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This paper is about design concept and simplified analysis method against dropped object events, The ships and offshore
structures are exposed to various types of dropped object accidents such as laydown area struck by drill collar and topside
deck hit by food container during their lifetime, Mitigation can be accomplished by proper facility layout and designing structures
to safely absorb energy from accidental loads, It shall be designed to avoid loss of life, environmental pollution and loss of
assets, Impact loads can lead to structural global collapse of the main structure or punching of a local barrier type structure with
potential to escalate directly or indirectly to a global collapse of the structure, This study provides the background information on
the issue of dropped object of the shipyard and also focuses on structural assessment of the local individual component such as
deck plate, stiffener and web/girder by using simplified analysis method, The results of the simplified analysis method were
compared with numerical results using non—linear finite element simulation,

Keywords : Dropped object accidents(={GEAIL), Simplified analysis method(710| SHATE), Acceptance criteria(6127 &), Accidental limit state
design(AfL SHAAER A7), Design concept(AAI7HL)
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Fig. 1 Impact scenario of dropped object

E,: potential energy of dropped object before falling
=mgH, (1)

where,

m . mass of dropped object

g : gravity of earth
=9.81m/s?

H . dropped height

c

M'-_-l'.

where,
v . impact velocity
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where,

B, = M,[2(B+12t)0, + B0, + 4/ (b/2) + (61)° 0,

B+12t+ —

=8M
8 24t

A act_bending b2
r b

A act_bending

0=

A act_bending

" (2]

A endin

04: - 2(1(,t_b ding
b 2. ﬁ)
\/(2) 6t) (b/2

_ Aa,a%_bendi‘ng . ( 1 1 )
05 = b2 b/(120) T 12tb
(5) +(61)?

length of plastic hinge line(see Fig. 2 (b))
DR +B@ =2(B+121)

®® =B

D6+80+26+5D=4y/[ 2] +12¢

M, plastic bending moment capacity

tza(]
T4
o, material yield stress
b: plate width
1. plate length

t: plate thickness

C} Ztolot st O|= 4l (8)2 LIEMH %= ACt

A allow >A act_bending

b\? 5
r= 5 + Aact_bcnding (9)
—b/2
8(1,(15 = . b/Q/ (10)
mHERfe| &AS Hittolk= 7|1EQR, MY E(e,,) 40| Tt
WSS (e, )20t Bojof She Z7IoE A (1) Lietd 4 ¢
ct
8u > 8(1(2, (11)
(a) Angle of inclination
|
2 1
Stiffener 1\
® (6)

Stiffener ‘ !
4 3
6t | B | st
(b) Plastic hinge line
~ b/2 R
* >

v | Au(l bending

(c) Axial displacement(r) due to vertical deflection

( A act_bending )

Fig. 2 Deflection of the plate member by plastic hinge
theory
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Dropped object
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I |
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il Il
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Plate I |
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|

|
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Shear circle

e+

(a) General fallure description

Impact Area

$ D ‘

(1+¢)D-D)
2 (D-D)
2

(b) Detail description

‘
H |
: Aac‘r _ shear

Fig. 3 Plate failure due to the punching shear

i) BE of x| Alxk

List20| IHEA|S DESH=D| T o5 of LX|(
2 Atk g 2 sick
E =TIt

w

where,
. shear through work

u}

F. average shear through force

2

P perimeter of dropped object

EIU)E

“Steel Area absorbing Impact Energy

A (12)

(12)

=2(L,+ B,)
L, length of dropped object
B,: width of dropped object

SHSHALLLO] EHE E—':FKHOI USEHE Hisk= 71222 &
Zol|lHRI(£) 7t &S0l 2=t =
Hez A (13)9§ LIER 5= ek

Lﬁl'éi’gol 'EH?‘XH jl_}.Eo}_ 7|O|( )E A—! (14—)§ ﬁ|ﬂ§ml'

d,_,: distance of shear through (14)
=d,_, —d,,
where,
d,_,: . distance of object passed in T,
=T
d, ,- distance of W, passed in T,
=(aT?)/2
T, : time to impact
=v / a
Wopeom - Weight of absorbed area
=Vp
V. absorbed volume
=E/d,_,

p - density of material
d, .’ strain energy density

s_e
=¢&,0,
o, material tensile strength
a: acceleration of weight
=F/W, / absorb

EHERel 2SS Hetehs 7|E22

T (¢) et Zotof Sk =242

iz

2, A (15)2 Li{efd = Ut

oS 2ol(d,_,)7t #el

t>d,_, (15)
i) &E ALk
Helol] o/t BERI] HEBHA,, ., )2 A (1622 7
gich
— (DD,
Aact_shrar: \/(2811 + 83) .( 2 ) (16)

where,

D : equivalent diameter absorbing the impact energy
= ﬂ-i— D?
Tt '

D, : diameter of dropped object
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BR(A o) 2EH ZOIOF SH= ZEZiCZ,

=3
act_shcar)t X-Ix

A (17)2 Lk % 9

=

allow > Aarf,_sh,ear (17)

3.2.3 2ZA|e| ok

=eloll /st okt

22wl 2E0l ofst T2 BEKle] SEES MafE B
el Dt mal Mol 2[5l mtto] YMskE Aoz
CHSIC) Fig. 4= 22| 7|5 Mo|g 9lslo 1 thent Zo|
ek MES LIEKH Zolct

tw

Hw

tf

[ ]

e

(a) Cross section

/2

1 .

o - s

(b) Deflection
Fig. 4 Cross section of the stiffened plate

BTl HE(A )2 Al (18)22 Toich

P . collapse load of stiffened panel
_ 4,
l
M . plastic bending moment of stiffened panel
= 0—0. Zp o
Z,, - plastic section modulus of stiffened panel
b, effective width of stiffened plate

SEAol ofeh EHFRf2 g,s:! HEZHA S HE 584
(As_ullow)EEl' |'O|-0i: |_ E /%I (19) L.l-El-lé _/IE g)l\E'l'
Ay alow > Dy (19)

Fig. 4(b)258E HME(A ol 7[¢lgt &
B8 (e,) 2 1700 BYROIA Uit HJ@%(%)% 2424 4
(2002 4} (21)2 Liepd % 2lc

VU/2) +82—(1/2)
1/2

where,

N,: number of stiffener in the impact area
=fl007‘(.[/m/b), N, =1

L, length of striking face

SSPARLIOf CHEE 22e| BAkE HESkE 7|E2Z 1UHel 2
Hol|lA LIEHH= MY E(e,) 20l Tt MY E(e, ) 20t ot
OF sh= 4 (22)2 LEf == UCk

e, > &, (22)
5l=0| 2ol Ho{R mf 2ZRIF 2D Qs B By
E0ll4X| M& S2(elastic strain energy resistance, E,)& Al
(23)22 HAksl
1Z,
E = K0 (2u,)— (23)
where,
w, - ultimate energy resistance
o,+o,
= 2 : 811

7, section modulus of the stiffened panel
y,, ! neutral axis of the stiffened panel

Beam condition
](fadm
Load Boundary ’

Concentrated Simple support 0.167
Distributed Simple support 0.267
Concentrated Cantilever beam 0.167
Distributed Fixed 0.100
Concentrated Fixed 0.167

LSIARTON TSt 2ol £AI2 BEists 7FOE Hiel B
Urjoll B3k FHOILII(E,)7H B HEE oLzl M2
S2i() 2h Wk ook sk 21, 4 (24)2 LIk 4 9o,

E > E, (24)
where,
E,: impact energy per unit stiffened panel
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HEE of| x| A& S (elastic shear strain energy resistance,

E)2 A (25)2 Auslct. e, >e, (29)
C = olHo] ;&

E. =t 1 -2 25) 3.2.4 ol = gHo| T

Mctol| ost &AL Eict x40 =2 e HUR|ol| XF25tE & SEZRof| CHE AlAk SYst whiHo= a5t
ZHo|HX|(£, )0l EHY M HEE of|X| ME S3(E,) at &2
C} tojof sh= Al (26)22 LIERY 2 Qict 3.3 Z10] iAol R}
B, >E, (26) N
Fig. 52 210 siAeHol| 2|5t ke THERY, HZAY, Ho{HLt
ot MEE,)oF 24 WA E(plastic strain, ¢,)= 22 4] Ql=0l| CHEt ZERof S5k ZTHI} HXIE LIERH Zo|ck,
(27)2} (28)2 Fsict. S0l X2t ZEEIt o1 87|ES YEotn Mz S4%(et
7= £X 7|5t EMR|Z Zzte] fxE0f| tisto] &4m)

Start
(Dropped/Swung Object Analysis)
Impact Energy & Material/Geometrical Data
(Plate thick., Stiffener Size,
Acceptacy Criteria Span, Boundary)

Web/Girder
| Web/Girder Strength Check
I Reinforcement

Calculation of Elastic/Shear Plate
Resistance & Deflection

Stiffener Strength Check

Reinforcement

Resistance & Deflection

Calculation of Plastic/Shear |

| Plate Strength Check

Kinetic < EReststance
Eactual < Eallowable

| Reinforcement

Kinetic « EReststance
Eactual < Eallowable

No Local Shear Through?

Serviceability State

— T Serviceability State
A tabl alculation of the i Acceptable
ceeptable I‘L:ocal Shear Dlstance/Deflectionl P
¥
alculation of the .
Global Bending Deflection/Strain
¥

Yes
Yes
aa:tual < 6allowable
Eactual < Eallowable

Serviceability State
Acceptable

Yes

End
(Reporting incl. Restrictions)

Fig. 5 Flowchart of the dropped object analysis

258 CHEt=MEHS|I=2 %! & 56 & X35 2019 6Y



712 71
L=4-4

|'0II

£l
=

3.4 Zlo| siMH HE
3.4.1 7125 SAle| B4

HESYUA & 2kZF SAKTable 1)S2f oAt of
Map gdgh | AlLA 2FAIE EMSINICE

Table 1 Experienced project of the offshore structure

Type Project(Ship owner)
Goliat(ENI), Q204(BP),
FPSO Rosebank(Shevron), AKPO(Total),
USAN(Total)
FPU MHN(Total), Jangik(ENI),
Gendalo—Gechem(Chevron)
SPAR Asta Hansteen(Statoil)
TLP MHN(Total)
S/S Rig West Mira(Sea drill),

Bollsta Dolphin(FOE)

Table 2= Table 12| 8 SAIE & CHEX Lo} silA AL}
2|20] st Z=H F7|eF T, FH0HX], HeiRIFe| +
x= £ HMelgk Aolct.

Table 2 Required kinetic energy and scenarios for the
dropped objects

. Impact Energy | Dropped | Contacted surface/
Selected object (kJ) Area | Weight of object(ton)
Container Lavdown
(6.1mx2.4mx2.4m, 790 Zrea Single surface/20.0
Rigid)
Square box shaped
pump Laydown | ..
(2.4mx2. 4.4, 790 are Single surface /7.3
Rigid)
2m Cube
(2mx2mx2m, 750 Deck Single corner /7.5
Rigid)
Container Lavdown 2.4m equally
(6.1mx2.4mx2.4m, 600 :rea distributed Line
Deformable) /20.0
Container
Laydown 2.4m equally
(6.1mx§i;gw)x2.4m, 240 area | distributed Line/20.0
Drill collar Dril
(Dia.241mmxlength 179.5 floor section/12.2
740mm, Rigid)
Drill collar Pipe
(Dia.241mmxlength 89.8 storage section/3.05
740mm, Rigid) deck
Drill collar Roof of Inclined
(Dia.241mmxlength 44.9 shake section/3.05
740mm, Rigid) house ‘

Fig. 62 iZ=ollM =ast Q204 FPSO ZZHEQo| Azt
108 22| MgHA S=A|(2nmx2mx2m, Rigid))7F =iL-|
SUFol| =0] 7.5mollA HOo{Z ol CHEt H|MH

SR 5iA ZnE of|2A LERH Zio|ch ARSE PxsiAlE

(a) FE model

(b) Deformed shape and von Mises stress
distribution of deck

0-LS:DYNA keyword deck by LS-PrePost

Node no.

_A 160797

3
S

Displacement

200

0.01 0.02 0.03 0.04
Time

(c) Depth of deformation at different time

instants of deck(unit : mm, sec)
0.8-L.S:DYNA keyword deck by LS-PrePost
{4 C Co
_Bt— -
_A Kinetic Energy
0.1 e _B Internal Energy
g _C Total Energy
3
3
Y o4
8
g
g
:
02 <
e B i L 1 i FE——_
0.005 0.01 0.015 0.02 0.025 0.03

Time
(d) Relationship between kinetic energy and absorbed
internal energy at different time instant(unit : )

Fig. 6 Example of Nonlinear FE analysis using by LS -
DYNA
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S 20
£ —e—rEA
8 200 --#&--Simplied
<
2 150
2
Q 100

o
o

o

Dropped events
(b) Displacements
Fig. 7 Comparison of the FEA and theoretical results for
experience projects
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Fig. 8 Strain according to change of the mesh sizes
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Fig. 9 Strain energy for different mesh sizes
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ZEH o7t HEECE F=E M, 2 34 ol1XIE S5s= 9
Bt Hojoe| 2oz QIS MT==2| 81 2247t UCk
SEH2 EF o] Pt2M FRA HERel M
8iX|sl| 2lstod 2R 2loll L (wood) E= GRP(glass fiber
reinforced plastic) EHE MXle 4= Act J2{t LIREAIE
Mx|sh= ol ost FxE9| Fot L % fEih= #x2T
[e]

Hartg st 12{sHK| 2= Zdo| YLEHolct,
3.5.3 = FAe| "A

DNV M43 70l &elel 1z SAxjol chelof ZHEskiC, Fig.
102 DNV(2010)2| DNV-RP-C2042t DNV(2013)2| DNV-RP-C208
O] TIAJBHE S24-H8IE TMZ UL Bl ARSSIT 3

= o4zt 1R Zhigh tensile steel)oll CH5t04 B|mst Zio|c,

(7]

=4 —=—C204 : Mild steel

n —&—C204 : HT 32 steel

—e—C204 : HT 36 steel

—=—C208 : Mild steel

------- C208 : HT 32 steel
3.+ C208 : HT 36 steel

0
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(a) Stress—strain relation curve
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(b) Strain energy density
Fig. 10 Comparison of material properties by the DNV-RP-
C204 and C208
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Fig. 11 Comparison of material properties by the DNV-RP-
C-204 and simplicity formula
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