponding results from tests
on flat slabs. This was performed for dif-
ferent loaded areas with varying form such
as guadratic, circular and rectangular with
the long axis parallell to or perpendicular
to the generator of the cylindex. In additicn
to this the influence of prestressing and
ecale effects were investigated.

The results show that the punching shear
gtrength of c¢ylindrical walls will increase
conpared with flat slabs of the same thick-—
necss, Llthough the various investigators
tond to use their own formulae for puncl.ing
strength, the formula proposed by Veritas
#l ove compares favourably and include all
riiin effects to be considered.



SUMMARY AND CONCLUSTIONS

Ship ceollisions with: »ffshore platforms
are being recognized as involving con-
siderable risks which should be adequate-
ly designed for and protected against.
When analyzing the probability of ship
collisions, thie i, mate difficult due to
the various types of shnp traffic and due
to the fact that statistical data are
lacking. It is thercfore recommended

that further work should be carried out
in gethering ccllisicn data including
situaticns of "near misuses",

In the absence cf sufi.cient data, Veri-
tas has turned to simulation studijes as

a prospective method for analysing ship
collision. rhis has been done within the |
framework of the general simulation pro-
gramme GASP IV. This methcd has been used
to simulate the ships path after critical
failure and drifting towards neighbouring
platforms, relating to an offtake tanker
servicing an offshore field with a load-
ing buoy. In this way statistical data
have been generated and may further be
calibrated against historical data. The
further work intended in this area will
incorporate interactive simulation where-
by the ship pilot or c¢rew can be allowed
to influence the out-of-control tanker

by any means they might be in control of.

for the impact analysis this is based
on the principle of conservation of ener-
gy and force eguilibrium. This means that
the initial collision energy has to be
absorbed by ship, platform, fender sy-
stem and that any remaining energy will
be transformed to rotaticnal energy in
the ship and vibrations in the coclliding
structures. Whereas this method of ana-
lysis is quite simple impressible, further
work is recommended to ensure that all
major aspects are sufficiently well

As

catered for. For inctance, pressure loads
and other effects in ships containing
Liquid, may sct up wvoncaderable tran-

slent force efizcts Guring the course of
the collisicn.

As a basig focr vy o lent analysis of
ship collisions, a realistic analysis
of collisicon frroes i ships has to be

5.

carried out. In fact, major part of our
work today has been concentrating on
energy absorption, indentation and stiff-
ness characteristics in colliding ships.
Analysis methods and computer programmes
which coumpare favourably with known nodol
tests have been established for tanherxs
and supply ships in sideways collisions.
By this kind of analysis it is pessiule
to arrive at guite reasonable upper and
lower bounds for the forces exerted by
various ships in sideways collision. The
future work will be concentrating on bow
and stern collisions and other hard spots
which so far have not been included.

Steel platforms such as f.inst. steel
jackets are wvulnerable to collisions by
ships out of control. Censiderable work
has been devoted to this aspect. The
impact energy to be absorbed by the plat-—
form itself will be due to local Gamage
of the hit member, major deformation of
the hit member and adjacent joints as
part of the adjoining frame and thirdly,
by the overall deflection of the entire
platform which in many cases may very
well be elastic.

Plasticity methods have been used in
assessing local impact strength of steel
tubular members. Tests have been carried
vut on steel tubes and the results can be
fairly well predicted by this theory.
Further work is now in progress regar-
ding double skin, grouted tubular mem~
bers which will have much more local
impact resistance. Future work should
concentrate on energy absorption in
the entire member and the adjoining fr
In particular it is of interest to hawv
large scale tests carried out on model
of typical cylindrical steel platfcrm:
legs with internal gtiffening ani subfest
to concentrated collision loads. Tt § .
hoped that the method of plasticity orr
also be adapted in order to predict inzgact
strength of such stiffened struccures
properly. :

ame.
=
23

Concrete platforms of the caisson toun:
type have also some vulnerability with

regard to ship collisions. however, sobply



shipc of nornzl sice doos ned i
sent seem to be a realistic threae as
analysis shows that it hardly is strong
enough to damage existing towers sub-
stantially. "his does not preclude cmal-

Chivy e

ler local 4. e e BUCH d: .
local yieldine of steel, a4 situntion
that can be mastered by subsequent re-
Pair work. nAnother matter ig colliniun
with large ship such as a tankes C1
merchant vessel at full speed.

Such & situation will involve Forea,,

in excess of those being considr.rd
realistic to design for. Nevertheless
it is important to know the limiting
conditions and what forces would be
required in order toc produce a sub-
stantiai & .vage to a given platform
tower. Defining this accidental situ-
ation, lurther requirements would be
that the platform shall not sustain
progressive collaps in a subsequent

and defined storm situation. As basis
for analysis of impact strength of
concrate walls punching shear formulae
have beer developed by various investi-
gators based on several test programmes.
It is believed that the punching shear
formula ‘n common use will predict the
local strength congervatively in most
cases. Yhe tests performed so far will
not cover the dynamic situation in that
a colliding ship is likely to bridge
across an iritially punched hole and
thus trancf .- the load to the undamaged
parts of tlo wall as the cellision pro-
cevds. It i1g therefore recommended

that further work in this area allows
for the ¢ ..z change of the contact
area for a ¢ lindrical concrete tower
subjort t . 7 reoslistie ship collision.

-3

P
.y

It is the intention of Veritas to
continle its already substantial work
in this field. A continued project
(phase II) is currently proposed to
interested parties. This work, if it
proceeds, will in fact cover alil aspects
mentioned above, and will proceed as
soon as the funding has been suffi-
ciently secured.

0y
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Specimen DIN Diameter Thickness] D/t Length Yield |Breadth
No. D t L stress [of loading
(mm) (mm} (mm) 'fy beam
{N/mm) {mm}
0 298 6.6 452 1190 426 100
b v 35 219.1 .3 30.0 1340 328 100
2 " " 6.2 15.3 " " 100
3 f " " " [T n 50
4 " L1 " H n n 195
TABLET 1: yrincipal data of test specimens
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