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EXECUTIVE SUMMARY
The report presents a review of the state of Guidance relating to the capabilities of semisubmersible vessels (Semi-subs) to resist the effects of collision and provides an assessment of
the continuing validity of the likely impact energies in the withdrawn Department of Energy
(DEn) 4th Edition Offshore Design Guidance Notes. The report presents:
1. The basis of the energy levels specified in the 4th Edition Guidance.
2. A review of changes to the factors and assumptions used to develop the Guidance.
3. An assessment of the levels of damage likely to occur during a collision and the effect on
the survivability of a semi-sub, based on details of three semi-subs provided by TransOcean
Sedco Forex.
4. An approach for assessment of risk to semi-subs from collision.
UKCS Collision incident data up to 2000 were reviewed. The main findings were:
a. No analysed and reported incident has involved an energy being absorbed by the semi-sub
greater than 4MJ.
b. The maximum reported dent depths were less than 1 m.
c. The likelihood of an incident involving more than 0.5 MJ of energy being absorbed by the
semi-sub (the Guidance Note Operational Impact) is 0.03 per year.
Therefore the criteria from the Guidance Notes remain reasonable based on the historical
perspective. However, the operating history is only 392 rig years and so the historical evidence
cannot be considered a complete design approach, especially for accidental events requiring a
probability of 10-4 per year. The report details risk models that have been proposed to allow
calculation of likelihood and magnitude of collision for different vessel types, including supply
boats, standby vessels and passing vessels.
A finite element analysis showed that the columns of the semi-subs analysed were all capable of
absorbing energy in excess of the 4MJ value without exceeding the dimensions of damage
assumed for damage stability calculations. In determining the consequence of impact it was
found that analytic plasticity models agreed with finite element work and so can provide a
reasonable basis for estimating the energy absorbed by the main structural components of the
semi-sub and the resulting dent size.
No evidence of the ability of a semi-sub to operate with one of its main columns with a reduced
axial capacity or loss of a smaller column was found, only reference to surviving punctures or
loss of brace members and so it is recommended to investigate the effect of a loss of strength of
20-30% of a main column. It was found that there were minor incidents that lead to holing of
the impacted column. This should be acceptable since semi-subs should be able to withstand
the flooding of any one watertight compartment. However, the causes were not adequately
explained in the incident descriptions and so it is recommended to review the causes and
mechanisms of tearing or holing these structures for small impacts. This information could then
feed into the assessment of vulnerability of different impact locations on the semi-sub which is
key in assessing the potential consequences of impact.
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1 PROJECT OVERVIEW
1.1

INTRODUCTION

This report presents a review of the state of Guidance relating to the capabilities of semisubmersible vessels (semi-subs) to resist the effects of collisions and presents an assessment of
the requirement for an update of the likely allowable impact energies in the current 4th Edition.
The project is concerned with the safety of offshore operations that increasingly are using
floating structures during exploration, installation and operations.
1.2

BACKGROUND

The withdrawn 4th Edition of the Department of Energy (DEn) Guidance Notes[1] and the
supporting Background Study[2] provide some limit requirements on the energy which semi-subs
should be able to survive during a collision with an attendant or passing vessel. However, these
were based on a historical review of incidents reported in 1988. Key items identified in this
work were:
1. Operating Circumstances
2. Location in the North Sea
3. Weather Conditions
4. Vessel Type
Since the review was completed additional North Sea experience has been obtained and factors
such as locations of exploration and production and vessel sizes have changed.
1.3

OBJECTIVE

The objective of the study reported here is to provide HSE with an initial assessment of the
requirement for an update of the recommended likely impact energies in the current 4th Edition
taking into account the mechanisms of energy absorption of semi-subs and the operations in the
new areas of oil exploration in UKCS.
The outcome from the project includes recommendations on the implications of current practice
with regard to the assessment of safety in offshore operations using floating structures.
1.4

PROJECT DESCRIPTION

The main tasks of the study were developed to achieve the project objective and addressed the
following key issues:
•

the basis of the energy levels in the 4th Edition of the Guidance Notes

•

the likely levels of collision energies between semi-submersible vessels and attendant
vessels

•

a review of the available information relating to the energy absorption mechanisms of
the component parts of a semi-sub structure
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•

an initial investigation of the likely response of a semi-sub to collision

•

an initial assessment of the levels of damage likely to occur during a collision and the
effect on the survivability of a semi-sub

•

the requirements for a more detailed structural evaluation of the damage mechanisms
and the limits of impact energy which can be survived

TransOcean Sedco Forex have contributed information on the detailed configuration of semisub vessels and also provided support with regard to their operation and current safety
procedures.
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2 REVIEW OF COLLISION ENERGY LEVELS IN 4 TH EDITION
2.1

INTRODUCTION

The work leading up to the specification for the likely levels of collision energy given in the 4th
Edition was performed in various studies, culminating in the Background report released in
1988[ 2]. The work included:
•

a review of collis ion incidents

•

an assessment of the modes of energy absorption during a collision between a vessel
and a fixed platform and the energy involved in example collisions

•

an assessment of the modes of energy absorption for ring and longitudinally stiffened
cylinders, such as form the columns of a semi-subs, and the energy involved in example
collisions

•

the range of likely ship impact velocities

•

the range of likely vessel sizes

The work in this section presents a summary of the guidance, a review of the background
studies and determines the limitations of that work particularly with regard to impact with semisubs.
2.2
2.2.1

SUMMARY OF KEY GUIDANCE IN 4TH EDITION
General

The key design requirements given in the 4th edition Guidance Notes appropriate to semi-subs
are:
15.7.2 Accidental Load – Vessel Collision
Accidental damage should be considered for all exposed elements of an installation in the
collision zone. The vertical extent of the collision zone should be assessed on the basis of
visiting vessel draft, maximum operational wave height and tidal elevation.
The total kinetic energy involved in accidental collisions can be expressed as:
E = ½ a m V2
Where m = vessel displacement (kg)
a = vessel added mass coefficient
= 1.4 for sideways collision
= 1.1 for bow or stern collision
V = impact speed (m/s)
The total kinetic energy, E, should be taken to be at least:
14 MJ for sideways collisions, or
11 MJ for bow or stern collisions
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which corresponds to a vessel displacement of 5,000 tonnes displacement with an impact speed
of 2 m/s. A reduced impact energy may be acceptable in cases where the size of visiting vessels
and/or their operations near the installation are restricted. In this instance a reduced vessel size
and/or a reduced impact speed may be considered.
The reduced impact speed, V, in metres per second may be estimated numerically from the
empirical relation:
V = ½ Hs m/s

Where Hs is the maximum permissible significant wave height in metres for vessel operations
near to the Installation.
The energy absorbed by the installation during a collision impact will be less than or equal to
the total kinetic energy, depending upon the relative stiffnesses of the relevant parts of the
Installation and the impacting vessel that come in contact, the mode of collis ion and vessel
operation. These factors may be taken into account when considering the energy absorbed by
the installation.
The Guidance then describes the energy absorbed by the structure for fixed installations and the
force to be resisted for stiff structures, such as concrete structures or grouted members.
It recommends that for fixed steel installations the energy absorbed by the structure should not
be taken to be less than 4 MJ. No similar information for semi-subs was included, although the
background study has been used to imply that similar energy levels would be appropriate.
The Guidance states that the primary structure should be designed to ensure that accidental
damage does not cause complete collapse. Damaged members should be considered to be
totally ineffective unless it can be shown by analysis or tests that they retain residual loadcarrying capacity.
15.8.4 Accident Conditions
The accidental loads set out in 15.7 should be combined with dead, imposed, hydrostatic and,
where appropriate, deformation loads. The environmental conditions and operating conditions
should be consistent with the assumed accidental event.
In the post accident condition the dead, imposed, hydrostatic, environmental and deformation
loads are to be combined. After a design case accident the structure should be able to withstand
environmental loads with a return period of at least 1 year.
2.2.2

Semi-Sub Damage Criteria

This is detailed in sections 31.2.4 and 31.2.6, which are summarised below.
The unit should be able to withstand the flooding of any one watertight compartment or the
flooding of those watertight compartments which are breached as a result of the extent of
damage stipulated below. In this latter case flooding may involve more than one compartment
where a watertight boundary lies within the assumed zone of damage. Such damage is intended
to represent that which could arise from low energy collisions with attendant vessels, and is
associated only with operating and transit draughts (i.e. need not be considered during severe
storm conditions or at intermediate draughts between minimum operating draught and
maximum transit draught.
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Damage penetration should be assumed to occur anywhere within a vulnerable zone extending
from 5 metres above to 3 metres below the draught under consideration and to a depth of 1.5 m
in a horizontal direction perpendicular to the skin, with a lateral or circumferential extent of 3
metres and with a vertical extent of 3 metres.
The distance between effective watertight bulkheads or their nearest stepped portions, which are
positioned within the extent of horizontal penetration, should not be less than 3 metres; where
there is a lesser distance one or more of the adjacent bulkheads should be disregarded.
The unit should have sufficie nt reserve stability in the damaged condition to withstand the wind
heeling moment based on a wind speed of at least 25.8 metres per second superimposed from
any direction.

2.3

BASIS OF GUIDANCE

2.3.1

Introduction

This section describes the key sources of data used to develop the guidance outlined above.
These data were collated during the Background Study, which is described in Section 2.4.
2.3.2

Guidance Existing prior to 4th Edition

The 4th edition guidance on design for ship impact incorporated existing design requirements
applied at that time. This section outlines the key requirements, more detail can be found in
Appendix B of Reference 2:
The 3rd Edition Department of Energy (Den) Guidance Notes included (1984)
•

The unit should be able to resist operational bumps (defined as a 2500 tonne
displacement vessel travelling at 0.5 m/s) assuming the unit absorbs all energy.

•

No guidance on accidental damage was given, pending the outcomes of the studies
described below

•

The design should be such that accidental damage to part of the structure will not lead
to progressive collapse of the whole structure

•

Damage penetration up to 1.5 m must be considered

•

The unit should remain stable and float following flooding of any one watertight
compartment.

The available DnV Guidance was very similar but also included:
•

The kinetic energy to be considered for accidental impact is 14MJ for sideways
collision and 11 MJ for bow or stern collision, effectively a 5000 tonne displacement
vessel travelling at 2.0 m/s

•

A reduced energy could be considered if vessel size were limited or operations were
restricted to a given sea state, when the impact velocity could be taken to be 0.5 Hs
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•

The extent of the damage must be considered to be 3m high (anywhere from +5m to –
3m of current water level) x 3m wide x 1.5m deep

•

It must be assumed that flooding occurs after damage to exposed portions

•

The direct loads and consequential damage due to collision are not to cause complete
structural collapse, loss of floatability or cause capsizing.

2.3.3

Descriptions of Collision Incidents

The background study collated details of collision incidents from the period 1975 to 1985.
There were three main sources of data:
1. Incidents reported to the Department of Energy
2. Results of Questionnaires submitted to NMI Ltd as part of their study into impact
velocities
3. A survey by the IADC.
172 incidents were reported to the Department of Energy (DEn). 107 relevant responses were
obtained by NMI, of which 39 were in the data set collected from the DEn. 86 incidents
involving semi-subs were reported to IADC, of which 6 were in the data set collected from the
DEn and a further 23 were in the NMI data.
The extended database used in the study contained the 240 combined incidents from NMI and
DEn. The additional 39 semi-sub incidents from the IADC study were excluded since it could
not be confirmed that they had occurred in the UK Sector of the North Sea. Likewise 16
incidents supplied by DnV describing incidents to semi-subs between 81-85 were excluded.
The key data collected included
•

Date and location of incident

•

Type of installation

•

Type and size of impacting vessel

•

Operating circumstances

•

Cause of incident

•

Extent of damage to installation and vessel

2.3.4

Collision Energy Estimation

An estimate of the energy involved in the collision was made for all the incidents in the
database, concentrating on those where more than 0.5 MJ (the defined operation bump).
Lloyds Register performed a study in which the 10 most serious vessel collision incidents with
fixed platforms reported to Lloyds were analysed 3 . The objective was to determine the energy
required to cause the damage reported. Four cases involved more than 0.5 MJ of energy
absorbed by the platform (reported as 3 MJ, 2 at 1.5 MJ and 1 MJ) and included cases of
member severance. This study was very important since it was on the basis of damage
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descriptions and estimated energy absorbed reported in this study that the collision database was
assessed. The 3 worst cases identified in Reference 2 from the collision accident database had
been assessed by Lloyds. However, it was noted that the methods used in the Lloyds study may
have under estimated the collision energy for one of these cases due to the plastic formulation
considered.
The response of stiffened and unstiffened shells to denting appropriate to semi-sub columns was
investigated as part of the Cohesive Buckling Programme [4], sponsored by SERC and the DEn.
This involved both experimental and theoretical work and the results formed the basis of the
models developed to predict the energy involved in collision incidents involving semi-subs.
2.3.5

Likely Collision Velocity

The impact energy is proportional to the impact velocity squared; hence it is important to
predict this velocity as accurately as possible. Research by DnV and NMI was undertaken to
determine likely collision velocities by attendant vessels since these known to be the most likely
cause of impacts. Collisions between attendant vessels and installations were categorised into
three groups:
•

Collisions while drifting

•

Collisions while manoeuvring (approaching or departing)

•

A moored or joystick positioned vessel loading alongside

DnV [5] derived likely steady state velocities of drifting vessels in different sea states and found
that it could be predicted as a function of the sea state as described by the significant wave
height, i.e. impact velocity v (m/s) = f(Hs). It was found that the mean value of the steady state
drift velocity varied from 0.4 Hs to 0.3 Hs as the significant wave height varied from 1 to 5 m.
The extreme value was calculated to be 0.5 Hs, which was adopted in DnV design guidance and
the DEn Guidance Notes.
NMI provided results for four drifting cases, side, bow and stern sway and bow surge collision.
The results were in agreement with those presented by DnV, as can be seen in the example plot
reproduced below.
The key findings from the research were:
•

Impact velocity is vessel size independent

•

Impact velocity depends on seastate
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Figure 1
Impact Velocity Predictions for Different Conditions

There were differences in the estimation of manoeuvring velocity. DnV assumed that the
manoeuvring collision velocity was equal to the extreme value of the drift velocity. In
estimating the manoeuvring impact velocity, NMI made assumptions about the approach speed
of the vessel, which became a major component of the collision velocity. This resulted in NMI
predicting a velocity of 2/3 to ½ of that proposed by DnV.
NMI estimates of the likely impact velocity during unloading were lower than those for drifting
or manoeuvring vessels. The mean best estimates of collision velocity are summarised in the
following Table.
Table 1
NMI Estimates of Impact Velocities
Scenario

Mean Velocity (m/s)

10% Exceedance (m/s)

0.39
0.37
0.28
0.74

0.73
0.70
0.54
1.29

0.76
0.83
0.98

1.18
1.44
1.82

Moored or Joystick Positioned:
Stern Surge Impact
Stern Sway Impact
Side Sway Impact

Manoeuvring Vessel:
Disabled and Drifting:
Sideways – Centre Impact
Sideways – End Impact
Forwards – Bow Impact
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2.3.6

Attendant Vessel Data

A review of vessels registered with Veritas was undertaken to help develop DnV design
guidance. It was found that 95% of vessels had a displacement of 5,000 tonnes or less. A
vessel of 5,000 tonnes was thus adopted in design guidance.
DnV also provided guidance on ship load displacement curves, shown below. It is believed that
these were used in the calculations in the Background Study on ship collisions undertaken to
support DEn guidance, however, since no Reference is given this cannot be confirmed. There is
some doubt that the broadside curves were used as discussed in Section 4.5.

Figure 2
Impact force-deformation curve for beam, bow and stern impact

As part of the Background Study an investigation into the size of various types of attendant
vessel registered in Britain and Norway was performed. Details of the supply and support
vessels are summarised in the following Figure. Only 5% had a displacement exceeding 5,000
tonnes. Half had a displacement of less than 2000 tonnes. These data are described further in
Section 2.4.6.
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Figure 3
Distribution of Vessel Displacement and Type

2.3.7

Passing Vessels

There were only 5 cases of passing vessel collision recorded in the data sources described
above. The small number of actual collisions meant that passing vessel collision guidance
relied on use of theoretical methods considering:
•

Traffic surveys and vessel route identification (shipping lanes)

•

Analysis of historic collision data, including safety zone infringement

•

Analogy with other incidents:
o

Stranding data

o

Collision with other fixed objects (buoys and lightships)

o

Ship-ship encounters

A conclusion from these studies is that the errant vessel risk is highest near shipping lanes and
so effort was expended identifying them. Of more potential use is that the methods can be used
to identify influencing factors and thus how to reduce risk. This is discussed further in
Section 3 when the updated methods are presented.
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2.4

KEY FINDINGS OF BACKGROUND STUDY

2.4.1

Introduction

As described above, a study on the protection of offshore installations against impact was
undertaken on behalf of the Department of Energy (DEn) [2]. The aims of the study were to
provide draft guidance on the requirements of offshore structures to withstand collision and
associated damage.
The changes to the DEn guidance were developed as part of the study. This section outlines the
key findings of the study, especially as they apply to semi-subs.
2.4.2

Main Findings of Background Study

Review of Collision Incidents
•

Semi-subs are several times more likely to suffer collisions than fixed platforms.

•

Supply boats are the most common colliding vessel. DSV’s, although often larger, are
rarely involved in collisions with semi-subs.

•

Fishing boats are the most common type of passing vessel involved in collisions,
although one incident involving a supply vessel was recorded.

•

Most collisions causing significant damage are caused by misjudgement, with some
20% caused by equipment malfunction (eg DPS failure).

•

Adverse weather is a factor in a large proportion of minor incidents, which did not lead
to significant damage. Weather factors were also concluded to contribute to a greatly
increased collision risk for minor incidents in the Northern North Sea. This risk
increase does not apply to serious incidents, which mostly occur in calm conditions.

•

The study was based on very limited data from the Northern sector, and no information
from West of Shetland.

•

The vast majority of collisions involved energies less than 0.5 MJ.

•

The maximum total energy from reported accidents was estimated at 11.1 MJ. The
column of a semi-sub was struck by the bow of a supply vessel in this incident. The
impacting vessel absorbed most of the energy. (Stern-on collision would result in less
energy absorption by the vessel, and hence greater demand on impact resistance of the
installation.)

•

4 MJ to be absorbed by the installation was recommended as a design basis for
accidental damage based upon historical information.

Theoretical Study
•

95th percentile supply vessel size for whole N Sea identified as 5000 tonnes. Large
regional variations with larger vessels in Mid and Northern N Sea (95th percentile
6000 tonnes). A trend to increasing vessel size was observed.
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•

Collision velocities were found to be independent of vessel size. Bow and stern
collisions involved higher impact velocities. The 95th percentile drifting vessel velocity
was established as 2.0 m/s.

•

The accidental design event of a 5,000 tonne vessel travelling at 2 m/s was confirmed to
be appropriate.

•

For the recommended accidental design scenario of a 5,000 tonne vessel at 2 m/s the
semi-sub could be expected to absorb up to 9 MJ of energy

2.4.3

Frequency of Collisions

The number of collision incidents where moderate or severe damage was reported in the data
sets described in Section 2.3.3 are presented below.
Table 2
Collision Incidents resulting in Moderate or Severe Damage
75

76

77

78

79

80

81

82

83

84

85

86

Total

Steel

1

0

3

2

3

2

2

3

2

0

2

0

20

Concrete

0

0

0

0

0

2

0

0

0

0

0

0

2

Semi -Sub

2

4

3

5

4

3

4

2

4

4

3

2

40

Jack Up

0

0

0

0

0

0

0

0

0

1

1

0

2

Total

3

4

6

7

7

7

6

5

6

5

6

2

64

Moderate or severe damage is that which results in either:
•

measurable dents,

•

stiffener damage, or

•

cracking or fracture (a route for water ingress).

The corresponding risk per rig year operating experience is shown below. It can be seen that the
risk is identified to be higher for semi-subs than the other structure types.
Later reports have extended and reviewed the available collision incident data. The results are
summarised in Section 3.
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Table 3
Likelihood per year of Incident resulting in Moderate or Severe Damage
Steel
75

Concrete

0.037

76

Jack Up

Total

0.078

0.053

0.214

0.066

77

0.065

0.138

0.082

78

0.042

0.300

0.096

79

0.059

0.276

0.094

80

0.038

0.162

0.087

81

0.035

0.189

0.068

82

0.050

0.078

0.051

83

0.030

0.154

0.055

0.286

84
85

0.024

Total

0.033

2.4.4

Semi Sub

0.031

0.122

0.062

0.038

0.087

0.059

0.042

0.156

0.033

0.065

Type of Damage

The available damage descriptions for semi-subs were good. The damage descriptions for other
structures were less good. Indeed, as described above, the study relied on the results from
Lloyds for fixed platforms.
Recorded damage to semi-subs commonly involved indentation of shell plating alone, with
some displacement of stiffeners. Dent depth and size were given for the moderate or severe
cases and description of stiffener damage were given. These details meant that the energy could
be quantified using results from Cohesive buckling programme [4]. The worst identified damage
is summarised below.
Table 4
Damage Reported from Incidents to Semi-Subs
Member Type

Year

Vessel Size (Te)

Damage Description

Semi -sub Column

1985

4750

Dent 3.75 m x 4.5 m x 0.5-0.6m

1977

3200

Dent 3.0 m x 3.0 m x 0.4 m

1976

2400

0.3 m deep dent

1985

3900

Dent 2.1 m x 2.5 m x 0.7 m

1976

3400

Dent 2.5 m x 2.5 m x 0.3 m

1975

3000

4 members failed. 3 weld pull out + 1 shear

1977

2500

1 member sheared

1981

4500

1 dented member

Brace

There were at least 5 cases of plating perforation and consequent flooding reported.
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It was noted that semi-subs could be damaged in the same area several times – typically the
column(s) closest to the cargo crane.
2.4.5

Causes of Collision

The causes of collision incidents to semi-subs identified from the data sets are summarised
below. The numbers in brackets relate to those incidents that resulted in moderate or severe
damage.
The most common operations during which incidents occurred were approach to the platform
and container or bulk transfer, with misjudgement and equipment failure being the main causes.
Weather was not identified as significant cause.
Table 5
Causes of Collision Incidents
Misjudement

Equipment
Failure

Weather

Approach

6 (4)

5 (3)

1 (1)

Mooring

5 (2)

Unmooring

Mooring
Problems

9 (5)

Personnel
Transfer

2 (2)

Diving
Operations

Not
Specified
1 (1)

1 (1)
1 (1)

Load
Transfer

Other

8 (4)

1
2 (1)

4 (2)

1 (1)

1 (1)

1 (1)

Standby
Duties
Passing
Vessel

1 (1)

Other

3 (0)

Not
Specified

3 (3)

The orientation of the vessel at impact was predominantly such that the stern impacted,
reflecting the operations being performed.
2.4.6

Vessel Size

Considering the data sets as a whole, it was found that the 95% of attendant vessels involved in
collision incidents had a displacement of less than 5,000 tonnes. However, there was a trend by
location in the North Sea. In the Southern North Sea 95% of vessels were less than 3,500
tonnes. In the Mid and Northern North Sea 95% of vessels were less than 6,000 and 5,500
tonnes respectively. It was concluded that using a 5,000 tonne vessel for the Southern North
Sea would be conservative, and hence the guidance was developed to allow for smaller vessels
if required. However, the guidance did not take account of the larger vessels observed
elsewhere in the North Sea.
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The change in size of impacting vessel with year was considered. The average size was found
to have increased over time. However, it was concluded that 5,000 tonnes would be appropriate
for the average size of vessel until 1990.
It was noted that the increase in vessel size had not resulted in an increase in the damage
reported.
2.4.7

Impact Velocity

The background study was not able to add anything new to the theoretical collision velocity
estimates presented above. However, it was found that the worst collision incident involved a
velocity of 2 m/s, as described below.
2.4.8

Collision Energy Levels

The principal energy absorption mechanism for semi-subs is plastic deformation of column
plating and stiffeners. Simplified rigid-plastic analysis based on the reported dent geometry was
used to estimate impact energies in the background studies. The models were based on the
available results of Cohesive Buckling Programme, which are similar to those presented in the
Norsok Standards [7].
A parametric study was performed considering a 5,000 tonne vessel at 2 m/s and considering
the DnV vessel load displacement curves. It was found that the energy absorbed by vessel is
significant for bow and side impacts, but much less for the stiffer stern impact. However, as
noted above, stern impacts are much more frequent. An 11MJ stern collision requires 8-9MJ to
be absorbed by column, leading to dent depths of up to 1.1m, compared to the DEn guidelines
limit on indentation of 1.5m. An 11 MJ bow impact or 14 MJ side impact requires 2-4 MJ to be
absorbed by the column.
The worst identified collision incidents involving semi-subs were analysed using the same
method. The estimated total collision energy and energy absorbed by the vessel and the vessel
velocity prior to impact are presented below.
Table 6
Worst Reported Semi-Sub Incidents
Member Type

Year

Vessel Size
(Te)

Energy Absorbed
by Installation
(MJ)

Ship +
Installation
(MJ)

Impact
Velocity (m/s)

Semi -sub
Column

1985

4750

3.6

11.1

2.16

1977

3200

2.8

3.4

1.46

1976

2400

1.6

1.8

1.22

1985

3900

1.2

1.8

0.96

1976

3400

1.0

1.2

0.84

1975

3000

1.9-3.0

1.9-3.0

1.13-1.41

1977

2500

1.5

1.5

1.10

1981

4500

1.5

1.5

0.81

Brace
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The energy estimated to be absorbed by semi-subs in the reported collision incidents is shown
below.

Figure 4
Reported Incidents to Semi-Subs by Energy Absorbed

The results for fixed platforms are similar, as can be seen below.
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Figure 5
Reported Incidents to Fixed Platforms by Energy Absorbed

The total operating experience at the time of the study was not sufficient to allow reliable
probabilistic calculations for all structure types by location.
The results from all structures were combined to derive an energy absorption risk plot. It was
found that a value of 4 MJ was associated with a risk of 10-3 per year.
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Figure 6
Likelihood of Different Levels of Energy Absorbed for All Installations

The worst case damage incidents were plotted against impacting vessel size. It was found that
there was an identifiable trend by vessel size. The following Figures present the data plotted
with the proposed relationship:
Absorbed energy = 0.5 + m2 (4.2x10-7 – 5.6x10-11 m) MJ
Where m is the displacement of the impacting vessel in tonnes.
It should be noted that this relationship only applies for m up to 5,000 tonnes and only
represents the historical data.
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Figure 7
Energy Absorbed Vessel Size

Figure 8
Energy Absorbed Vessel Size
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2.5

LIMITATIONS OF GUIDANCE

Comparison of the clauses contained in the 4th Edition and the background study shows that the
additional guidance on accidental damage was:
•

Applicable to Attendant Vessel collision

•

Based on Incidents that had occurred up to that time

•

o

–Cause and critical factors

o

–Consequences (damage description)

Developed considering analytic plastic methods

The 4 MJ accidental damage energy limit and accompanying relationship with vessel size were
developed considering historical data for both semi-subs and fixed steel platforms. When
adapted for the 4th edition guidance notes it was only presented for fixed steel structures.
However, if reference were made to the background study then it would be possible for it to be
presumed to apply to semi-subs. The potential problem with such an approach is that the
representative collision (5,000 tonne vessel at 2 m/s) could result in greater damage to a semisub column, although 4 MJ is sufficient for historically observed attendant vessel collisions.
The second concern is that the plastic methods were not detailed and, obviously, the assumption
of energy absorbed does depend upon the design methods and assumptions used.
However, presuming that the guidance is followed and the energy limits are not adopted in
design there are the following limitations
It looked to confirm existing 3rd Edition Guidance and so no verification was made for the
following:
•

1.5 m penetration

•

0.5 MJ operational impact

It concentrated on historical data to define accidental event and thus, due to the limited
operating experience, can be considered to have only covered extreme attendant vessel collision.
No guidance was given on the more extreme passing vessel collision.
It looked to follow the DnV Accidental Event and thus ignored that fact that vessels larger than
5,000 tonnes were being used in the Northern North Sea, even though this was identified in the
background study. Other important findings were also not passed to the 4th Edition Guidance
Notes, namely:
•

•

Both semi-subs and fixed platforms considered
o

Lloyds work for fixed platform

o

Good damage description and Cohesive buckling programme for shells

The approach to assessment of damage and residual strength differs between shells and
bracing members. Later Guidance has incorporated this detail into the code form as
described later.
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•

Weather is not key in attendant vessel severe incidents and so limiting operations to
certain sea states may not reduce impact velocity
o

Misjudgement or equipment failure were main causes

o

Approach is the worst condition, the expected impact velocity when
loading/unloading is predicted to be lower (see NMI)

•

Operating Procedures are Important (An example is damage occurring during snatch
loading at semi-sub)

•

Weather is key for drifting vessel incidents
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3 COLLISIONS BETWEEN VESSELS AND SEMI-SUBS
3.1

INTRODUCTION

During this study information was gathered regarding:
1. Latest design guidance for semi-subs;
2. Results from studies performed since the work described in Section 2; and
3. Incidence of actual accidental collisions and the extent of consequent damage.
The information found is summarised in this Section.
3.2

GUIDANCE AVAILABLE SINCE 4TH EDITION

The Norsok Standards have reference to ship collision with Semi-subs [ 6 ,7]. The general
requirements are not much different to the 4th Edition Guidance referred to above. The key
points are summarised in the following.
Annex A of the Standard states that structural effects from ship collision may either be
determined by non-linear dynamic finite element analyses or by energy considerations
combined with simple elastic -plastic methods. It does confirm that often the integrity of the
installation can be verified by means of simple calculation models. If simple calculation models
are used then the standard states that the part of the collision energy that needs to be dissipated
as strain energy can be calculated by means of the principles of conservation of momentum and
conservation of energy. Also it states that plastic modes of energy dissipation should be
considered for cross-sections and component/substructures in direct contact with the ship. It
notes that elastic strain energy can in most cases be disregarded, but elastic axial flexibility may
have a substantial effect on the load-deformatio n relationships for components/sub-structures.
Elastic energy may contribute significantly on a global level.
The standard provides the force-deformation relationships for a supply vessel with a
displacement of 5000 tonnes for broad side -, bow-, stern end and stern corner impact for a
vessel with stern roller shown in Figure 2. Force-deformation relationships for tanker bow
impact are also given for the bulbous part and the superstructure, respectively.
The standard states that the second step in the accidental limit state check is to verify the
residual strength of the installation with damage caused by the accidental load. It provides a
method for the assessment of a dented column. It states that the compressive strength of
longitudinally stiffened cylindrical shells with dents may be assessed by an effective section
approach, assuming the dented area ineffective. The stress becomes critical when the total
stress in the damaged zone becomes equal to the stress for an undamaged cylinder. This method
had been considered in the Background Study and is discussed Section 5.
Annex M to the Standard confirms the requirements for Semi-subs. It states that a structural
evaluation shall be performed in order to document the extent of the local damage occurring to
the unit at the time of impact.
If a risk analysis shows that the greatest relevant accidental event with regard to collision is a
drifting vessel at 2m/s, with a displacement which does not exceed 5000 tonnes, the following
kinetic energy occurring at the time of collision may be considered for the structural design:

Page 26

•

14 MJ for sideways collision, and,

•

11 MJ for bow or stern collision.

Local damage assessment may be undertaken utilising sophisticated non-linear analytical tools,
however, simplified analytical procedures will normally be considered as being sufficient to
evaluate the extent of damage occurring under the action of the collision.
Simplified local damage assessment of the collision event normally involves the following
considerations:
•

The typical geometry of the supply vessel, together with relevant force-deformation
curves for side, bow and stern impact, described above, may normally be utilised.

•

In the local structural strength assessment the side, bow and stern profiles of the supply
vessel are progressively 'stepped' into the collision zone of the column stabilised unit.

•

By considering the local geometry of the supply vessel and the impacted structure,
relevant force-deformation curves for the column stabilised unit may be produced.

•

For a given action level the area under the force-deformation curves represents the
absorption of energy. The distribution and extent of the damage results from the
condition of equal collision force acting on the structures, and that the sum of the
absorbed energies equals the portion of the impact energy dissipated as strain energy.

Having evaluated the extent of local damage incurred by the relevant collision event (as
described above) the standard states that an assessment of the resulting, global structural
capacity (considering environmental actions) shall be undertaken. In such an evaluation the
following listed items are relevant:
•

In cases where the impact damage is limited to local damage to the column particular
consideration should be given to column/deckbox interfaces, and the damaged
(impacted) section. (For typical column structures a simplified approach to assess the
reduced capacity of the structure in way of the damaged location would be to assume
that all the impacted (deformed) area is ineffective.)

•

When counter-flooding is utilised as a means of righting the unit in an accidental event
the actions resulting from such counter flooding shall be evaluated.

•

In cases where the impact damage is limited to local damage to a single brace,
redundancy requirements should adequately cover the required structural evaluation, i.e.
the requirement that slender, main load bearing, structural elements shall normally be
demonstrated to be redundant in the accidental limit state condition.

•

NMD requirements to watertight boundary, structural strength in the damaged
condition, (including inclined angles resulting from requirements to reserve buoyancy)
should be satisfied.

•

In order to avoid risk assessment considerations in respect to implications of structural
failure of topside structures in the inclined condition, (e.g. in respect to the possibility of
progressive collapse in the event of structural failure) it is normal practice to consider
the structural capacity of topside structural arrangements in the damaged condition.
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3.3

STUDIES FOR THE HSE

A study on the effects of collisions with offshore structures was undertaken on behalf of the
Offshore Safety Division of the HSE in 1996 8 . The report queries the accuracy of guidance
methods on collisions used for calculating energy absorption and damage characteristics of
installations, recent work having suggested that they may not be able to do this as effectively as
previously believed.
The main findings of the report related to the current guidance and damage assessment methods
related to semi-subs are:
•

Assessment of damage to semi-submersibles has mainly been concerned with
establishing the potential for flooding of columns and failing the stability requirements.

•

Denting calculations on columns have predic ted that 9 MJ of energy can be absorbed
with deformations of the order of 1.1 m. The present stability criterion restricts this
penetration to 1.5 m, which relates to survival of a 20 MJ impact. Higher energy
(passing vessel) impacts up to 80 MJ could be survived if reserve buoyancy is taken
into account.

•

It has generally been assumed that the main columns are sufficiently large to absorb
accidental impact energies so that collisions do not present a problem.

•

Lower braces are vulnerable to impact during towing but are generally designed to
fatigue criteria and are structurally redundant.

•

Semi-submersibles have experienced a much higher frequency of collision compared to
that of fixed steel platforms.

•

A number of incidents have led to holing, fracture and leakage of semi-submersibles,
even at relatively low impact energies.

•

Stern collisions are the most frequent, and severe due to the stiff nature of the stern in
comparison with the semi-submersible column.

Limitations of present models were identified, such as the DNV Load-Deformation curves,
which are only applicable to impact scenarios involving tubular members of 1.5m and 10.0m
diameter. The model is also limited to vessels up to 5000Te. For vessels greater than 5000Te,
and with novel hull designs the deformation characteristics can be significantly different from
the DNV curves. It was noted that some collisions have involved vessels up to 10000Te. This
study has confirmed that supply vessels are larger than the 5,000 tonne limit.
Present guide lines aimed at improving safety on vessels may change their design/stiffness and
exacerbate collision damage.
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Figure 9
A Comparison of Load Deformation Characteristics for a Variety of
Vessels in Bow Impact Against an Infinitely Stiff Body.
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Details of collision incidents were also presented. For the period 1975 to 1990, the mean
collision incidence frequency was 0.296 per installation-year for semi-submersibles (compared
to 0.142 for fixed steel installations).
Table 7
Collision incidence data for Semi-submersibles (UKCS, 1975 – 1990)
Installation
Years

No. of Incidents

Mean Collision
Frequency (x10-1 )

392

116

2.96

The damage due to collisions is separated into levels: none, minor (incidents involving denting
or bending); moderate (incidents involving weld fracture or requiring repair); and severe (where
the calculated absorbed energy exceeds 0.5MJ). Incidents classified as moderate or severe are
called serious. The report highlights that the damage spectrum for semi-submersibles dominates
the spectra for other installations by a significant margin.
Table 8
Collision Damage Data for Semi-Submersibles (UKCS, 1975 – 1990)
Reported Damage
None

Minor

Moderate

Severe

Residual

11

53

35

12

5

The principal primary causes of accidents are misjudgment by the vessel crew, equipment
failure, weather conditions, and mooring/anchoring problems. Misjudgment by the vessel’s
crew is the most common cause claimed in severe incidents especially for semi-submersibles.
Equipment is the next most quoted cause of failure. Weather comes next, but where weather
was reported as the prime failure cause resulted in minor damage or fender damage. The
dominant combination of primary cause with operating circumstances for serious incidents is
misjudgment by the vessel master equipment transfer (19%) for semi-submersibles.

Table 9
Percentage of all accidents attributed to cause factor
Cause
Misjudgment

Equipment Failure

Weather

Mooring and
Anchor Problems

Residual

42.2

19.0

8.6

2.6

27.6
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Table 10
Number of incidents attributable to cause factor resulting in severe damage
Cause
Misjudgement

Equipment Failure

Weather

Mooring and
Anchor Problems

Residual

6

3

0

0

3

It was found that ship sizes are generally increasing. This study showed that the 95 percentile
equalled 6000Te compared to 5000Te as recommended by DnV and the DEn Accidental Case.
Collisions have also been experienced with vessels exceeding 10,000Te.
Vessel orientation is an important factor and influences the added mass and collision velocity.
The difference in stiffness and strength of a vessel’s bows, stern, or side, can affect the amount
of damage caused to an installation. The report states that the stern is the stiffest section and
therefore the part which can cause the most damage to an installation, however, the curves
presented in Figure 2 indicate that broadside impact can be as stiff. Most collisions involve
sideways or stern impacts. Impact orientation data shows that 65% of impacts are with the
vessel stern and that the majority of serious damage cases are stern impacts.
Impact velocity is important. Impact energy is proportional to the square of the velocity. The
95 percentile is reported as 2.5m/s, which is higher than other studies.
A total of 67% of all incidents involved supply vessels, accounting for nearly 70% of all serious
collisions, 26.4% of supply incidents were serious. These percentages were even higher for
semi-submersibles.

Table 11
Percentage contributions to collision frequency and damage by supply vessel and passing vessels
Supply

Passing

% all incidents

% all serious
incidents

% supply
serious

% all incidents

% all serious
incidents

% passing
serious

81.9

85.1

42.1

1.7

4.3

100

3.4

UPDATED INCIDENT DAT ABASE

A update of the study on the ship/platform collision incident database was performed on behalf
of the Offshore Safety Division of the HSE in 1997 9 . The complete database covers a total of
494 incidents of vessel collisions with offshore oil and gas installations, from 1st January 1973
to 30th April 1997.

Page 31

Of the 494 total report incidents, 318 are incidents with supply vessels, 76 incidents with standby vessels, 63 other attendant vessels, and 26 unspecified.
A total of 185 incidents were recorded related to the collision to semi-submersibles. The
breakdown consists of 146 incidents with drilling, 5 incidents with production, 2 with crane, 3
with emergency support, 5 with mobile support, 16 with accommodation, 5 with floating
production and storage, 1 with floating storage, 1 with drilling ship and 1 with barge.
The classification of the damage class used within the report defined as the following;
Severe. Damage affecting the integrity of an installation sufficient to require repair in the
immediate or short term (up to 1 month).
Moderate. Damage requiring repair in the medium (up to 6 months) or longer term (over 6
months).
Minor. Damage not affecting the integrity of the installation.
Of these 185 incidents, 8 were classed as severe, 34 incidents as moderate, and the remainder
resulting in minor or no damage, including 14 incidents where the damage was not specified but
is believed to be minor or none.
It was noted that the probability of a floating installation suffering damage categorized as
moderate or severe is three times more likely than that for fixed installations and six times more
likely than for jack-ups. The reasons for this increased susceptibility are not clear, however it is
possible that it may be due to movement of the semi-sub while moored. Increased risk may also
result from the need for anchor handling.
A summary of the mean incident frequencies for semi-submersibles for all reported incidents
per year is 0.2809, which is similar to the results presented from the data to 1990. While for
Moderate or Severe it is 0.0638, which is lower than the data to 1990 (0.120 = (35+12)/392).
Causation factors for the primary causes have been broken down into 4 main categories.
Analysis of the primary cause field has yielded the main categories; external factors, mechanical
control failure, human control failure, and watch keeping failure.
The primary cause factors of collisions with semi-submersibles cons isted of the 71 external
factors, consisting of 56 due to weather conditions and 13 attributed to anchor dragged. 110
Mechanical Control Failure, 130 misjudgement, 8 operator error, and 14 due to watchkeeping
failure.
3.5

REVIEW OF DAMAGE INCIDENTS

Information about collision incidents in the UKCS incident database was passed to KW by the
HSE and an assessment of the type and form of damage that was reported was made. There
were 177 incidents relating to semi-submersibles in the information provided. 38 of these
resulted in no damage or unspecified damage.
There were 92 instances of reported plating damage with 41 involving stiffeners. There were 19
incidents that resulted in a penetration in the structure and 26 repairs. The descriptions
associated with the penetrations were:
•

hole

7

•

crack

9
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•

tear

2

•

split

1

Of the 92 incidents that resulted in reported dents the dent depth distribution was as shown
below.
16
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0.6

0.65

Dent Depth (m)

Figure 10
Dent Depth following Collision

There were 2 incidents of bracing members being severed. There were 9 instances where the
fender took the impact.
The following were the key findings of the review:

•

Damage to column can involve:
o

Denting of shell plating

o

Displacement of stiffeners

o

Plating perforation and water ingress can occur without significant denting

•

Some columns were impacted several times

•

Other areas can be hit
o

Bracing can also be damaged or severed

o

Funnels can hit e.g. life boats
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3.6

ATTENDANT VESSEL SIZE

The study that led to the development of the Guidance investigated the size of the attendant
vessels, including supply boats in operation and under construction. The relevant Figure is
Figure 5.3, which is reproduced in Section 2.3.6 above.
It can be seen that the 95% of the vessels had a displacement of less than 5,000 tonnes. The
same result was reported and used by DnV considering vessels registered with Veritas at that
time.
It was reported that new large supply vessels were being considered. It was therefore
recommended that steps should be taken to ensure that any recommendations that are adopted
do not become outdated. It was suggested that this be done by either:
1. updating the design size of supply vessels; or
2. by introducing operational restrictions on the size of supply vessels exceeding the
specified design size.
For this study a review of the supply boats being used in the North Sea was undertaken. Details
from Petrodata were reviewed to review the number, size and type of vessels being used in the
North Sea.
Details of 36 vessels classified as supply boats were obtained for review in greater detail.
The following plot compares the dead weight tonnage reported for:
1. the supply boat population as considered during the original study
2. all vessels classified as supply boats listed in Petrodata as working in the North Sea
3. the supply boats for which detailed data were available
It can be seen that the vessel for which details were collected are representative of the complete
population identified in the Petrodata information.
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Figure 11
Supply Vessel DWT Comparison

The displacement of the vessels for which details were collected are presented in the following
Figures, as a histogram and as a cumulative displacement size.
The displacement was calculated using the relationship between DWT and displacement used in
the original study (see Figures 5.3 and 5.4) and verified by using the block coefficient where all
dimensions were known.
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Figure 12
Displacement of Vessels in Table 12
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Figure 13
Cumulative Displacement of Vessels in Table 12
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10000

12000

It can be seen that the size of vessel has increased since the original study and that half the
vessels for which data were obtained have a displacement greater than 5000 tonnes.
This has implications for the magnitude of any potential impact and the perceived safety of an
installation designed to withstand the accidental impact event.
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Table 12
Vessels for which Data were obtained for the Study
Name

Year

Length

Breadth

Depth

DWT

Deck Load

Displacement

m

m

m

Tonnes

Tonnes

Tonnes

Ace Nature

4300

6831

Ace Navigator

4300

6831

Boa Carrier

2250

3683

Edda Frende

1991

84.1

17.5

7.3

3700

5910

Edda Freya

1991

84.1

17.5

7.3

3700

5910

Edda Frigg

1996

84

18.7

7.3

4200

6677

Gargano

1975

63.94

13.01

6.3

3300

Guardsman

1375

5295

2028

3342

Highland Fortress

1982

77.8

17.5

7.3

3200

5142

Highland Pride

1992

81.9

18

7.1

3075

4950

4049

6446

Highland Warrior
m.v. Stirling Aquarius

1991

81.9

18

5.7

4100

2500

6524

m.v. Stirling Clyde

1996

82.85

19

6.35

4679

2700

7413

m.v. Stirling Pegasus

1992

68.83

17.5

5.77

3100

1800

4988

Maersk Feeder

1993

82.5

18.55

7.6

4600

7292

Normand Carrier

1996

84

18.8

7.6

4320

6862

North Crusader

1984

72

14.4

7.7

2064

3397

2100

3452

Northern Mariner
Oil Tracer

1982

68.5

17.51

7.4

2425

3951

Oil Transporter

1983

80.77

18

7.1

3200

5142

Olympic Commander

2500

4067

Olympic Princess

4300

6831

3100

4988

Skandi Hawk

1990

81.9

Stirling Altair

1985

2584

4196

Stirling Capella

1983

2386

3892

Stirling Dee

1985

2114

3474

Stirling Esk

1986

2151

3531

Stirling Forth

1996

Stirling Fyne

1982

2649

4295

Stirling Spey

1999

4679

7413

Stirling Tay

1998

4679

7413

Stirling Vega

1983

2386

3892

4300

6831

7000

10978

Waveney Castle

3115

5011

Waveney Fortress

3115

5011

82.85

18

19

7.1

6.35

Stream Truck
Viking Lady

1996

92.4

22
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8.6

4679

2700

7413

3.7

IMPACT VELOCITY

No additional data were found regarding the impact velocity.
3.8

ASSESSMENT OF LIKELIHOOD OF IMPACT

3.8.1

Introduction

Collision can occur between a semi-sub and a number of types of vessel:
•

Passing Vessels
o

Merchant

o

Supply Vessel on route to other field

•

Fishing Vessel

•

Attendant Vessel

•

o

Supply (approach or transfer operations)

o

AHT, etc

o

Standby Vessel

Shuttle Tanker

The objective of the study reported here is to provide HSE with an initial assessment of the
requirement for an update of the recommended likely impact energies in the current 4th Edition.
This design guidance is based on impacts involving attending or supply vessels and does not
cover high-energy impacts, involving passing vessels or large vessels. However, the risk from
high energy impacts needs to be shown to be acceptable. The following details risk models that
have been proposed to allow calculation of the likelihood of collision. More detailed
explanation can be found in Reference [10].
3.8.2

Passing Vessels

Passing vessels can be defined as vessels on route to a different destination. The routes that
such a vessel takes are assumed to be defined.
The likelihood of such collisions can be determined from tools such as COAST or COLLIDE.
Alternatively, the likelihood of impact of specific areas of the semi-sub (F) can be determined
for each route considering:
Fpv = N.P1.P2.P3.PSS
Where:
N=

the number of vessels passing in the lane per year

P1 =

the probability of being on a collision course per pass. This is often called the
geometric collision probability and will depend upon the width of the installation and
the vessel and the size of the shipping lane and the location of the installation relative
to the shipping lane.

P2 =

the probability of loss of control onboard the ship, when on a collision per pass,
typically specified by a time period of 20 min. There are different reasons for this
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loss of control (e.g. Absence from bridge, absorbed in other tasks, accident, asleep,
alcohol/drugs, radar failure/visibility) and a recommended value for it is 2 10-4 .
P3 =

the probability of failure to warn or divert the vessel on a collision course, or failure
to recover from its errant state. This is the factor that is dependent upon the
contingency measures on the installation, such as standby vessels.

PSS =

the probability of hitting a specific part of the semi-sub. The consequences of impact
of various parts are different and emergency actions may differ depending upon
which part may be hit. Examples of the consequences for impact on 8 different areas
as identified by TransOcean Sedco Forex are given in Section 5.

3.8.3

Random Moving Vessels

A different basis is needed for calculation of the likelihood of collision of vessels that are
powered but travel more randomly than vessels in shipping lanes. These include vessels such as
Fishing or Navy vessels and other offshore activity such as Drilling or Construction.
The likelihood of such collisions can be determined provided an estimate of the density of such
traffic is known from the following:
Frv = (365.24.V.D.ρ).P2.P3.PSS
Where:
V=

the vessel speed (km/h)

D=

the collision diameter of the installation

ρ=

density of vessel type (per square km)

P2 =

the probability of loss of control onboard the ship, as passing vessel.

P3 =

the probability of failure to warn or divert the vessel on a collision course, as passing
vessel.

PSS =

the probability of hitting a specific part of the semi-sub.

3.8.4

Drifting Vessels

The most likely drifting vessel is the standby vessel. The following model is described in terms
of the standby vessel, but it applies equally to other vessels.
The velocity of a drifting vessel depends upon the weather conditions, as described in Section
2.3.5. Therefore the frequency that is needed is the likelihood of a given vessel drifting in a
given sea state. This frequency is given by:
Fdvss = Nt.P4.F5.P6.PSS
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Where:
Nt =

the number of vessel hours per year in the sea state being considered

P4 =

the geometric probability of hitting the installation. If it is assumed that the vessel
will be randomly positioned independent of weather conditions this is given by
(D/2πR). This will be conservative since a standby vessel will normally be
downwind of the installation unless in has a special duty.

D=

the typical collision diameter of the installation plus the averaged dimension of the
vessel (Wss + 0.5(Bvessel + Lvessel)

R=

radius of vessel location from installation (typically 1 km for stand by vessels)

F5 =

the frequency of an event leading to the vessel drifting. This is assumed to be a
frequency of machinery breakdown per hour for standby vessels (typically 1.4 10-5
per hour)

P6 =

the probability of failure to correct the situation, which will be taken as 1 for a
machinery failure on a standby vessel.

PSS =

the probability of hitting a specific part of the semi-sub.

3.8.5

Vessels Approaching the Installation

The vessels most likely to approach the installation are supply vessels. The likelihood of
collision for these events can be determined from the historical data.
The impact velocity estimates given in Section 2.3.5 for a manoeuvring vessel do not depend
upon sea state.
The frequency can also be generated in a similar way to passing vessels.
Fav = N.P1.P2.P3.PSS
Where:
N=

the number vessel approaches per year

P1 =

the probability of being on a collision course per approach. If the supply vessel uses
the installation as the final navigational target this will be 1.

P2 =

the probability of loss of control onboard the ship, when on a collision course. This is
lower than for a passing vessel since the crew know the installation exists and so a
recommended value for it is 2.7 10-6 .

P3 =

the probability of failure to recover from its errant state.

PSS =

the probability of hitting a specific part of the semi-sub.
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3.8.6

Vessels Loading/Unloading at the Installation

The vessels most likely to be loading/unloading the installation are supply vessels.
likelihood of collision for these events can be determined from the historical data.

The

The impact velocity estimates given in Section 2.3.5 for a loading vessel do depend upon sea
state and so the likelihood of collision in a given sea state may be needed.
The frequency can also be generated in a similar way to drifting vessels.
Fdvss = Nt.P4.F5.P6.PSS
Where:
Nt =

the number of vessel hours per year in the sea state being considered

P4 =

the geometric probability of hitting the installation. Since the vessel will be at the
installation this could be taken as 1, however there may be restrictions on operations
depending on weather conditions that should be considered when determining this
value.

F5 =

the frequency of an event leading to the vessel drifting, either a technical failure or
faulty maoeuvring.

P6 =

the probability of failure to correct the situation, which will be taken as 1 since the
vessel will be at the installation.

PSS =

the probability of hitting a specif ic part of the semi-sub, which will depend upon
where the loading is occuring.

3.8.7

Shuttle Tankers

The likelihood of impact involving shuttle tankers can be considered from the approach and the
drifting vessel methodologies.
Historical evidence suggests a maximum impact energy of 37 MJ.
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4 ASSESSMENT OF DAMAGE FROM COLLISION
4.1

INTRODUCTION

The previous sections have reviewed the available data and potential for collision incidents
involving semi-submersibles. The objectives of the work described in this section were to:
• Identify the various modes of response of the thin walled hull of a semi-sub to collision
impact
• To review typical semi-sub designs and assess the resistance to collision impact damage
The tasks undertaken to achieve the objectives described above were to:
• review the mechanics of ship collisions
• collate the information obtained on typical semi-sub design, provided by TransOcean
• determine possible mechanisms based on experience and previous analysis of thin walled
shell structures
• apply finite element and simplified methods of analysis to assess the likely levels of damage
• determine the likelihood of penetration of the inner skins on legs
The detailed analysis presented in the following considers a range of impact scenarios. The
consequences of impact are assessed using the information provided for representative semi
subs identified from TransOcean Sedco Forex fleet of drilling semi-subs.

4.2
4.2.1

COLLISION IMPACT MECHANICS
Introduction

Semi-subs are often employed in deeper waters instead of drilling rigs as mobile drilling
platforms. They can also be used as floating production systems. In general a semi-sub is
moored to the seabed by anchors disposed in all directions. It is therefore free to move
vertically but is effectively constrained to remain within few metres of its normal horizontal
position. Semi-subs have high inertia and their motions are slow. Therefore the causes of
collision with a semi-sub on station can be regarded to be similar to that with a fixed installation
and collisions between an attending vessel and a semi-sub are most likely to occur while the
vessel is drifting or manoeuvring. As described in Section 2, the impact velocity of drifting
vessels adopted in codes is related to the significant wave height of the prevailing sea state, e.g.
DnV and DEn Guidance Notes, and, under normal manoeuvring of attending vessels, the impact
velocities are assumed to be up to 2 m/s.
It is noted that collisions between semi-subs that are on the move between sites and their
supporting vessels have been recorded. An example of this can be found in the WOAD 1983
Annual Statistical Report, which stated 18 out of 157 reported collisions involving mobile units
occurred during transfer. Although, WOAD is not accurate in terms of absolute numbers it does
show that incidents collisions can occur during semi-sub transfer. However, these have not
been specifically considered in this section.
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The objective of the work presented in this Section is to assess the energy absorption capacity of
semi-submersible structures in collision with a vessel. The response of a vessel and an
installation following collision depends on the impact geometry, the energy absorption
capacities of the two structures, the impacting force and its duration.
As can be seen from the incidents reported, impacts on the sides (broadside) and ends (bow and
stern) of vessels have been recorded. In addition, two types of vessel impacts on a semi-sub can
be envisaged:
1. Central impact where the impact force vector runs through the centre of gravity of
the colliding vessel.
2. Non-central or off-centre impacts where the force vector is eccentric to the centre of
gravity of the vessel. In the later case some of the initial kinetic energy remain as
rotational energy after impact. Consequently this would reduce the energy that the
installation has to absorb.
A central impact is the worst impact and hence it is recommended for design.
The simplified impact mechanics methods that can be used to quantify the magnitude of the
impact and the corresponding representative design events are described in the following
sections.

4.2.2

Impact Mechanics

A ship or vessel collision damage potential is characterised by a kinetic energy, determined by
the mass of the ship, including hydrodynamic added mass and the speed of the ship at impact.
The vessel impact speed can be caused by wave-induced motions or during manoeuvring or
through some human error. Depending on the impact conditions, part of the energy may remain
as kinetic energy after impact. However, some kinetic energy has to be dissipated as strain
energy in the installation and possibly in the vessel.
The study of mechanics of collision is centred on the solution of differential equations of
dynamic equilibrium. However, the analysis of collisions is usually based on the principles of:
•

Conservation of momentum

•

Conservation of energy

The principle of conservation of momentum yields the following for a ship colliding with an
installation (semi-sub)
(ms + as ) vs + (mi + ai ) vi = [(ms + as )+ (mi + ai )] vc

1)

The principle of energy conservation yields the second equation
½ (ms + as ) vs 2 + ½ (mi + ai ) vi 2 = ½ [(ms + as )+ (mi + ai )] vc 2 + Es
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2)

Where
ms =

vessel mass

as

=

vessel added mass

vs

=

impact velocity

mi =

mass of installation

ai

=

Added mass of installation

vi

=

velocity of installation

vc

=

Common velocity of vessel and installation after first period of impact
(possible elastic rebounds not considered)

Es =

Strain energy dissipated by the vessel and insta llation

From equations 1) and 2), the total strain energy dissipated by the installation (semi-sub) and
the striking ship is given as follows:

vi 2
)
1
vs
2
E s = ( ms + as )v s
m + as
2
1+ s
mi + a i
(1 −

3)

For a central impact between a supply vessel and an installation with mi >> ms and assuming
that no motion occurs after the collision equation 3) simplifies to the following equation:
Es = ½( ms + as )vs 2

4)

Equation 4) implies that the kinetic energy of a striking vessel is completely absorbed by the
vessel and the installation in the form of strain energy and is usually considered for collisions
with fixed installations.

4.2.3

Representative Collision Events

From the equations given above it can be seen that the representative collision events to be
considered depend upon:
•

Vessel velocity at impact

•

Vessel size

•

Vessel added mass

•

Semi-sub displacement

•

Semi-sub conditions at impact
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The guidance available on vessel impact is described in Section 2. The information suggests
that operational impact velocity varies with weather conditio n and may be higher than 0.5 m/s.
However, the information confirms the attendant vessel upper bound impact velocity of up to
2.0 m/s.
The mass of the impacting vessel should be set with due consideration to current size
distribution of the category and anticipated development over the design life of the installation.
For visiting vessels the trend shows increase in size. Some vessels exceed the design limit of
5000 tonnes considered in the DEn Guidance Notes. Although restrictions may be imposed on
operation and size of visiting vessels, it is still considered appropriate to investigate the potential
effects of a larger vessel. Based on Section 3.6, a vessel size of 9,000 tonnes displacement has
been selected.
The added mass accounts for the hydrodynamic forces acting on the vessel during impact. It
depends generally on the several factors such as the shape and draught of the vessel and
duration of impact. In line with current guidance an added mass of 0.4 of the total vessel mass
for sideway collision and 0.1 of the total vessel mass for frontal collision has been assumed to
apply. If the duration of impact is long the sideway impact added mass may exceed the above
recommendations.
The energy to be absorbed by the vessel and semi-sub is reproduced graphically in Figure 14 for
vessels of displacements of 5000 and 9000 tonnes at impact velocity of 2 m/s. It can be seen
that the larger the semi-sub the more the energy to be absorbed. For the two vessel masses
considered, the maximum energy for side and frontal impacts is summarised in Table 13. The
deduced maximum energies corresponding to the 5000 tonne displacement vessel are, of course,
the values recommended for accidental collision impact for fixed installations. However, it can
be seen that the effect of impact from a larger vessel can be significant

Table 13
Absorbable Strain Energy (mi >> ms)
Ms (Tonnes)

Vessel Velocity
(m/s)

Strain Energy for
Side Impact
(MJ)

Strain Energy for
Frontal Impact (MJ)

5000

2.0

14.0

11.0

0.5

0.9

0.7

2.0

25.2

19.8

0.5

1.6

1.2

9000

Of potentially most significance is the increase in energy at the lower veloc ity. When the
Guidance Notes were written the average vessel size at the typical design velocity of 0.5 m/s
tied in with the experience of damage observed being mostly less than 0.5 MJ. Now that vessel
size has increased this relationship does not hold. However, there has been no increase in the
reported level of damage to semi-subs. It may be better to redefine the operational event the
2,500 tonne vessel at 0.5 m/s with a more representative vessel but at more representative
berthing velocities as defined in standards, such as those given in the Background Study.
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24

Total strain Energy to be absorbed (MJ)

22

Side Impact ms = 9000 T

20
Frontal Impact ms = 9000 T

18
16
Side Impact ms=5000 T

14
12
10

Frontal Impact ms=5000 T

8
6
4
2
0
0.00E+00 2.00E+04 4.00E+04 6.00E+04

8.00E+04 1.00E+05 1.20E+05

1.40E+05 1.60E+05 1.80E+05

2.00E+05

Mass of Installation (mi + ai) Tonnes

Figure 14
Strain Energy absorbed v Mass of Semi-sub, Vs = 2m/s, Vi = 0 m/s

The following details have been considered in the example calculations that follow.
Table 14
Impacting Vessel and Semi-sub masses
Ship Size

ms (Tonnes)

5000

9000

Ship Added Mass

as / ms

0.4 – side impact
0.1 – frontal impact

Semi -Sub Size

mi + ai (Tonnes)

40,000

Ship Velocity

v s (m/s)

2.0

For the typical size of semi-sub displacement considered above the available impact energy is
reduced by approximately 10-25% due to the residual velocity, Vc, as shown below
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Table 15
Accidental Strain Energy for Example Semi -Sub
Ms
(Tonnes)

Strain Energy for
Side Impact
(MJ)

Reduction from
Fixed Installation

Strain Energy for
Frontal Impact (MJ)

Reduction from
Fixed Installation

5000

11.9

15%

9.7

12%

9000

19.2

24%

15.9

20%

50
45

Total Energy to be absorbed (MJ)

side impact, ms=9000t

40
35

frontal impact,ms=9000t

30
side impact, ms = 5000t

25
20

frontal impact, ms= 5000t
15
10
5
0
-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

Vi / Vs

Figure 15
Total Strain Energy to be absorbed by Vessel & Semi-sub, Vs=2m/s (Eq. 3)

Figure 15 shows the effect of impact with a moving semi-sub and reveals that for collisions
involving a moving semi-sub and a striking vessel the absorbable energy can exceed the kinetic
energy of the striking vessel. This is possible when the two structures move towards each other
just before impact. It is possible to modify the required energy absorption levels for fixed
installations to suit the requirements for semi-submersibles either by directly making use of this
Figure or by applying multiplication factors. The main difficulty is in the estimation of the
velocity of the semi-sub at the time of impact. No information was found on this parameter.

4.3
4.3.1

ENERGY DISSIPATION
Introduction

Section 4.2 has presented the amount of strain energy that occurs as a result of collision. The
means of dissipation of the strain energy can involve large plastic deformation and structural
damage to either the installation or vessel or both.
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The relative strain energy dissipation can be estimated from force-deformation relationships for
the installation and the vessel. These force-displacement curves can be obtained either
theoretically or through experiments. For a given impact load level the total absorption energy
Es is given by the sum of the areas under the individual force-displacement curve, as shown in
Figure 16. The distribution and extent of damage depend strongly on the stiffness of each
structure. Generally, the impact force-indentation relationship is non-linear and therefore
incremental analysis such as FE analysis is required. This is considered in detail in the
remainder of this Section.

Figure 16
Example Impact Load-deformation curves for Vessel and Installation (Semi-sub)

4.3.2

Derivation of Load-Deformation Relationships

The load-deformation relationships for striking vessels and the installation are established
independently of each other. It is assumed that one structure is ‘rigid’ and the other ‘soft’ to
deform so that the load-deformation behaviour can be established independent of each other.
The assumption here is that there is no interaction between the two structures at contact
regarding sharing of energy absorption or of impact force. This approach has limitations since
both structures will dissipate energy regardless of their relative strength. In this present study
the interaction at contact is neglected. One structure is assumed ‘rigid’ and the other ‘soft’.
The independent impact force – deformation curve for the impacting vessel considered in the
collision assessment is reproduced in Figure 17.
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Figure 17
Impact force – Indentation for Vessels

The mechanisms by which a semi-sub will absorb the energy of a collision are quite different
from those for a fixed platform. As shown above, a semi-sub may be able to reduce the forces
of impact during a collision by moving with the colliding vessel much more than a fixed
platform can. However, more importantly, a semi-sub is a thin-skinned structure that absorbs
energy by crumpling and tearing.
Impact on the stiffened columns of representative semi-subs has been considered in the
analytical study to determine the load deformation relationship. Different types of semi-sub
structural designs have been considered with the help of TransOcean. The assessment has been
based both on simple analysis of plastic and buckling deformation as used at the time the DEn
Guidance was prepared, and finite element modelling.

4.3.3

Details of Semi-Subs Considered in Study

In order to establish the representative load-deformation curves for the impacted structures, this
study examined the impact on the columns of three of Trans-Ocean Sedco Forex drilling semisubs. These semi-subs were the TransOcean Sedco Forex Discoverer, TransOcean Sedco Forex
Leader and Sovereign Explorer that belong to the Aker H3, Aker H4 and GVA 4000 design
series. The relevant technical details of the three semi-subs are summarised below.
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•Aker H3 – e.g. Transocean Discoverer
Design

Aker H-3 column
stabilized semi-sub

No. of Columns

8

Length (m)

108.20

Breath (m)

67.36

Main Deck Elev. (m)

36.58

Column Height (m)
Pontoon Dimen. (m)

Width = 10.98, Height = 6.71

Operating details (m)

Max water depth= 400, drilling depth = 8200

•Aker H4.2 – e.g. TransOcean Sedco Forex Leader
Design

Aker H-4.2 self-propelled
semi-submersible

No. of columns

8

Length 9m)

77

Breadth (m)

67

Main Deck
Elevation (m)

36.50

Large Column (m) Elev. = 39.70
Pontoon details (m) Length = 110.00, width = 73.20, Height = 7.80

•GVA 4000 – e.g. Sovereign Explorer
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Design

Enhanced GVA 4000,
with 1 outstand fendering

No. of Columns

4

Total Length (m)

94

Breath
(m)

moulded 78

Main
Deck 41.00
Elevation (m)
Large Column Top 44.00
Elevation (m)
Pontoon Width (m) 308 Ft
Column Diameter 12.9
(m)
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Table 16
Semi - submersible Column Details

4.3.4

Column Label

H3 SC
(Small
column)

H3 LC
(Large
column)

H4 LC
(Large
column)

GVA 4000
(Fender)

Radius (mm)

2901.80

3969.30

5009.00

7456.30

Wall Thickness (mm)

13.50

18.50

18.00

12.50

Ring stiffener spacing

850.00

1250.00

1250.00

1800.00

Vertical stiffeners
(stringers)

yes

yes

yes

Yes

Yield stress (MPa)

234.00

234.00

234.00

360.00

Young’s Mod. Ecylinder
(MPa)

0.207E6

0.207E6

0.207E6

0.207E6

Response to Impact of Semi-Sub

Impact energy will be absorbed by steel structures in different ways. The two main modes of
energy storage or transfer are:
o

Elastic strain energy;

o

Plastic strain energy.

Minor collisions and impacts resulting from normal operations will normally be dissipated by
elastic strain energy, the effects of which are completely recoverable. In larger collisions a
minor proportion of the impact energy will be dissipated elastically but a significant proportion
of the energy will be transferred into plastic strain energy. This will be accompanied by
permanent deformation at the impact location.
The five main ways of relieving the energy are:
o

Local deformation of member cross-sections;

o

Beam type deformation neighbouring joints;

o

Global deformation of adjoining frame;

o

Overall deformation of the installation;

o

Tearing

Local indentation is most likely to occur in members with large diameter/thickness ratios such
as semi-sub columns.
There are several methods for predicting the associated damage of colliding structures. In broad
terms they can be predicted
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o

Experimentally;

o

Analytically

The experimental methods range from real vessel/installation collisions to small-scale tests of
idealised models. Such experimental work was performed as part of the Cohesive Buckling
Programme. These tests confirmed that analytical methods, such as finite element analysis or
theoretical models, could be used to model the local indentation expected for damage to semisubs.
Impact has been observed with brace members as well as semi-sub legs.
ENERGY DISSIPATION IN BRACE MEMBERS
It is convenient to consider the response of an impacted un-stiffened cylinder, such as a brace
member, in terms of strain energy dissipation in four different modes:
o

Local denting and crushing of the tube wall of the hit member at the point of
impact;

o

Beam deformation of element impacted;

o

Global deformation of semi-sub structure as a whole;

o

Tearing at the Joint.

The first two modes involve considerable plastic energy absorption. The global semi-sub
response is mainly elastic, possibly with some dynamic effects involved. Often the contribution
to energy absorption from global deformation is conservatively neglected in the analysis.
In the initial stages of deformation of a cylinder due to lateral load, the response is governed by
bending effects that are affected by the local denting under the load. In this stage the bending
capacity will also be reduced if local buckling on the tube wall occurs on the compression side
of the member section. As the beam undergoes finite deflection, the load carrying capacity may
increase considerably due to the development of membrane tension forces. This depends on the
ability of the adjacent structure to keep the tubular joints fixed in space. Provided that the
adjacent structure does not fail, the energy absorption capacity is restricted either by excessive
straining of the tube or joint failure.
It is noted that braces are designed to be redundant and so impact with them will not in a
significant hazard to the installation provided that the brace prevents the vessel progressing
further into the installation.
Energy Dissipation in Stiffened Cylinders
The stiffened cylindrical columns of semi-subs (diameter ≅ 5 - 10m) are considered short and
stocky, so that essentially the overall bending deflections produced by lateral impact loading are
insignificant. The semi-sub column response is therefore confined to the development of
localized plastic deformation. Thus of the four strain energy dissipation mechanisms mentioned
above for un-stiffened cylinders, energy absorption in local denting and crushing is the only
significant mechanism.
The energy dissipation would occur by membrane stretching of shell plating and longitudinal
stiffeners (if present) and radial deformation of ring stiffeners. This may lead to significant
plastic straining and material tearing. This implies that the strain energy absorption capacity of
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an impacted stiffened column will depend on the shell dimensions, stiffeners sizes, their spacing
and the impacting load.

4.4
4.4.1

FE ASSESSMENT OF DAM AGE
Introduction

This study focused on damage to the ring-stiffened columns since impact of the semi-sub
columns is more critical, in terms of stability and stiffness of the semi-sub, compared to impact
with braces. The columns are built-up shell plates stiffened vertically (stringers) and
horizontally (ring stiffeners) and are also partitioned by watertight horizontal flats.
The objective was to establish the force-deflection response for the columns, details of which
were given in Section 4.3. These could be combined with the appropriate curve from the
impacting vessel and then used calculate the strain energy absorbed by each of these structures.
The strain energy absorbed is simply the area under the appropriate impact force-indentation
response curve. A typical response for an attending vessel was taken from Figure 17.
For the columns of semi-submersibles, the overall contribution of bending deformations to
energy dissipation due to lateral collision is less significant. This implies that majority of the
response is confined to localized plastic deformations. It is therefore not necessary to model the
full length of the semi-sub columns in order to capture the desired response at impact. Thus, in
this work only 3 ring-stiffened panels of the columns were analysed.
The dent assessment for the columns of the Aker H3 and H4 semi-subs shown in Table 16 has been
carried out using finite element analysis. The FE models were created and solved using ABAQUS
Version 6.1. A plot showing the initial un-deformed model is shown in Figure 19.

4.4.2

FE Analysis

Collision response analysis is a non-linear problem. The non-linearity is due largely to excessive
plastic deformations associated with the denting process. This may lead to material puncture or tear
and loss in member stiffness. An incremental non-linear FE analysis is strictly required in this study
and this was performed accounting for both geometric and material non-linearity. The material nonlinear behaviour or hardening was modelled through the Ramberg-Osgood stress-strain formulation.
The 0.2% proof stress and an ultimate stress taken as 1.25 times yield at 20% total strain was applied.
The material stress-strain relationship is shown in Figure 18. The dimensions of the column sections
are given in Table 4.4.
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Figure 18
Material stress-strain relationship - Ramberg-Osgood Curve

By symmetry only one-half of the column section needs to be modelled in ABAQUS. A mesh of 8noded stress displacement brick elements is used, with two elements through the thickness and 48
around the pipe half section. Only three bays of the ring-stiffened shells were modelled in the
analysis. The ring-stiffeners were represented as rigid members of equivalent stiffness equal to 1000
times the stiffness of the cylinder material. The un-deformed FE model is shown in Figure 19
The collision was modelled as a crushing of a pipe by a rigid body. The impacting vessel was
considered rigid and its contact surface modelled as analytical rigid surface in ABAQUS. The rigid
surface was allowed to move laterally into the deformable column and dent it in small increments.
The mechanical interference between the contact surfaces was assumed to be frictionless. Typical
dented models are shown in Figure 20 and Figure 21.
The reaction forces on the rigid surface reference node and the external work done at each stage of
indentation were extracted from the analysis. The external work done corresponds to the area under
the force-indentation curves.
No initial axial stress was applied to the model. The later work with plastic mechanisms reported in
Section 4.5 demonstrates that the effect on the results will not be significant.
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Figure 19
Undeformed FE Model

Figure 20
Typical Deformed Shape after Impact
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Figure 21
Typical Deformed Shape after Impact

4.4.3

FE Results

The FE analysis established the impact force – indentation relationship for the three columns at
impact as shown in Figure 22. The columns show significant reduction in stiffness when the
indentations exceed those values presented in Table 17. These can be considered as the critical
indentation limits for the semi-sub columns in terms of strength in the event of a collision. Dents
greater than these values will result in rapid progressive reduction in effective section area of the
columns. Also shown are the values for a 1.5 m limiting displacement. Of concern is the column
where the peak load is reached prior to the 1.5 m being reached. It is unlikely that this would be
determined except by detailed analysis, as shown in the comparison with theoretical analyses shown
in Section 4.5.
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Table 17
Maximum Impact Force and absorbed strain energy (FE Analysis)
Column
Identifier

Case

Impact Force
(MN)

Indentation of Columns
(m)

Strain Energy absorbed
by column (MJ)

H3SC

Max

7.07

1.12

4.86

Limit

3.90

1.50

6.66

Max

10.55

1.62

9.72

Limit

10.12

1.49

8.38

Max

13.19

1.82

13.22

Limit

11.53

1.50

9.16

H3LC

H4LC

Impact Force - Indentation for Columns (FE Analysis)
1.40E+04

1.20E+04

H4LC

Impact Force (KN)

1.00E+04

8.00E+03

H3LC
6.00E+03

4.00E+03

H3SC
2.00E+03

0.00E+00
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Indentation (m)

Figure 22
Impact Force on Columns (FE Analysis)

The ‘staircase’ pattern predicted at the early impact force increments in Figure 22 are caused by the
discrete contact that occurs in the model at the lower indentations. It must be noted that contact is
detected only at the nodes of the contact slave surface. A finer meshing would have produced a
smoother response. However, the response path that would have been produced is evident from these
plots and it is unnecessary to modify the model and rerun. At higher indentations > 600mm sufficient
contact with the slave surface is achieved and smoother responses are predicted.
The variation of the total strain energy as a function of column indentation is presented in Figure 23.
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FE Analysis Results: Energy Absorbed by Columns
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Figure 23
Strain Energy Absorbed by Columns (FE Analysis)

The elastic and plastic strain energy absorbed by these columns at 4 m indentation has been deduced
from the FE analysis and summarised in Table 18.

Table 18
Elastic and Plastic Energy Absorbed
Column Ident

Elastic Energy
Absorbed (MJ)

Plastic Energy Absorbed
(MJ)

H3SC

0.04

12.2

H3LC

0.70

22.5

H4LC

0.75

28.0

The load deformation relationship of the impacting vessel (side impact and bow impact) has been
obtained from reference [5] and plotted together with those of the columns in Figure 24. It can be
seen that the vessel is much stiffer than the semi-sub columns and so can be expected to absorb less
energy.
The situation would be worse with impact from a larger vessel as indicated by the load deformation
curves presented in Section 3.3.
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IMPACT FORCE - INDENTATION
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Figure 24
Impact Force – Indentation at Impact (columns and vessel)

The area under each curve represents the strain energy absorbed by the appropriate structure. Figure
25 shows the distribution of energy between a column and its impacting vessel.
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FORCE and ENERGY (Vessel and Semi-sub)
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Figure 25
Strain Energy absorbed by Columns and Impacting Vessel

The strain energy absorbed by each of the columns at maximum impact force is presented in Table
17. All three columns are capable of absorbing energy in excess of 4 MJ minimum energy
recommended by DEn and noted as the upper bound from recorded incidents.
The total absorbed energy (column and vessel) at maximum impact force is given in Table 18 and
Table 19 for bow and side impact respectively.
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Table 19
Total Strain Energy absorbed during Bow Impact

Strain Energy (MJ) absorbed (Bow Impact)
Column

Semi-subcolumn

Vessel (Bow
impact)

Total energy

Id.

Column
Indentation
(m)

H3SC

1.12

4.86

5.02

9.88

1.50

6.66

5.02

11.68

1.62

9.72

7.47

17.19

1.50

8.38

7.22

15.60

1.04

4.31

5.38

9.69

1.82

13.22

9.25

22.47

1.50

9.16

8.07

17.22

0.97

3.99

5.72

9.70

H3LC

H4LC

For bow impacts, the Guidance Notes accidental impact energy to be absorbed by the installation and
vessel for a fixed structure is 11 MJ, reducing to 9.7 MJ allowing for semi-sub movement. It can be
seen that all columns are able to withstand the 9.7 MJ event with deformations of less than 1.1 m.
However, only columns H3LC and H4LC are capable of absorbing combined strain energy for an
event excess of 9.7 MJ without exceeding the maximum force condition identified in Table 17. An
11 MJ event will result in indentations of less than 1.5 m.
For bow impacts at 2 m/s with a 9,000 tonne displacement vessel, the impact energy to be absorbed
by the installation and vessel for a fixed structure is 19.8 MJ, reducing to 15.9 MJ allowing for semisub movement. Only the larger columns could withstand this event, with displacements close to
1.5 m.
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Table 20
Total Strain Energy absorbed during Side Impact

Strain Energy (MJ) absorbed (Side Impact)
Column

Semi-subcolumn

Vessel (Side
impact)

Total energy

Id.

Column
Indentation
(m)

H3SC

1.12

4.86

0.39

5.25

1.50

6.66

0.39

7.05

1.62

9.72

1.07

10.79

1.50

8.38

0.97

9.35

1.76

10.83

1.07

11.90

1.82

13.22

1.78

15.00

1.50

9.16

1.31

10.47

1.60

10.39

1.49

11.88

H3LC

H4LC

For side impacts, the Guidance Notes accidental impact energy to be absorbed by the installation and
vessel for a fixed structure is 14 MJ, reducing to 11.9 MJ allowing for semi-sub movement. It can be
seen that no columns are able to withstand the 11.9 MJ event with deformations of less than 1.5 m.
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Figure 26
Distributed Strain Energy at Impact – Bow Impact
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Figure 27
Distributed strain Energy at Impact – Side Impact

4.5

REVIEW OF THEORETICAL PLASTIC DENTING MODELS

The response of stiffened and unstiffened shells to denting appropriate to semi-sub columns was
investigated as part of the Cohesive Buckling Programme [4], sponsored by SERC and the DEn.
This involved both experimental and theoretical work and the results formed the basis of the
models developed to predict the energy involved in collision incidents involving semi-subs.
Key papers from this Programme appropriate to semi-subs are References 11, 12, 13 and 14.
The Background Study for the Guidance Notes used the available results from this Programme,
which was completed after the Background Study was complete. However, the test results and
recommended models were completed before the work in the Background Study was finalised.
The analyses in the Background Study concentrated on estimating the energy involved given a
residual (i.e. measured) dent depth. It was concluded that the elastic energy was a small
component of the energy absorbed by the installation in the collision and so plastic models were
used.
The values from the FE analyses presented above are the total load and energy for a given dent
depth. The residual dent depth will be less than the value presented. This can be seen in the
following plot of Figure 28 which compares a plastic theoretical model based on that used in the
Background Study with the FE results for the larger column on the Aker H3 (H3LC).
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Figure 28
Comparison of Plastic Theory with FE – H3LC

The same was found when the FE results were compared with the theoretical models for the
other two columns, see Figure 29 and Figure 30.
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Figure 29
Comparison of Plastic Theory with FE – H4LC
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Figure 30
Comparison of Plastic Theory with FE – H3SC

However, the results from the plastic mechanism model will depend upon the assumptions used
in its derivation. The above analyses considered an axial stress and a hoop stress of 1/sqrt(3)
yield[11] , i.e. the ring stiffeners are assumed to be rigid and prevent axial movement. A different
assumption about the state of stress in the plastic model can alter the theoretical prediction.
This can be seen in the following plots that compare the same FE results with a different
assumption about the ratio of longitudinal to hoop stress in the dented region. In these plots the
axial stress is very small and the hoop stress is near yield, i.e. there is some axial movement.
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Figure 31
Comparison of Plastic Theory with FE – H3LC
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Figure 32
Comparison of Plastic Theory with FE – H3SC
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Figure 33
Comparison of Plastic Theory with FE – H4LC

The same plastic models have been used to derive the relationships for the GVA 4000 fender
which was not analysed using finite elements. The calculated load and energy displacements
are shown below. The upper results assume the rings allow no axial movement and the lower
results that there is movement and so the axial stress in the system is small. It can be seen that
there is not a significant effect on the displacements at which a given energy is absorbed.
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Figure 34
Plastic Theory Predictions – GVA 4000 Fender

The results from the theory are compared to the FE results in the following Tables. The
following conclusions can be drawn:
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•

The plasticity models can provide a reasonable basis for estimating the energy absorbed
by the installation.

•

Varying the assumptions in the model, the plastic theoretical methods can underestimate
the energy and actual dent depth that would occur during the impact.

•

The plasticity models show an increasing capacity with dent depth

•

The response of the large columns for all three semi-sub types is similar and from the
plasticity methods appear to be capable of withstanding the defined bow and stern
accidental events, but potentially not the side impact event.

It is noted that the response of a side impact is far worse than predicted in the Background
Study. It can be seen that the side impact is worst of all for the recommended ship impact
curves (Section 2.3.6). However, in the Background Study sensitivity study the side impacts are
similar to the bow impacts (Tables 5.4 and 5.5). Unfortunately the vessel impact curves are not
provided to enable the reason to be determined.
Table 21
Total Strain Energy absorbed during Bow Impact

Column

Method

Column
Indentation
(m)

Energy to
Semi-subcolumn

Energy to
Vessel (Bow
impact)

Total energy
(MJ)

FE

1.12

4.86

5.02

9.88

Plastic

0.98

4.14

5.74

9.88

Modified

1.26

4.86

5.02

9.88

FE

1.04

4.31

5.38

9.69

Plastic

0.73

3.39

6.31

9.70

Modified

0.93

3.91

5.79

9.70

FE

0.97

3.99

5.72

9.70

Plastic

0.75

3.41

6.29

9.70

Modified

0.94

3.92

5.78

9.70

Plastic

0.71

3.27

6.43

9.70

Modified

0.88

3.74

5.96

9.70

Id.
H3SC

H3LC

H4LC

GVA 4000
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Table 22
Total Strain Energy absorbed during Side Impact

Column

Method

Column
Indentation
(m)

Energy to
Semi-subcolumn

Energy to
Vessel (Side
impact)

Total energy
(MJ)

FE

1.12

4.86

0.39

5.25

Plastic

1.05

4.65

0.60

5.25

Modified

1.26

4.86

0.39

5.25

FE

1.76

10.83

1.07

11.90

Plastic

1.29

9.79

2.11

11.90

Modified

1.56

10.39

1.51

11.90

FE

1.60

10.39

1.49

11.88

Plastic

1.30

9.78

2.12

11.90

Modified

1.56

10.35

1.55

11.90

Plastic

1.24

9.57

2.33

11.90

Modified

1.48

10.13

1.77

11.90

Id.
H3SC

H3LC

H4LC

GVA 4000

Table 23
Total Strain Energy absorbed during Stern Impact

Column

Method

Column
Indentation
(m)

Energy to
Semi-subcolumn

Energy to
Vessel
(Stern
impact)

Total energy
(MJ)

H3SC

Plastic

1.43

8.31

1.39

9.70

Note 1

Modified

1.77

8.99

0.71

9.70

H3LC

Plastic

1.11

7.35

2.35

9.70

Modified

1.37

8.15

1.55

9.70

Plastic

1.12

7.36

2.34

9.70

Modified

1.37

8.11

1.59

9.70

Plastic

1.06

7.10

2.60

9.70

Modified

1.06

7.10

2.60

9.70

Id.

H4LC

GVA 4000

Note 1: These values are in excess of the maximum determined from the FE analysis
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5 CONSEQUENCES OF IMPACT
5.1

INTRODUCTION

The assessment of collision damage to semi-submersibles has mainly been concerned with
flooding of columns and stability of the unit. A puncture or tear in the column of a semi-sub
can dramatically increase the risk of capsizing and sinking. The tendency therefore is to design
semi-subs with some amount of reserve buoyancy and with several watertight subdivisions in
order to survive a puncture of columns in collisions. In addition, the design must have
sufficient reserve strength so that in the event of damage due to collision, the unit can function
safely.
The previous Section has provided a description of possible damage levels related to different
design impact scenarios. The work in this Section considers the effect of this damage on the
strength of the typical semi-sub structures.
It has been observed that a number of incidents have resulted in holing, but with little or no
denting. Therefore, in addition to the theoretical strength loss calculation, the possible
consequences of such local damage have been considered.
5.2

CONTROL OF EXTREME EVENTS

Although no historical events have occurred, the analyses show that there are some potential
events that would result in damage beyond that sustainable from the design rules. These will
need to be controlled via other methods, following a risk assessment approach as outlined in
Section 3.8.
The assessment will determine the probability of collision, which will depend upon the traffic
density and the type of warning systems in available. This can then be used to determine
appropriate systems needed to control the risk.
TransOcean Sedco Forex provided the following outline:
The CRO or a dedicated operator, or possibly the Standby Vessel (SBV) will detect a vessel on
a collision course at say five miles distant. However, should the SBV be required to look after
more than one installation it is unlikely that it will be able to monitor approaching traffic with
sufficient accuracy to determine the likelihood of collision.
If for the vessel a speed of 15 knots is assumed then this is 20 minutes from contact. At some
point there-after the CRO must decide that there is sufficient danger to alert the OIM and the
Drill Floor. He must do this while considering the possibility that the approaching vessel has
detected the rig and has every intention of altering course. Both the OIM and the Drill Floor
should be alerted to an approaching vessel more than 10 minutes before potential impact. If the
SBV has not been the means of detection then the SBV should be alerted and dispatched to the
side of the 500 m zone where the vessel is approaching. Means of contacting the approaching
vessel should then be used, these may be VHF, visual signals or sound signals.
At a minimum of 5 minutes to impact the alert should be upgraded. A vessel travelling at 15
knots would still be 1.25 miles away, well outside the 500 m zone and well able to alter course
to avoid the rig, the 500m zone and possibly even a buoy pattern if the anchors have been
deployed in this way. However at 5 minutes the following actions might be considered:
i)

Closing in the well
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ii)

Calling the crew to muster stations

In relation to these, and any other actions which might be considered, those planning the
Contingency Procedure must consider the time required to carry them out.
It is often proposed that as the errant vessel approaches the OIM should operate the emergency
mooring release and get out of the way. Unfortunately experienced mariners can say that such
action is totally pointless, since there is always the possibility that the vessel may alter course at
the last moment, in such a manner as to collide with the moving rig.
There are therefore several possible scenarios. It is possible that the vessel would alter course
of its own accord, the means of warning the vessel off may be effective or the vessel may hit the
rig. As long as the approaching vessel is detected at least the rig and its personnel will be
prepared for impact.
All the semi-submersibles in the TransOcean Sedco Forex fleet are provided with a
comprehensive ballasting system. Additionally there is some form of dewatering system
allowing an emergency means of deballasting to combat unwanted ingress of water. Hence the
procedures include emergency deballasting and closing of watertight doors.
It should be noted that deballasting a damaged area towards the surface may result in loss of
stability. A more conservative approach is to ensure that the damaged area remains submerged.
If the damaged area is at the waterline then consideration should be given to leaving the rig
listed and making all spaces watertight, rather than deballasting that area and risking loss of
stability.
In order to prepare for impact with a large vessel the results of collis ion on various parts of the
rig should be considered. This will enable the OIM to vary his actions depending on the
direction of approach. It would seem appropriate that eight possible approaches should be
considered for a semi-submersible.
These should be:
i)

Collision from directly aft:

ii)

Collision from directly forward:

iii)

Impact at midships on the port side

iv)

Impact at midships on the starboard side.

v)

Impact at forward port leg.

vi)

Impact at forward starboard leg.

vii)

Impact at aft port leg

viii)

Impact at the aft starboard leg.

The potential outcomes of such impacts are discussed in Section 5.4.
On the basis that the CRO is aware of the approach of a vessel on a collision course, either by
means of the SBV or by means of the installed radar system on the rig, the following might be
the course of events prior to and subsequent to a collision.
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Table 24
TIME TO
IMPACT

PROGRESS OF EVENT AND ACTIONS

ELAPSED TIME
(hours)

40 min

Vessel identified as being on a collision course at 1 0 miles

0.00

20 min

Vessel at 5 miles - SBV sent out to intercept

0.20

10 min

Vessel at 2.5 miles - CRO calls OIM to control

0.30

5 min

Vessel at 1.25 miles - OIM sounds Emergency signal

0.35

0 min

Vessel hits rig

0.40

30 min

Worst case sufficient immediate loss of buoyancy to cause capsize
(From Alexander Kielland)

1.10

5.3

ASSESSMENT OF STRENGTH OF DENTED SEMI-SUB COLUMN

Semi-subs should be able to withstand the flooding of any one watertight compartment or the
flooding of those watertight compartments that are breached as a result low energy collision
with attendant vessels. The associated maximum dent depth is 1.5 m in a horizontal direction
perpendicular to the skin, with a lateral or circumferential extent of 3 metres and with a vertical
extent of 3 metres. The dent can be initiated from 5 metres above to 3 metres below the draught
under consideration.
The results in Section 4 indicate that such damage may just be exceeded for the larger columns
for a 14MJ accidental sideways impact, but be acceptable for an 11MJ bow or stern impact.
However, the damage will result in a loss of strength of the column.
A review of the residual strength of damaged shells was presented in the Background study[2]
and a more detailed one in a later report [15] which used the results from the Cohesive Buckling
Programme [4]. It was concluded that provided the shell stiffeners were designed to code that
external pressure resistance was not affected by denting. However, very significant strength
reductions in axial strength capacity were predicted in the Background Study.
When the Background Study was assembled the test results had not been evaluated to the stage
where practical recommendations could be made. However, the observations from the tests
were used to develop a theory that allowed prediction of the residual strength of dented
cylindrical shells subject to axial compression that was found to match the available test results.
Failure was assumed to occur when the maximum stress in the undamaged part of the shell
reaches the collapse strength of the intact shell. The stress was derived from three terms:
•

A uniform stress over the complete cross section, equal to the stress that causes plastic
flow;

•

An additional axial stress carried by the undamaged section only once the plastic flow
stress has been exceeded;

•

Stress due to bending induced by the effective eccentricity of the cross section, caused
by the ineffectiveness of the dent in carrying load.

The strength reduction used is labelled ‘Eccentricity Included’ in the following Figures.
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The limitations of the theory for practical design use are that:
•

It ignores the stress concentration effects at the sides of the dent;

•

It assumes that there can be some rotation at the end of the shells, which enables the
bending.

The stress concentrations are important from a fatigue point of view, but not for strength. The
overall bending due to the change in centroid of the effective section can occur in small scale
models with rigid end platens where rotation can occur as the load is applied through spherical
end bearings. It is not so clear that the rotations and thus the bending can occur in a semi-sub
where the deck and the pontoons restrain the column. The effect of the bending can be seen in
the following Figure, which shows the predicted strength reduction due to denting for the case
of:
1. Including the effect of bending (Eccentricity Included)
2. Assuming fixed ends (Effective Area)
Also shown on the plot are the results of some of the tests. The significance of the bending term
can be seen in the Figure.
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Figure 35
Effect of Denting on Shell Strength

The data have been plotted in the format of the Background Study in Figure 36. The upper line
(Eccentricity Included) is what was assumed in the Background study and thus the effects of
impact damage may have been overestimated.

Page 75

70%

60%

Strength Reduction

50%
Eccentricity Included
Effective Area
Test Data

40%

30%

20%

10%

0%
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

Dent Depth / Diameter

Figure 36
Strength Reduction Due to Denting

A comparison of the failure load of the test specimens to the code allowable assuming no
damage was undertaken. It was found that the actual strength was always greater than 90% of
the code allowable.
The following Figure shows the strength loss predicted for the columns considered in Section 4.
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Figure 37
Effect of Denting on Shell Strength

From this Figure it is easy to see the concern raised in the Background Study that strength losses
of up to 50-70% could occur for main colu mns under the accidental event condition. It was
concluded that it was unlikely that a semi-submersible would be able to withstand such a loss of
strength in one of its main members and remain operational.
The more likely condition may be determined considering no end rotation which reduces the
strength loss to 20-30% for the extreme accidental event. This is in line with the possible
reduction in loading expected by moving to a 1 year return period from a 100 year return period
loading [2].
No evidence of the ability of a semi submersible to operate with one of its main columns with a
reduced axial capacity or the loss of a smaller column was found. The literature contains
reference to surviving punctures or loss of brace members, which are discussed in the next
Section.
5.4

SURVIVABILITY OF IMPACTS BY DIRECTION

Evidence from incidents is that semi-sub columns can be holed or welds crack with little
accompanying other damage. Also, even though localised dents may have little influence on
strength, they may still need to be repaired within short periods of time because the very high
localised stress concentrations that accompany them can lead to fatigue failure. In small scale
tests the fatigue life was reduced by up to 70%. More importantly the reduction does not
depend upon the size of residual dent, just that a dent and accompanying residual stresses are
there.
Design Guides require that semi-subs be able to withstand flooding of a watertight compartment
and so these events should present no threat. However, there can be some unexpected
consequences of impact that should be considered. Knowledge of these consequences enables
better decision making to be undertaken.
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Examples provided by TransOcean Sedco Forex are presented in the following.
Survivability Collision with TD (H3):
1. Collision from directly aft:
a.

Loss of aft boats

b.

Port pontoon control and electric connections

2. Collision from directly forward
a.

Loss of forward boats

b.

Damage to accommodation/ mud room/ ballast control

3. Impact at midships on the port side
a.

Some structural damage

b.

Ballast and generators ok

4. Impact at midships on the starboard side.
a.

Potential loss of cabling and so ballast control and power functions.

b.

Emergency deballasting to SB

c.

Ability to flood compartments

5. Impact at forward port leg.
a.

Accommodation damage

b. Ballast and dewater systems ok if structural damage
6. Impact at forward starboard leg.
a.

Worst case hits main deck and pontoon – ok if control cabling survives

b. Impact at aft port leg
c.

Worst case hits main deck and pontoon – potential for catastrophe. Failure of
propulsion room might result in deck edge immersion due to loss of emergency
deballasting and hydraulic power

7. Impact at the aft starboard leg.
a.

Catastrophic potential if deck and pontoon damaged.

b.

Main deck is emergency generator and may affect control and power cabling for ballast
system – leaving only manual valves in port pontoon.

c.

If propulsion room fills then there is the potential for progressive flooding and capsize.

Survivability Collision with TL (H4)
1. Collision from directly aft:
a.

Loss of aft boats

b.

Potential loss of main generators, but still emergency generator

2. Collision from directly forward
a.

Loss of forward boats

b.

Possible damage to accommodation/ pilot house and controls

c.

Secondary ballasting stations still available

3. Impact at midships on the port side
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a.

Some structural damage (pontoon, legs and box girder)

b.

Loss of ballast control for port side

4. Impact at midships on the starboard side.
a.

Emergency generator and SB ballast station could be lost

b.

No rig air compressors

c.

Main generator and port ballast ok

5. Impact at forward port leg.
a.

Accommodation damage

b.

Port thruster rooms ballast pumps could be lost if large ship hits

6. Impact at forward starboard leg.
a.

Worst case hits main deck and pontoon – water ingress but no loss of control functions

7. Impact at aft port leg
a.

Chain lockers and boilers lost

b.

Rig angle 20 degrees if floods

c.

All systems except those in Port thrusters room remain operational

8. Impact at the aft starboard leg.
a.

No operational spaces

b.

Rig angle 20 degrees if floods

c. Fuel supplies to main generator could be lost, possible fire riskEmergency generator ok
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6 CONCLUSIONS AND RECOMMENDATIONS
6.1

INTRODUCTION

The objective of the study reported here is to provide HSE with an initial assessment of the
requirement for an update of the likely allowable impact energies in the Department of Energy
(DEn) 4th Edition Offshore Design Guidance Notes taking into account the mechanisms of
energy absorption of semi-subs and the operations in the new areas of oil exploration in UKCS.
This Section summarises the findings and recommendations from the study.
6.2

BASIS OF GUIDANCE NOTES

The revisions to the Guidance Notes from the 3rd Edition were developed on the basis of a
Background Study performed for the DEn. Comparison of the clauses contained in the 4th
Edition and the Background Study[2] shows that the additional guidance on accidental damage
was:
•

Applicable to Attendant Vessel collision

•

Based on Incidents that had occurred up to that time

•

o

–Cause and critical factors

o

–Consequences (damage description)

Developed considering analytic plastic methods

The 4 MJ accidental damage energy limit and accompanying relationship with vessel size were
developed considering historical data for both semi-subs and fixed steel platforms. When
adapted for the 4th edition guidance notes it was only presented for fixed steel structures.
However, if reference were made to the background study then it would be possible for it to be
presumed to apply to semi-subs. The potential problem with such an approach is that the
representative collision (5,000 tonne vessel at 2 m/s) could result in greater damage to a semisub column, although 4 MJ is sufficient for historically observed attendant vessel collisions.
The second concern is that the plastic methods were not detailed and, obviously, the assumption
of energy absorbed does depend upon the design methods and assumptions used.
However, assuming that the 4 MJ energy limit is not adopted in design, the guidance has the
following limitations:
It looked to confirm existing 3rd Edition Guidance and so no verification was made for the
following:
•

1.5 m penetration

•

0.5 MJ operational impact

It concentrated on historical data to define accidental event and thus, due to the limited
operating experience, can be considered to have only covered extreme attendant vessel collision.
No guidance was given on the more extreme passing vessel collision.
It looked to follow the DnV Accidental Event and thus ignored that fact that vessels larger than
5,000 tonnes were being used in the Northern North Sea, even though this was identified in the
Background Study. In the Background Study, it was found that the 95% of attendant vessels
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involved in collision incidents had a displacement of less than 5,000 tonnes. However, there
was a trend by location in the North Sea. In the Southern North Sea 95% of vessels were less
than 3,500 tonnes. In the Mid and Northern North Sea 95% of vessels were less than 6,000 and
5,500 tonnes respectively. It was concluded that using a 5,000 tonne vessel for the Southern
North Sea would be conservative, and hence the guidance was developed to allow for smaller
vessels if required. However, the guidance did not take account of the larger vessels observed
elsewhere in the North Sea.
6.3

KEY FINDINGS AND RECOMMENDATIONS

The mean incident frequency for impact with semi-submersibles for all reported incidents to
1997 per year is 0.2809, which is similar to the results presented from the data to 1990. For
Moderate or Severe damage the mean incident frequency per year is 0.0638, which is lower than
the data to 1990, which was 0.120.
Points to note from the historical incidents were:
•

Damage to column can involve:
o

Denting of shell plating

o

Displacement of stiffeners

o

Plating perforation and water ingress can occur without significant denting

•

Some columns impacted several times

•

Other areas can be hit
o

Bracing can also be damaged or severed

o

Funnels can hit equipment e.g. life boats

No analysed and reported incident has involved an energy being absorbed by the structure
greater than 4 MJ. Likewise, the maximum reported dent depths were less than 1 m. Therefore,
the criteria in the Guidance Notes are reasonable based on an historical perspective. However,
the reported operating experience was only 392 rig years and so the historical evidence cannot
be considered a complete design approach. Therefore the collision risk needs to be shown to be
acceptable by other means. Section 3.8 details models that have been proposed to allow
calculation of the likelihood of collision.
Key parameters for the assessment of the magnitude of potential collision incidents are:
•

Vessel size

•

Likely impact velocity

•

Vulnerability of Impact Location, i.e. the same impact at different locations can have
different consequences

The mass of the impacting vessel should be set with due consideration to current size
distribution of the category and anticipated development over the design life of the installation.
For visiting vessels the trend shows increase in size. As noted above, it was found that in some
areas even in 1990 vessels exceeded the design limit of 5000 tonnes considered in the DEn
Guidance Notes. Based the work performed in this study, an upper bound attendant vessel size
of 9,000 tonnes displacement would be recommended.
No study work was found that would alter the basis of the attendant vessel upper bound impact
of up to 2.0 m/s (0.5 Hs). However, it is felt that would be more appropriate to use the
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statistical variation of likely impact velocity when determining the design impact. The mean
value of the steady state drift velocity varies from 0.4 Hs to 0.3 Hs as the significant wave
height varied from 1 to 5 m.
The 2,500 tonne vessel at 0.5 m/s operational impact event may bear no relation to operations
that are occurring in the North Sea. There are two approaches to determine the operational
impact:
1. Stay at 0.5 MJ since historical evidence suggests that the likelihood of major damage
involving more energy is 0.03 per year
2. Determine the design collision impact considering the expected vessel size and
variation in impact velocity for different weather conditions.
It is recommended that the statistical calculations be requested to determine the operational
event.
The consequence of the collision will depend upon:
•

Impact Energy

•

Vessel response to collision

•

Semi-sub response to collision

The Guidance Notes and other Codes state that for accidental impact the total kinetic energy, E,
should be taken to be at least:
•

14 MJ for sideways collisions, or

•

11 MJ for bow or stern collisions

Typical impact energy levels to be absorbed by the installation and vessel are shown in the
following Table. These show the amount of energy potentially lost by movement of the semisub following collision compared to a fixed installation.
It can be seen that the movement of the semi-sub reduces the energy to be absorbed compared to
the fixed installation. However, the effect of the increased vessel size is significant.
Table 25
Accidental Strain Energy for Fixed Installation and Example Semi-Sub
Vessel
Displacement
Ms

Vessel Velocity

(Tonnes)

(m/s)

Semi Sub

Fixed

Semi Sub

Fixed

5000

2.0

11.9

14.0

9.7

11.0

0.5

0.7

0.9

0.6

0.7

2.0

19.2

25.2

15.9

19.8

0.5

1.2

1.6

1.0

1.2

9000

Strain Energy for Side Impact
(MJ)
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Strain Energy for Frontal Impact
(MJ)

The energy absorbed by the installation during a collision impact will be less than or equal to
the total kinetic energy, depending upon the relative stiffnesses of the relevant parts of the
Installation and the impacting vessel that come in contact, the mode of collision and vessel
operation. These factors may be taken into account when considering the energy absorbed by
the installation.
One of the key relationships used to model collision is thus the response of the ship to impact.
The limitations of the DnV load-deformation curves given in the NORSOK standards and used
in the Background Study are that:
•

They were developed in the 1980’s. Present guidelines aimed at improving safety on
vessels may change their design/stiffness and exacerbate collision damage.

•

They are only applicable to impact scenarios involving 5,000 tonne vessels impacting
tubular members of 1.5m and 10.0m diameter. For vessels greater than 5000Te, and
with novel hull designs the deformation characteristics can be significantly different
from the DnV curves.

Curves for other vessel types are available, including tankers. However, these are much stiffer
and so the vessel will absorb less energy. It is recommended that the relationship used be
confirmed as representative of the vessels expected if it is assumed that the vessel absorbs
energy.
The structural effects to the semi-sub from ship collision may either be determined by finite
element analyses or by energy considerations combined with simple elastic -plastic methods.
Both were used in this study. The following conclusions were drawn:
•

The plasticity models agreed with the FE work and can provide a reasonable basis for
estimating the energy absorbed by the installation.

•

By varying the assumptions in the model, the plastic theoretical methods can
underestimate the energy and actual dent depth that would occur during the impact.

•

The plasticity models show an increasing capacity with dent depth, i.e. they do not
show when ultimate conditions are reached

The FE analysis showed that the columns analysed were all capable of absorbing energy in
excess of 4 MJ minimum energy recommended by the Background Study and noted as the
upper bound from recorded incidents without exceeding the dimensions of damage assumed for
damage stability calculations. The column was assumed to be acceptable provided the
associated maximum dent depth is 1.5 m in a horizontal direction perpendicular to the skin, with
a lateral or circumferential extent of 3 metres and with a vertical extent of 3 metres since this is
what is defined in the Design Rules.
The response of the large columns for all three semi-sub types is similar and, from the plasticity
methods, would incur damage within the specified dimensions for the DEn defined bow and
stern accidental events, but potentially not the side impact event. The smaller column would
incur damage exceeding the specified dimensions for stern or side impacts. This may have
some implications for flooding and loss of stability depending upon the vulnerability of the
location impacted.
This level of damage can mean a strength loss of 50-70% using the Norsok Rules or the
Background Study methodology. However, it is believed that a more appropriate strength loss
is 20-30% for this level of damage. No evidence of the ability of a semi submersible to operate
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with one of its main columns with a reduced axial capacity or the loss of a smaller column was
found, only reference to surviving punctures or loss of brace members.
There were minor incidents that lead to holing of the column. This should be acceptable since
semi-subs should be able to withstand the flooding of any one watertight compartment.
However, the causes were not adequately explained in the incident descriptions.
In practice it is impossible to design semi-subs for high-energy impacts, involving passing
vessels or larger attendant vessels. Therefore risk needs to be shown to be acceptable and
documented by other means. As part of this process it is recommended that the following cases
be reviewed and documented:
•

Passing Vessels

•

Random Moving Vessels

•

Drifting Vessels

•

Vessels Approaching the Installation

•

Vessels Loading/Unloading at the Installation

•

Shuttle Tankers

Also as a minimum it is recommended that operators assess the potential effects of severe
impact on different areas of the semi-sub, investigating what systems may fail. TransOcean
Sedco Forex provided details of impact from 8 directions on example semi-subs, as shown in
Section 5.4.
The potential sequence of events including timings from identification of potential collision to
impact and beyond should be understood.
Table 26
TIME TO
IMPACT

PROGRESS OF EVENT AND ACTIONS

ELAPSED TIME
(hours)

40 min

Vessel identified as being on a collision course at 1 0 miles

0.00

20 min

Vessel at 5 miles - SBV sent out to intercept

0.20

10 min

Vessel at 2.5 miles - CRO calls OIM to control

0.30

5 min

Vessel at 1.25 miles - OIM sounds Emergency signal

0.35

0 min

Vessel hits rig

0.40

30 min

Worst case sufficient immediate loss of buoyancy to cause capsize
(From Alexander Kielland)

1.10

6.4

RECOMMENDATIONS FOR FURTHER WORK
•

Investigate the effect of a loss of strength of 20-30% for a main column

•

Select example semi-sub and location and perform example analyses to determine
attendant vessel operational and accidental impact events

•

Review causes and mechanisms of tearing or holing structures for small impacts
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