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Comparison Study of the Impact Response Characteristics of Fixed Cylindrical Offshore Structures

Considering Seawater Fluid Region
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Abstract: This research focused on minimizing the response of fixed cylindrical offshore structures to a ship impact considering
the seawater fluid part. A collision between a ship and offshore structure is generally a complex problem and it is often im-
practical to perform rigorous finite element analyses to include all the effects and sequences during the collision. The structural
behavior of a fixed cylindrical type offshore substructure with a seawater fluid part has a simpler response and small deforma-
tion due to the dissipation of impact energy. Upon applying the impact force of a ship to the cylindrical structure, the max-
imum acceleration, internal energy, and plastic strain are calculated for each load cases using Ls-dyna finite element software.
In the maximum cases 2.0 m/s velocity, the response result for the structure was carried out to compare between having a flu-
id region and no fluid region. Fluid-structure interaction analysis was performed using the ALE method, which make it possible
to apply a fluid region on the impact problem. The case of a fixed cylindrical type offshore structure without a seawater fluid
part can be a more conservative design.
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Figure 1: FE model of fixed cylindrical type offshore sub-

structure
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Table 1: Specification of the cylindrical structure (upper truss)

Type H (m) Legs (D) Lattice (D)
(mm) (mm)
1 12 80 32
2 12 65 30
3 7.5 55 28
4 7.5 45 26
5 7.5 38 24
6 7.5 32 18
7 6 32 14

Table 2: Specification of cylindrical structure (lower tubular)
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Table 5: Load calculation of the collision force

Collision  Velocity = 0.5 [m/s]

Diameter Thickness
Type H(m)
(mm) (mm)
A 15 2,000 35
B 5 2,000 30
C 17 2,000 25

Table 3: Information of the Finite Element model

Number of Nodes 365,001

Number of Elements 350,010
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Table 4: Material property of the cylindrical structure

Elastic Modulus 207x10°[MPa]

Poisson’s Ratio 0.34

Density 7,850 [Kg/m’]
Tangent Modulus 13.8x10°[MPa]
Yield Stress 355 [MPa]
Failure Strain 0.45
Damping Loss Factor 0.0004

=12 x 10°VxyDWT
= 1.2 x 10°%0.5+20
= 268.33kN
(AASHTO LRFD 2004)

Collision Force (Ps)

4. FASGAY

4.1 A3

Al 2o wet AFEER FRE] WY, 97HE
&, 59, WiouA e 7] e #ste] A7E #Alsta
2} &tk A FEEEE 1.0m/s, 1.5mds, 2.0mis 7
A WA A ALS Rl FEEREES FA-T
z  dHdadEs I FEAHS FIYsan

ALE(Arbitrary Lagrangian Eulerian)H-S- ||

71%9] EBulerian €¢318]F9 A4+ 38
distortions & = glaL, FrAlEANNA = 2-&dh=
HA &S g Aoy giEFoe] WA FREA
A-g3t7] offieh whebA, F2 GH o2 Wy ol

2w oiFad s 22 fFAEAC 48

—
@
2
a3,
8
T
=
g
B
>
=
o
_Dl_l
_L,\I_,
10
X,
I
e
k]
A
ulm
rlo
A N
Do oyo fo =y
= == =~
Sor 2 o

)
2

Moy B oo o

ggoz eist-tfe] wef
Lagrangian & # o] 9] 79
Eo] gt} o= A HEH S
0l ALE] 3¢ o] FE5d ¥ES 93

A= Ut} AGFAGAS

1
£
o
ajy
I o

2 oy0 2 X

L

a S

=

a3

!
')

rir

offt
2
olo
ol oy
il

W gz A AT TEE
FAHH 0 & B, C, D, E, F, Gi= AF-EIAN)E -
L e ST Table 62 o419 9=

ZE9] 20 nvs AEoA ] A

oAuA] S5 HolFal glon

24

o
B
=
B>
oX,
2
oflt
[l
)
-z
N

Table 6: Result of Impact Analysis (Monopile Structure with Fluid)

Velocity Dent depth | Max. plastic Internal
[m/s] [mm] strain energy [J]
2.0 96.4 0.002241 36,075
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