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This paper deals with ship-jacket platform collisions. An examination on NORSOK N-004 rule is carried out. Furthermore, elastic
and plastic response of jacket platform is studied. This paper also conducts a sensitivity analysis, focusing on collision points.
Simulationmodels of a ductile and a rigid supply vessel were developed, as well as models of two typical jacket platforms. Data such
as collision force, kinetic energy, and deformation energy have been obtained. Several conclusions have been drawn: NORSOK rule
underestimates the resistance for certain indention, due to inaccurate description of column deformation mode. Elastic response
is extremely important in dynamic analysis of ship-platform impacts, by contributing to reducing impact loads and local energy
dissipation. Struck members are therefore subjected to impacts to a low extent, which can be regarded as result of a buffering effect.
Before a buffering effect works, a time delay exists.This is caused because the topside has to take up adequate kinetic energy. Striking
position has an effect on dynamic behavior of platform. High local strength is in favor of buffering an effect. Elastic response is more
significant in a flexible platform than in a sticky one.

1. Introduction

Offshore jacket platforms are widely used in the oil and
gas exploration industry worldwide. Located usually many
kilometers from land, jacket platforms are subjected to
complex environmental loading from wind, wave action, and
currents. They are also vulnerable to collision impact from
supply vessels operating around them; this is one of the
greatest threats to the platform’s safety. Such an impact is
likely to cause serious structural damage, reducing the load
bearing capacity of the platform and potentially affecting the
safety and integrity of the whole structure. For this reason,
establishing a method of analyzing and assessing the damage
to the platform is of major importance, as reflected in the
large body of the literature on the subject, and in various
design standards.

A detailed analysis by Amdahl [1] of the structural
response of tubular structural member showed that the
response of a tube to a lateral impact load is divided into two

stages. The initial stage is governed by bending effects caused
by local denting. In the second stage, the tube behaves in
the manner of a beam and undergoes deflection, which may
increase its load-bearing capacity due to the development
of membrane tensile forces. When this energy is dissipated,
the overall response of the platform may be neglected.
Zeinoddini et al. [2] studied the behavior of steel tubes with
different types of end conditions subjected to quasistatic
lateral loads at their midspan. Axial preload was found to
have a substantial effect on the load-bearing capacity, and the
capacity for energy dissipation was influenced dramatically.
They also investigated the dynamic behavior of tubes under
lateral excitation [3] and found that preloading produced a
much more substantial change in dynamic properties in a
beam-column cylindrical member, in which global buckling
is more important than in a low-aspect-ratio member.

Visser Consultancy [4] dealt with aspects related to the
collision of the bow or stern of the vessel with a brace in the
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splash zone and reported that node strength largely deter-
mines the load-bearing and energy-absorption capacity of the
brace, concluding that brace impact is a purely local problem.
Amdahl and Eberg studied the effect of dynamics on platform
responses in terms of energy dissipation and load [5]. The
local strength of the platform, the duration of the collision
relative to the fundamental period of governing motion,
and the strength of the members transmitting the forces to
the deck were all found to be essential in determining the
platform responses.

Bai and Terndrup Pedersen [6] studied the elastoplastic
behavior of the steel structure of an offshore platform under
impact loads. A force-displacement relationshipwas obtained
for the simulation of local denting in the tube, and a
three-dimensional beam-column element was developed for
modeling global deflection. A large part of the impact energy
was found to be transferred into plastic deformation energy
in the case of a severe collision.

Pedersen andZhang [7] developed closed-form analytical
expressions for the energy dissipation and impact impulse
during ship collisions.The energy dissipation dependsmainly
on variables such as the ship’s mass and velocity, the collision
location, and collision angle. Furnes andAmdahl [8] outlined
a simplified theoretical calculation model for investigating
deformation characteristics and energy absorption. Gjerde et
al. [9] compared a range of typical methodologies used by the
offshore industry to analyze the response and resistance of
jack-up designs to ship impact and showed that a significant
part of the collision energy was dissipated as strain energy,
and the contribution from elastic strain is usually negligible.
Waegter and Sterndorff [10] concentrated on the energy
balance in an impact between a ship and a platform mono-
tower. They found that little impact energy is dissipated as
plastic energy in the ship-platform system in the two cases
studied.

Watan [11] studied the behaviors of columns subjected to
vessel collision.The assessment had been conducted for ship-
side collision against unstiffened, inclined jacket leg. Hong
[12] focused on the internal mechanics of ships subjected to
collision and grounding accidents. Simplified methods for
structural analysis were developed as well as their application
to accident-resistant design. Mathematical models for ship
collisions were studied by Zhang [13]. Collision energy losses,
collision forces, and structural damage were determined.
Wang [14] tried to identify and analyze the structural failure
modes involved in ship collision and grounding.

The American Petroleum Institute (API) standards rec-
ommended two formulas for assessing collision force [15]:
one of these assumes that the indentation in the steel tube is
wedge-shaped and determines the extent of the indentation.
The other is based on a series of model simulations. The
NORSOK Standard N-004 [16] contains a recommendation
for dealing with the relationship between resistance and
indentation for tubes involved in a side-on collision with
a ship. The dented cross-section is assumed to consist of a
virtually undamaged section and a flattened section. Impact
location and boundary conditions are not considered.

The above reports provide useful insights into the
dynamic analysis of collisions between ships and platforms,
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Figure 1: Schematic energy dissipation curves for strength, ductile,
and shared-energy designs.

although it should be noted that they generally tended to
ignore the elastic response of the jacket platform under the
assumptions that (1) the elastic response of the platform
dissipates a considerable part of the impact energy, and (2)
the impact loading is reduced to a low value by virtue of the
buffering effect.

For the purpose of testing these assumptions and inves-
tigating the buffering effect, in the present study, a series
of numerical simulations was conducted using LS-DYNA
software. The NORSOK recommendation for the force-
deformation relationship was tested by comparing numerical
and simulation results from two numerical models based on
typical jacket platforms, one in the South China Sea and one
in Bohai Bay, China. The buffering effect was demonstrated
by comparing the results from a simulated typical jacket
platform with those from a single-column model. The effect
of varying the impact parameters was also examined to
obtain a comprehensive knowledge of the behavior of tubular
members in a side-on impact.The influence of the topside on
the structural response of the platform is also discussed.

2. NORSOK N-004 Standard

N-004 is a NORSOK Standard [16] dealing with the design
of steel structures. Appendix A3 to N-004 dealing with
ship collision contains three design principles regarding the
distribution of strain energy dissipation (Figure 1):

(i) strength design,
(ii) ductility design,
(iii) shared-energy design.

DuctileDesign. It implies that the installation undergoes large,
plastic deformations and dissipates the major part of the
collision energy.
Shared-EnergyDesign. It implies that both the installation and
the ship contribute significantly to the energy dissipation.
Strength Design. It implies that the installation is strong
enough to resist the collision force with minor deformation,
so that the ship is forced to deform and dissipate the major
part of the energy.

From a calculation point of view, ductile design and
strength design are the most straightforward, since the
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Figure 2: Yield-line model of dented tube.

20

18

16

14

12

10

8

6

4

2

0
0 0.1 0.2 0.3 0.4 0.5

wd/D

b/D = 2

1
0.5
0

R
/(
k
R
c
)

Figure 3: Resistance curve for local denting.

response of the “soft” structure can be calculated from simple
considerations of the geometry of the “rigid” structure. In
shared-energy design, both the magnitude and distribution
of the collision forces depend on the deformation of both
structures, making the analysis more complex.

A recommendation for the force-deformation relation-
ships for denting tubular members is offered in NORSOK
N-004. The deformation mode of a column in a collision,
described as a dent, is assumed to consist of a flattened part
and an undamaged part. The dented region is modeled by
an idealized yield-line model. It is assumed that the tube
is flattened at the area of direct contact with the ship and
that flattening decreases in adjacent triangular regions in the
direction of the fixed ends of the member (Figure 2).

Figure 3 shows the recommended resistance curve for an
unstiffened column. The indentation and impact force are
dimensionless.

Alternatively, the resistance may be calculated from the
following:
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(1)

where 𝑁Sd = design axial compressive force, 𝑁Rd = design
axial compressive resistance, 𝑏 = width of contact area, 𝐷 =
diameter of column,𝑤

𝑑
= dent depth, 𝑡 = wall thickness, and

𝑓
𝑦
= yield strength.
Special attention has been paid in the present study to

the following three assumptions adopted in the application
of NORSOK N-004.

(1) The deformation behavior of the ship is not taken into
consideration.

(2) Because of the stress concentrations, the tubes are
usually strengthened near the connection points
between adjacent members by increasing their wall
thickness; however, in NORSOK N-004, the tube is
assumed to have a single wall thickness over its full
length.

(3) The elastic characteristics of the whole platform are
not taken into consideration.

To evaluate these assumptions, in the present study, a
series of numerical simulations were carried out.

3. Collision Scenario and Finite
Element Models

In line with the stated aims of this study, numerical simula-
tions were divided into two parts:

Part A—verifying the NORSOK Standard N-004;
Part B—investigating the buffering effect of the elastic
response of the jacket platform.

3.1. Part A—Verifying NORSOK Standard N-004. The colli-
sion scenario was defined as a situation in which a supply
vessel strikes a tubular leg segment of the jacket platform side-
on at a constant velocity of 2m/s.

3.1.1. Finite Element Model of Supply Vessel. In order to inves-
tigate the influence of the vessel’s stiffness on the resistance-
indentation relationship, both the rigid model and ductile
model were used. The principal dimensions of the supply
vessel are given in Table 1.

For the model, the midsection of the cargo deck was
chosen as the part of the vessel that strikes the platform.
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Figure 4: Supply vessel midsection model.

Table 1: Principal dimensions of reference vessel.

Length p.p. 90.90m
Breadth, molded 18.80m
Depth, molded 7.60m
Draught, scantling 6.20m

Table 2: Principal dimensions of mid-shipside model.

Length 15.60m
Breadth 4.20m
Height 7.60m
Frame spacing 0.65m
Double bottom height 1.2–1.45mm
Thickness of outer plate 9/10.5/25mm
Thickness of bottom plate 13.00mm

Cross-section of side stiffeners Hp 180mm × 8mm/Hp
200mm × 9mm

Table 2 lists the principal dimensions of the mid-section part
of the vessel that was modeled. Figure 4 indicates its location
on the vessel.

The nodes on the transverse edges of the ductile model,
whichwere parallel to the impact direction,were restrained in
all degrees of freedom with the exception of the translational
degree of freedom parallel to the direction of the ship’s
motion. No boundary limitations were assigned to the nodes
on the longitudinal edges, as the velocity of the ship’s motion
would be generated on this edge. This boundary condition
was defined to ensure that the direction of motion of the
vessel remained unchanged during the collision process and
that no rotation of the vessel would occur. The four-node
quadratic shell elements have been applied for the entire

Figure 5: Ductile vessel finite element model.
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Figure 6: Rigid vessel model.

model. Element length varied between 80mm and 150mm
for different parts, giving a total of 127, 586 elements. The
ductile vessel finite element model is shown in Figure 5.

A rigid vessel model was constructed for the mid-
section of the ship, as for the ductile model. However, since,
by definition, the rigid model would not experience any
structural deformation, only the side of the hull was included
in the model for the sake of saving computation time. The
principal dimensions and boundary conditions are identical
to those of the ductile model. For the rigid vessel model, quad
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Figure 8: Leg segment II.

Table 3: Leg segment principal parameters in models.

Model I Model II
Length 25.00m 17.0m
Diameter 2.0m 2.6m
Wall thickness 45.0mm 35.0mm
Upper-end length 5.5m 3.0m
Upper-end wall thickness 80.0mm 95.0mm
Lower-end length 3.0m 3.5m
Lower-end wall thickness 90.0mm 90.0mm

Table 4: Material properties.

Mass density 7850 kg/m3

Young’s modulus 210,000Mpa
Poisson’s ratio 0.3
Yield strength 235MPa
Strain rate parameter, 𝐶 40.4
Strain rate parameter, 𝑃 5
Static coefficient of friction 0.3
Dynamic coefficient of friction 0.3

typemeshwas chosen and the global edge length is 0.5m.The
total elements number is 1,123. A coarse mesh was applied
here as the hull will not undergo any deformation. Figure 6
shows the rigid vessel model.

3.1.2. Leg Segment Model. Two tubular leg segment models,
I and II, were constructed. Model I was inclined from the
vertical at an angle of 9.03∘ (Figure 7); model II was vertical
(Figure 8). Both ends of each model were strengthened by
increased tubewall thickness.The principal parameters of the
two models are listed in Table 3.

Figure 9: Midspan.

Figure 10: 1/4-span.

The lengths of the leg segments were determined on
the basis of the braced length of the jacket leg subjected
to ship impact. Since each leg segment was braced, it was
considered reasonable to assume that its ends were fixed in
all translational and rotational degrees of freedom.

For both leg segment models, the default mesh size
was set to 0.01m, and only four-node quad type mesh was
allowed. Such fine mesh was applied to exactly capture the
deformation behavior of impacted columns. The material
chosen was Q235 structural steel. The strain rate was cal-
culated from the Cowper-Symonds equation. The simulated
material properties are listed in Table 4.

3.1.3. Collision Scenario Definition. To investigate how the
vessel strength influenced the resistance-indentation rela-
tionship, numerical simulations for both ductile- and rigid-
vessel crushing of leg segment I were performed. The results
were compared with the recommendations of NORSOK
Standard N-004.

The collision point, or first-impact point, on the ship was
taken to be the point at which its lower hull first touched the
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Figure 11: 1/8-span.

Figure 12: Mid-span location.

leg segment; this was then regarded as the reference impact
point.

Three collision locations were designed for leg segment I
for both the rigid and ductile shipmodels.The same locations
were defined for the simulations of jacket model A—see
below.

(i) Midspan-shipside collision: reference impact point at
the midpoint of leg segment I (Figure 9).

(ii) 1/4 span-shipside collision: reference impact point at
1/4 span of leg segment I (Figure 10).

(iii) 1/8 span-shipside collision: reference impact point at
1/8 span of leg segment I (Figure 11).

Simulations of vessel crushing at leg segment II were also
conducted with the intention of investigating the platform’s
overall deformation and comparing with simulations of the
behavior of the complete platform model B. Only the rigid
vesselmodel was used in this case tominimize the calculation
time.

Figure 13: Lower-end location.

PY301 leg joint
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X

Figure 14: Platform model A.

Leg segment II was modeled to be fixed vertically, and no
first-impact was assumed as was the case for segment I above.
The reference collision point was chosen to be the middle
of the ship’s side. With respect to this reference point, two
collision locations are designed.

(i) Mid-span-shipside collision: vessel impacts the mid-
span of leg segment II (Figure 12).

(ii) Lower end-shipside collision: vessel impacts the lower
end of leg segment II such that the bottom of the
hull is leveled with the lower joint of the segment
(Figure 13).

These eight collision cases are summarized in Table 5.

3.2. Part B—Elastic Response Buffering Effect. As in Sec-
tion 3.1, the collision scenario was defined as the situation in
which a supply vessel strikes a jacket platform at a constant
velocity of 2m/s. In an actual side-on collision, the vessel
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Figure 16: Comparison betweenCaseA1 andNORSOK recommen-
dations.

would undergo a large deformation, and a considerable
amount of energy would be dissipated in the vessel itself. In
the context of the present study of the platform’s response to
collisions, however, and to reduce the computation time, the
rigid vessel model described in Part A was used.

3.2.1. Jacket Platform Model. Two platform models, model
A and model B, were constructed. Model A was based on a
platform in the South China Sea where the water depth was
about 200m (Figure 14). Model B was located in Bohai Bay,
China, in water which was 70m deep (Figure 15). Table 6
lists their principal dimensions. Platform A was flexible in
global deformation mode; platform B was of more rigid
construction.

Local indentation of the structural member in collision
with the ship was of major concern in this study, along
with the overall effect on the elastic deformation of the
platforms; a fine finite element mesh was therefore generated
for the model of the impacted leg segment. When com-
plex loading was involved, the joint connections between
structural members were more complex than the members
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Figure 17: Comparison betweenCaseA2 andNORSOKrecommen-
dations.
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Figure 18: Comparison betweenCaseA3 andNORSOKrecommen-
dations.

Table 5: Definition of collision cases.

Case Vessel model Leg segment
model Collision point

A1 Rigid I Mid-span
A2 Rigid I 1/4-span
A3 Rigid I 1/8-span
A4 Ductile I Mid-span
A5 Ductile I 1/4-span
A6 Ductile I 1/8-span
A7 Rigid II Mid-span
A8 Rigid II Lower end

themselves and were essential to the load-bearing capacity
of the bracing members; thus, a fine mesh was generated
for the joint connections also. For the two parts discussed
above, four-node quadric element with global edge length
0.01m was chosen. Only quad type mesh was used in the
impacted leg segment to pursue a good calculation accuracy.
Given the sophisticated shape of joint connections, however,
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Figure 19: Three-hinge collapse mechanism for bracing element.
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Figure 20: Comparison of resistance-indentation relationship
between A1 and A4.

Table 6: Principal dimensions of jacket platforms.

Platform A B
Height 213m 80m
Section area (max) 18.5m × 44.2m 48m × 48m
Section area (min) 74m × 74m 48m× 48m
Topside weight 3600 t 2400 t
Water depth 200m 70m

Table 7: Platform model scenarios.

Case Jacket model Collision location on leg
B1 A Mid-span
B2 A 1/4-span
B3 A 1/8-span
B4 A Joint
B5 B Mid-span
B6 B Lower end

both quadric and triangle elements had to be used. A coarse
mesh was used for other parts of the structure in order to
minimize the computation time. This produced a total of
351784 elements for Platform A and 595305 elements for
Platform B.

In practice, a considerable length of each jacket leg pene-
trated the foundation soil.This complicated the assessment of
the lower boundary condition of the leg, since this must bear
some relationship to the engineering properties of the soil;
however, for the present purpose it was considered reasonable
in both models to assume that the lower end of each leg was

Rigid body
Ductile body
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Figure 21: Comparison of resistance-indentation relationship
between A2 and A5.
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Figure 22: Comparison of resistance-indentation relationship
between A3 and A6.

fixed. For both platformmodels, the boundary condition was
applied at the areas where legs and soil connect.

The platform cases studied are defined in Table 7.

4. Results and Discussion

4.1. Assessment of NORSOK Standard N-004. The resistance-
indentation relationship recommended by NORSOK Stan-
dard N-004 was compared with the numerical simulation
results. For the sake of improving computation efficiency
and reducing computation time, the rigid vessel model was
adopted. The influence of vessel stiffness is discussed in Sec-
tion 4.2. Since the tubular member was inclined, the contact
area expanded as the colliding vessel continued to penetrate,
making 𝑏/𝐷 continually increase.The resistance-indentation
relationships for both maximum and minimum 𝑏/𝐷 values
were considered.The resulting variation of the dimensionless
resistance force with dimensionless indentation is shown in
Figures 16, 17, and 18, in which 𝑤 denotes indention, and 𝑅,
𝑅
𝑐
, and𝐷 are defined in NORSOK N-004.
The simulation results illustrated that the resistance ini-

tially rose sharply, then gradually decreased. For any given
indentation, the corresponding resistance recommended by
NORSOKN-004 was seen to be less than the value produced
by the numerical simulation. In Figures 16–18, the deviation
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Figure 24: Vessel deformation, Case A5.

from the NORSOK recommended value increased continu-
ously with greater indentation.

According to Amdahl [1], the response of a tube sub-
jected to lateral load consists of two stages. N-004 correctly
describes the deformation behavior of the tube in initial stage,
explaining the close agreement with the simulation results.
As the tube underwent deflection, the load-bearing capacity
increased rapidly due to a sharp rise in the membrane tensile
force, accompanied by only a small increase in resistance.
Obviously, N-004 is not able to represent the behavior of
the tube at this stage. It is very difficult to analyze the
interaction of local denting and deflection of a tubular
member subjected to lateral impact load; however, it is
both feasible and acceptable to treat the two deformation
modes separately. Local denting around the impact point
depends on the collision scenario—impact velocity, shape
of colliding vessel, and so forth—making it impossible to
resolve analytically. However, the rigid-plastic method of the
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Figure 25: Vessel deformation, Case A6.
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Figure 26: Collision force versus vessel displacement, mid-span
collision.

analysis does provide acceptable analytical results of beam-
type deformation. The simplest approach is the three-hinge
collapse mechanism (Figure 19),

𝑃
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𝜔
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(2)

where 𝜔 is the central deflection at the point of impact, 𝐷 is
the tube diameter, and 𝑃

0
is the failure load of the tube. It was

assumed that the tubematerial develops fully plastic behavior.
In addition, the strength of the joints must be adequate,
especially if the impact point is close to a joint. The load-
bearing capacity of the structure is drastically reduced if joints
fail.

4.2. Influence of Shipside Stiffness on Resistance-Indentation
Relationship. The simulated resistance-indentation relation-
ships for different collision points were compared for the
ductile- and rigid-vessel models (Figures 20–22). Note that
indentation and resistance are both dimensionless quantities.

For the mid-span and 1/4 span collision cases, where only
the unstrengthened section of the leg segment (wall thickness
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Figure 27: Collision force versus vessel displacement, 1/4 span
collision.
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Figure 28: Collision force versus vessel displacement, 1/8 span
collision.

Table 8: Maximum reductions in collision force.

Collision location Mid span 1/4 span 1/8 span
Reduction 5370 kN 7110 kN 30700 kN

45mm) underwent deformation, the resistance-indentation
relationships of both vessel models were in close agreement
(Figures 20 and 21). The ductile-vessel model showed little
deformation, and little strain energywas dissipatedwithin the
vessel structure (Figures 23 and 24) and the plastic responses
of the tubes were similar. However, a discrepancy appeared
between cases A3 and A6: when the reference impact point
was at 1/8 span, closer to the joint, and when the leg segment
has been strengthened, the vessel was deformed appreciably
(Figure 25). A relatively “soft” (i.e., low-strength ductile)
vessel deforms more readily, therefore contributing to energy
dissipation such that a much greater collision force would
be required to produce a large impact energy affecting the
leg segment. Thus, the gradient of the resistance-indentation
relationship in Figure 22 tended to rise for the ductile-vessel
model with relatively low hull strength.

4.3. Comparison of Collision Forces. It would be expected
that the elastic response of the platform would alleviate the
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Figure 29: Plastic energy dissipation in structural member in
collision, Platform A.
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Figure 30: Plastic energy dissipation in structural member in
collision, Platform B.

impact loads on members struck in a collision. Figures 26,
27, and 28 show comparisons of collision force versus vessel
displacement between columnA cases (Table 5) and platform
A cases (Table 7).

For the same collision scenario, Figures 26–28 show
that the collision forces for platform collision cases were
less than those for single-leg segment collision cases, which
demonstrates the buffering effect induced by the elastic
response of the platform. The resistance of the affected
structuralmember to large deformation ismainly attributable
to membrane forces. Axial end conditions are especially
important, since a lack of flexibility reduces the development
of membrane forces. The global deformation of the platform
offers some freedom of movement to the joints of the
structural leg segments; as a result, the segment is flexibly
fixed rather than rigidly fixed, and the collision forces occur
due to inadequate development of membrane forces. The
reduction in collision force depends on collision location.The
maximum reductions are summarized in Table 8.

When the collision occurred close to joint connections,
which were points of high local strength, there was a
considerable reduction in the collision force, favoring the
development of membrane tensile forces.The response of the
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Table 9: Proportions of energy dissipation.

Collision case Elastic energy dissipation Plastic energy dissipation

Platform A

B1 26.9% 73.1%
B2 51.7% 48.3%
B3 51.2% 48.8%
B4 43.9% 56.1%

Platform B B5 19.2% 80.8%
B6 20.7% 70.3%

Table 10: Effect of topside mass on lag time.

Collision point Platform A Platform B
Topside mass (3600 t) Topside mass (0 t) Topside mass (2400 t)

Mid-span 0.17 s 0.1 s Mid-span 0.05 s
1/4 span 0.22 s 0.09 s
1/8 span 0.11 s 0.06 s Lower end 0.05 s
Lower joint 0.06 s 0.05 s

0.00 0.50 1.00 1.50 2.00 2.50

El
as

tic
 en

er
gy

 d
iss

ip
at

io
n 

(k
J)

Vessel displacement (m)

B1
B2

B3
B4

0.00E + 00

5.00E + 03

1.00E + 04

1.50E + 04

2.00E + 04

2.50E + 04

Figure 31: Energy dissipation in overall deformation, Platform A.
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Figure 32: Energy dissipation in overall deformation, Platform B.

platform to a collision then depends on its global deformation
to a great extent, and a buffering effect is produced.

The buffering action did not occur immediately, however,
but rather there was a lag time during which the reduction
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Figure 33: Reduction in local energy absorption.

in impact load was negligible and the impacted member
behaved as though it was rigidly fixed at both ends.This effect
was mainly caused by the very large inertia of the platform
topsides. The lag effect and the influence of topside weight
on platform response are discussed in detail in Section 4.4.3
below.

4.4. Buffering Effect and Energy Dissipation. The impact
energy is absorbed by the platform in various ways, depend-
ing on the relative stiffness and different deformation modes.
The main emphasis here is on energy dissipation rather
than collision force. The proportions of energy dissipation
are summarized in Table 9. Elastic energy dissipation is
considerable, especially for a flexible platform.

4.4.1. Plastic Energy Dissipation. The amount of energy
absorbed locally by the affected member depends mainly on
local cross-sectional deformation and beam-type deforma-
tion between its two ends. Figure 29 depicts the simulated
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Figure 34: Local damage, Case B1.
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Figure 35: Local damage, Case A1.

local energy dissipation in the affected member for platform
model A, with the proportion of energy dissipation in cross-
sectional denting and beam-type deformation correlatedwith
the point of collision. When the impact load (simulating
the collision) was applied at the mid-span of the member,
beam-type deformation was significant. Conversely, cross-
sectional deformation was predominant when the load was
applied close to a joint. Cross-sectional deformation was the
main response in Cases B2, B3, and B4, in which energy
dissipation depended mainly on the wall thickness in the
vicinity of the impact point. Consequently, energy dissipation
increased when the impact point was closest to thick-walled
joints. However, in Case B1, the deformation behavior of the
member was mainly beam-type bending and, even for small
wall thicknesses, the energy dissipation was considerable.

Figure 30 depicts the simulated plastic energy dissipation
in platformmodel B, which relied mainly on plastic response
to bear the collision impacts. Such significant plastic response
is believed to be caused by the relatively low local strength of
structural members, considering that the design of Platform
B is bulky in global deformation mode.

4.4.2. Elastic Energy Dissipation. Energy dissipation inmem-
bers other than the leg segment impacted by the collision is
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Figure 36: Local damage, Case B2.
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Figure 37: Local damage, Case A2.

shown in Figures 31 and 32, which indicate the elastic energy
dissipated as a result of overall platform deformation. It can
be seen that the amount of elastic energy dissipation remains
low initially, then rises sharply along with ship displacement;
this corresponds to the lag effect. Three-hinge mechanism
analysis indicates that themembrane tensile forces developed
most readily when the impact point was close to joints,
where the impacted member is the strongest. The high local
strength of members transmitting the forces to the topside
favors an elastic response, as the topside rapidly dissipates
kinetic energy. Comparison between Figures 31 and 32 shows
a significant difference in the extent of elastic response of
PlatformsA and B. Regardless of the collision location, elastic
energy dissipation in Platform B was found to be generally
limited, which is mainly attributable to the very high overall
stiffness of the structure.

The simulated buffering effect was reflected in the allevi-
ation of collision forces and local energy dissipation, both of
which contribute to the protection of the member impacted
in the collision. Figure 33 summarizes the dimensionless
reduction in plastic energy absorption, normalized for iden-
tical single-column cases.

It appears that obvious elastic response induces a large
reduction in plastic energy absorption, reflecting a substan-
tial buffering effect. When less plastic energy is dissipated,
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Figure 39: Local damage, Case A3.

impacted members are protected from undergoing severe
structural damage. Figures 34 and 35 show the simulated
local damage to the impacted member for Cases A1 and
B1. For Case B1, maximum stress = 34.77Mpa, maximum
penetration = 0.8m; for case A1, maximum stress =
36.11Mpa, maximum penetration = 1.2m. For the same
collision scenario, the impactedmember suffered less damage
when the elastic response was considered.The other cases are
illustrated in Figures 36, 37, 38, 39, 40, and 41.

The conclusions drawn from the above results are that, for
structural members impacted by a collision, the impact force
will decrease and less plastic energy is dissipated due to the
elastic response of the platform, especially when the platform
is flexible in global deformation mode. Furthermore, the
members themselves suffer less structural damage.

In summary, the structural elements of a platform were
shown in this study to be capable of withstanding a much
more violent collision when the elastic response is consid-
ered, compared to an analysis where this aspect is ignored. All
of these results demonstrate the buffering effect. It is logical,
therefore, to point out that the NORSOK Standard N-004
underestimates the capacity of bracing elements to withstand
collision impact.

4.4.3. Lag Effect. As foreshadowed in Section 4.3, the elastic
response is time dependent, due to the very large inertia of
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Figure 40: Local damage, Case B5.

3.891e + 08
5.505e + 08
3.120e + 08
2.734e + 08
2.349e + 08
1.964e + 08
1.578e + 08
1.193e + 08
8.072e + 07
4.217e + 07

3.627e + 06

Fringe levels

BZ25-1 rigidship leg single mid
Time = 0.49999
Contours of effective stress (v-m)
Max lpt. value
Min = 3.62678e + 06, at elem# 35418
Max = 3.89031e + 08, at elem# 37812

Y

Z

X

Figure 41: Local damage, Case A7.

the platform topside. The topside motion is directly coupled
to overall deformation of the platform. The elastic response
only becomes significant when sufficient impact energy has
been transferred to the topside as kinetic energy. If the topside
is constrained to zero degrees of freedom, the platformoverall
behaves as a beam rather than a cantilever.

The lag time denotes the period of time before the topside
begins to deform. It is defined as the period of time when the
topside velocity is less than 0.1m/s. Due to its very largemass,
the kinetic energy of the topside is also very large, even at low
velocities. In order to investigate the effect of the topsidemass
on platform response, collision scenarios identical to Cases
B1, B2, B3, and B4 above were defined, and the topside mass
was manually set to zero. The lag times for the various cases
are listed in Table 10.This demonstrates that the large topside
mass increases the lag time considerably.

The length of the lag time correlates with factors such as
collision location and platform size. Figures 42 and 43 depict
the time histories of the topside kinetic energy of Platforms
A and B for vessel collisions with different points on the
structural member. It is shown that the lag time tends to
be shorter when the impact point approaches joints in the
structure. A high local strength of the impacted member
transmitting the forces to the topside shortens the lag time.
The elastic response for a bulky platform (e.g., platform B,
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Figure 42: Time history of topside kinetic energy, Platform A.
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Figure 43: Time history of topside kinetic energy, Platform B.

Figure 43) is generallymore rapid than for a flexible platform,
regardless of the position of the collision point.

5. Conclusions

For large deformation, the resistance-indentation relation-
ship recommended by NORSOK Standard N-004 underes-
timates the resistance to indentation caused in a shipside
collision. This is due to an inaccurate description of the local
deformation mode. Ship stiffness is important in the ship-
column impact analysis, by influencing the distribution of
energy dissipation.The gradient of the resistance-indentation
relationship tends to increase when the ship’s hull is relatively
soft.

It is essential to be aware of the elastic response in
the analysis of vessel-platform impacts. The contribution
from the elastic response to alleviating collision forces and
reducing energy absorption, defined in this paper as the
buffering effect, is significant. In this way, bracing elements
are protected from serious structural damage. Consequently,
they are able to bear much more violent impacts than pre-
viously thought. A time delay exists during which buffering
effect is negligible. This lag time effect occurs because the
platform as a whole only deforms after the topside takes up
sufficient kinetic energy to overcome its very large inertia.

The elastic response of a platform depends very much
on where the colliding vessel strikes the leg segment of
the platform. Collisions that occur close to joints favor
the buffering effect, since the segment has greater local
strength in that region. A platform that is flexible in global
deformation mode tends to have a more marked buffering
effect than a one that is nonflexible.
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