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INTRODUCTION

® Green energy is taken seriously
nowadays.

® Ship collision is one of the major
hazards of jacket foundation.

® Rapid assessment of crashworthiness
1s necessary.
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® Energy dissipation

QO

(

: 3.500e-02 :
impacted leg = 60% 3222:321
rear leg ~ 15% 2.000e-02

1.500e-02
1.000e-02

other legs/braces = 25 % 5000043

0.000e+00

® New super-element for punching
phenomenon.
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ANALYTICAL
FORMULAS
DEVELOPMENT
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DEFORMATION PATTERN

® Punching phenomena is obvious while one
or two junctions are collided by the stem or
bulb.

® The punching indentation occurs only in X
direction of rear leg local coordinate system.
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CRUSHING PROCESS

Next 0

[Local mode|-Energy rate «——

[Local mode]-Crushing resistance P, a (5)

threshold or not?

If local resistance exceed No
§e

[Global mode]-Crushing resistance
‘ Next \6
[Global mode]-Energy rate >
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VIRTUAL WORK

® Eext = Eint
®E,.=Pé

Eine = [ff, 0ij-€;j-dV

E;
o P — l'nt
o)
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LOCAL ENERGY RATE-RING

® Crushing energy rate of ring

C e
. . + = i =
by = By (o +£22) R
4 \
; 14 1
Eb = 2M0 -5 + (_ — _) VC + f Kldl + f szl] '( R ald Y1
R, R, » g
|l [} . &
M,: fully plastic bending moment N\ s
w(ikd)
V3 Ve : tangential velocity of plastic hinge \-_\h___ | A="3r
K4, K, : change of curvature of C; and C,
E
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DISPLACEMENT FIELD-RING

O R=RA AT cfs(llll))) SlZn(:lf))sm ) i _,:_ \ | O
®R,=R-— S(m—1p+sin ) I;;/’“' -‘“"x\‘“\ ;
n(1-cos Y)-2(Pp-sin ) f ) | ,:I /g_‘i
® AB = (Ry = Ry) siny 1 T F T
® w(0,6) =y — x0)* + (zy — 26)° \“——----—--‘ H.'meﬂ C)
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DISPLACEMENT FIELD-RING
oY=y + T —hg)m

EMship, ),

Punching Force, P (kIN)

F/(4Mu/R)

0 0.2 0.4 0.6 0.8 1.0 12
DISPLACEMENT /R
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LOCAL ENERGY RATE-GENERATOR

® Crushing energy rate of generator

Ey=[, Eqdl=|

1 + 1

§1—a  é-a

|

. . a .
Em(9,6)=n0f_iizem(9,6,y)dy=nOW(H,cY)%c?[ o 1 ]

§1—a $2—a

. ow ow . .
€n(6,6,y) = oy 3y =axial extension rate

n, : fully plastic membrane force per unit
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GENERATOR

W©,6,)=w0,6)(1-£%)  fory€la; &]

w,s,y) =w(6,6) fory € [—a; a]

W(6,6,y) =w®,8)(1-1%) foryel-&; —d

w(e,d,y) = w(8,8)

-
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LOCAL CRUSHING RESISTANCE

® Total energy rate

E=E+ By =B (a+252) + B (7 + 22)

® Evaluation of {; and &,
ap; 2
E_O =>§, = min(a + ’ Ly) 1 )} 5
01—~ & = min(a + ’ZE = }
f)‘{f 2 — 2
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& GLOBAL CRUSHING RESISTANCE

. . . Mo p—5—
® 4 plastic hinges mechanism |
3]
|
Wninge = Mo + My + M6 + My : |4
\
I PG, . PG o 1
W, = 2‘ L6 + 2" Ly Ifea -
| | »p
K 2
§tMo .
1( (68> 8 |
‘f(‘”—z((;) —1)(5—2) o |
‘ 2
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& GLOBAL CRUSHING RESISTANCE

® Threshold
L'y+1L
Pi(8:) = P.(8:) = ﬁz(1 +B X [Qp % e@))Mo P
1~ 2
Py(9) P.(6)
Qp=1 for £<0.6
=m for f>0.6 Threshold |- 7S ><
|
® Global resistance : g e
: is influenced by p
_ L+l N(&) | _ Brace Diameter
R(8) = i, (1+EXJprfr)Mu(1 N + NS -6, 6i ﬂ—m
e!

. NE(5—5¢) ) )
N(6) = min (—2(1+,8xJQ_,ng:Mn)’N°

30/01/2015 ANALYTICAL FORMULATIONS FOR SHIP-OFFSHORE WIND TURBINE COLLISIONS




7/24/2015

EMship X
o (& Icam

NUMERICAL VALIDATION-
SIMPLE TUBE JOINT

EMsfiR2  MODEL DESCRIPTION

e Jacket-like cylinder dimension

*
icam

® Material and prescribed displacement

L1=6.5m

Span=17m

Indentation , d (m)

hickness 40mm
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MESH SIZE CONVERGENCE STUDY

e Mesh size: 100mm => 25mm

Smallest Number of | Discrepancy of | Discrepancy | Simulation
mesh size element energy of force time
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DIFFERENT f RATIOS #~'%;otamece

Internal energy Crushing resistance
2o B=0.32 p=0.48 g
- =5
é SN :
R B=0.8 Z
g &
E

ﬁ:l 0.00 010 Q.20 030 040 R ] 0.60 0.70 080 090 100
0 3
000 020 040 D&} 080 1.00 120 Indentalmn, d (m)

Indentation, d (m)
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DIFFERENT f RATIOS

® 3=0.32 (small brace diameter)
® d=0,2~0,4m => 35% discrepancy

— LS-DYNA
— Super-element

Internal energy, E (kJ)
Resistance, P (kN)

g
g

060 0.80

0.40 1.00
Indentation, d (m)
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Discrepancy =
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E super element ~— E LS DYNA

Ejspyna

080

Indentation, d (m)

1.00

Super-element

EMSRY DIFFERENT § RATIOS

® 3=0.48 (jacket-like)
® d=0,37m => 8% discrepancy

*
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g LS-DYNA
TOo00
g >
] 6000 [ Super-element
B s :,', §000
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® =1 (large brace diameter, Dz=D), )

® d=1,8m => -14,7% discrepancy

24000

20000

16000

-
I
2
=3

@
g
=

Internal energy, E (kJ)

.
2
=)
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DIFFERENT £ RATIOS ‘i)cam
|

LS-DYNA

Super-element

40 060 0.80 100 120 1.40 160

Indentation, d (m)

:

:

Resistance, P (kN)
I
g :

g

LS-DYNA

0.40 080 120 1.60 2.00

Indentation, d (m)
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DIFFERENT SPAN

*
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Internal energy, E (kJ)
§ 8 &8 § ¢ 8

@
o
8

020

Internal energy

65

6

55

45

4
35
e

25

2

15

1

05

040 060 o

Indentation,

L=17m
— & membrane
----- Membrage only
F H-M/,/A
¥ : L=23.5m
w
" 4c,KW.2
fyAl
) 060 o080 100

Crushing resistance

ntation, d (m)
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EMSR2  DIFFERENT SPAN

®/=235m
® d=0,8m => -3% discrepancy

9000
7000
=
é 4000 Ay 6000
— LS-DYNA & s000
7}
R g
@ . £ 000
- — Super-element 2
® o g
E M 2000
*é 1000 i

020 040 060 080

Indentation, d (m)
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—LS-DYNA
—— Super-element

120

Indentation, d (m)

EMshipd
==& TWO JOINTS WITH GAP
® /=17 m (L,=7,5m, L,=9,5m)
® d~0,36m => -9,6% discrepancy i |

:la+0.7*gap'

-
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Indentation, d (m)
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—LS-DYNA
—Super-element

08 1
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NUMERICAL VALIDATION-
REAL JACKET FOUNDATION

; )
ddddddddddd " JACKET PUNCHING SCENARIOS fcam

fixed

mar

The rear leg is punched by 1 brace! The rear leg is punched by upper | The rear leg is punched by 2 brace
(upper brace). i brace, and restrained by lower i simultaneously.
! brace. i
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CASE 1: 90°-SCENARIO 7

eL,:9m, L,: 14,5m ® Buckling of braces at d=0,6m

1000
Super-element

LS-DYNA

Internal energy, E (kJ)
g

000 010 020 030 040 050 0.60 070 080 090 100

Indentation, d (m)
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CASE 1: 90°-SCENARIO 7

0.90
0.80
g 070
P’
= 0.60
2.0006-02__ -
1.5we-uz_l‘,-|| E 0.50
=}
1.000e-02 | = 040
5.0002-03_ -
0.000e- <z
0.000e+00 _ _g 0.30
= 0.20
0.10
0.00

000 020 040 0.60 080 100 120 140 160 180 200
Time (s)
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CASE 2: 90°-SCENARIO 11
eL,:9m, L,: 1,5m Hozs
e Buckling of braces at d=0,23m

C O Tme®

Super-element
4000

3000 L5-DYNA

Transition from local to global

Internal energy, E (kJ)

Indentation, d (m)
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CASE 3: 90°-SCENARIO 111

e [,:10m, L,: 13,5m, gap=0,82m

e Abrupt global movement at d=0,23m 5 Sl Super-clement
LS DYNA
e Bulcking of braces at d=0,46m M
R G o
f [ Partld g
EZ.Si 7%; ; 1500
] g
5‘ L - - | Buckling
E T o’ = Glgt;s&lmm:e“ment e
E & = === F— - Indentatiun., d (m)-
B L L= T B5 ,
05 1 L5 )
Time (s)
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CASE 4: 60°-SCENARIO 7

eL,;:9m, L,: 14,5m _ .

Upper brace

ot
n

e Buckling of brace 558 at d=0,61m

Displacement (m)
[

7000

g LS-DYNA
6000

m S000

=
>

4000 0.5

Super-element

§ ¥ g

Internal energy

=]

000 010 020 030 040 050 0.60 070 080 09 100 110

Indentation, d (m)
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CONCLUSIONS &
FUTURE WORKS
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® Scenario /] should be improved. scket —

LS-DYNA

e ()verall energy

® Energy obtained by super-¢
Bow = 20%
Bulb = 23%
Punching 1 = 6%

-]
=]

-~
=

super-element

= ()verall energy

[=.)
=]

= == Bow

S
=)

Internal energy, E (M.J)
th
=

Punching 2~ 5% (~~26%g ., 2/ |77 -
= === Puching 1
PunChing 3~ 15% 20 = = «Punching 2
o = = «Punching 3
0.00 0.50 . 1.00  1.50 ' 3.00 350 4.00

Ship displacement (m)
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Collided Leg Rear Leg

® Punching 3 => overestimated ® Shearing effect => 30% of rear leg energy

of Effective Plastic Strain
alue

th ©

elem# 1
max=0, at elem# 1

& oo th
(=]

—LS-DYNA

— Bow+Bulb
+Punching 3

NN W W
S hh © th

—
th

Internal energy, E(MJ)
o
=

h

0.00 050 1.00 1.50 2.00 250 3.00 350 4.00
Ship displacement (m)
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CONTRIBUTIONS OF THIS STUDY

e Development of a new super-element for punching

e Validation of the super-element for different f

e Validation of the super-element on real jacket model for
different scenarios
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® Programming the new super-element in C++ .
® Calculation of jacket nodes displacement.
® Another pattern of punching scenario

(to be more accurate).

® Buckling of the braces and shearing

g 80 LS-DYNA
near the mudline. Q7 Towl

« 60 .

i Collided leg

® Energy absorbed by other legs/braces & s Rear leg

= 40 5
(20%). = %0 Others

E 20 = = = Collided+Rear leg

'E 10

0.00 050 1.00 150 200 250 3.00 350 4.00

Ship displacement (m)
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