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Previous methods to evaluate the risk of dropped objects rely on personnel experience of the engineer or operator without

analyzed data, However analyzing historical statistic data is the best approach to find the safest operation route and to achieve

more reasonable and reliable calculation results, By counting the failure frequency and fatal accident rate the risk can be

guantified, and so controlled or mitigated with best economical risk reducing measures, This analysis gives a crane operator with

useful information for selecting the best crane operation route, and a designer with an estimation of risk level for the dropped

objects from a safety point of view,

Keywords : Safety assessment(QFA 7)) Quantified risk  analysis(E2A & &liAd), Dropped object(H6Hs), Offshore

engineering(a12f AlX|L|HZ)). Risk analysis(2/&l sHAd)
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iZtn| &td Slg=o| Zot MuF w25t J2|1 Mafjel 2| o AlEH0lME Sall Muke| oFMME Stilshk= dioks HAIGIR
Mo Hotst =i 2Hd B7F 52 & 5 UCH DNV GL, 2014). o FEOIME Mule| HTE MEslcls 34 o "It
(formal Safety Assessment)ZALE Tx|SlSIGCE OIZH &EHE
4 7000 Jldto] MM Y oM =2 IMEel Ao Muk M
g s000 % 9l Azo| At 7 LA @7FT it
< 5000 ; ’
5 4000 j
S 3000 2 3.2 2|lA3 Mo
£ 2000 ,
= 1000 = ) .
£, HH | HHHHHHT & T HMof(risk control)& I3+ BTt &AM J2|10 Hels
1970 1975 1980 1985 1990 1995 2000 2005 2010 II|:|.E|_:| |_E X-II%DI_L‘_'. _DIC_EJAl }él.olg |.7| _-||O| _J'EA-igl' OIEH I:éll
Year ’ ===
we Accidents Per Year ‘?’lE F|g 20‘” Hol 7'“—}‘ TrAl';I'EI' Flg 2= NORSOK 7-013
::..,e,,(,,cc.d.,m ,,.,‘:'\,ea,} (2001)2| ‘Part of Safety Management and Risk Control 0f|A]
Fig. 1 Offshore-Number of accidents, DNV GL Jlgstl Qe flE: FH, oM H BIHrisk estimation,
analysis and evaluation) ZI&82| SETOICt & A-0M= &
2.2 Jol kst Aol sk 25 2e o2 Set ol2f, @ Risk estimationof] S8 T2
A U2 sk=of M= Mo L El ProjectolM =38, 25| St 2lHtA
o| st=0t2 HA|SIYiC
SARIRO| olsiod sfot mojdle| Fael AL X of spns 4 oo AAISKAS
Jur s § JOE':'E I _i_/.\_ = HMISId on , = D3
o | 5a& =0 S0l BdoRle, 1 S SaE Fig. 2014 AIMD} EA Af2IS LS| 52 LR ofefet Zic
289 ok 75%= ZHoHet A TJ2|10 M3 Fo| ||
gele] ®&20lch (OGP, 2010). a2k Ridal uf Zab |

(@ Risk estimation
(® Risk analysis

(©) Risk assessment
(@ Risk control

(lifting appliance)el ARE BI=E 2™ Table 12F Z0| Mol 3
E‘”on_l-l" I:E.IEI |:-||EIO| OI—I:I-IO_'E_ 42% OEI- _JI\_ o |:|. (OGP

2010).

Table 1 Observed frequencies of lifting operations

on mobile installation :' R e e L EEEE R}
1 I 1): Risk analysis : !
Lifting Device Lifts per Year | | planning :i
Main Crane 24,480 E E 1
\ 4 1
T . 1 1 System 1
Dr|II|n.g. Demckl 28,670 : ! : dﬂz;mu ¥
Other Lifting Device 3,650 1| Rusk acceptance | 1 j || Risk reducing
1 criteria | measwes
Total 56,800 ! ! T
I
: i 1
1 I 1
Ol&] = 1 ! 1
3. $1g s 7| ! ' ¥
1 ! Consequence 1 :
: : analysis : 1
3.1 HUX 23 sfadof i3t ol | | t
| i |
1 I 1
2000 0% EHE Jlulel B2 FHEO| MNMEUD HYN || | I
218 siAl2 siek Aol 1 E2M0| B2 BA| =it 3 ! N
1
FQ MEIZ BHIME 2B siAlg St Mo tslof 7 ! . I
1
Z £012 5t 9lonf Ak ot ¥ M2 HRS I3 AlAES i©® :
LMoz Qs RCh ol MEAM 2 iAo Al & J et
the 212 oI TJL 5 58 FEo= olMssd 1 524 Fasher ik
reducing
Ol [:‘I:lo; —‘?—%LEI_T,_ ?,lkl:l' @; measures
3 tiEARl o2, =HMBHAP|HIMO)IME Z|&Ee| & 7|
s A7 (rule based design)7} ol BHES 7|%2 h= 98T Fig. 2 Risk estimation, analysis and evaluation,
7|8k 28k (risk based approach)T} 0| &g+ @2l gl NORSOK Z-013 (2001)
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22010 F2 Felol Al ZiEfolL]
el 24:20(0f Table 12+ 20| shet Atjde] #Ak Tl 3 of
o Jefolnt E2Y el Mol 3147} YENOE BES ¥

z'\_ OIO-I[_l._

Jeiu =2 HE2 eRYE 37ilAM 22O o2 o|fX|
= 2 ghalolct, ol2iM 2 dTFollMes Zael (ol et
At0of CHS10{ Fig. 31t 20| HIEEAl A|FME RHEZ UstE
off o3t M2} 013 AAle| = QA Y| EASIIC) Fig. 4 Overall layout of main crane

LU

ZHo|HE 2&3517| flgh el 2 Bk Wi 7 Hixl=
2% 574e] Fat Fa, EI_T'_ 2l 519 FH2Z O|FM U2

o I 7492 Table 2

Table 2 Area description

D Description Area(m?) Percent of
total area
Al Winch house 101.6 36 %
A2 Vent house 33.6 12 %
A3 General store 44.0 16 %
A4 HVAC room 34.9 12 %
A5 Air comp. room 65.4 23 %
Fig. 3 Accident scenario of dropped object from L Laydown area
main crane
41 9IE siA A P
2]
= oA70l|Me| 9/8] FH(risk estimation)2 chazt 20| 574 ‘*‘
o] £ chiol wat HAke It sy
[ 4 L . AZ .PI M
- = o 1A3 > -
1) $7 ARl 7|%8H 2t Tl L3t BT AL L[ = =]
_______ ) =y .
2) olX|eH S o|Zst 2t 7UH &4 ofLfX| ALt - N _:L_f“'_'pf_":_; 5K
3) ot oflak Piol FZHOILIR| chu| 2R HHE A » Pl SN
4) mfn| T AHpk
5) 21y &4 AL Fig. 5 Arrangement of room and store in the working
radius of crane operation
4.2 AMAH”H 290
4.3 98 2R}
Q] ATIEHZ0| 2 Al ddTolM = BHEEEAD A|FM| Moss
Maritime CSB0E model2 ARSSICH ZMoll= Fig. 42+ 20| siia ZdMollA MA S2 H ol &Ao| F 2F 2IXt
Zi5int foiof Zizt AAF S5, 100ton0| 7kSEF BlIEIA £ LYol 2™ Table 3z} Zct HslE=2 olsh 2|t szt m}
(Lattice boom) 3ol S 7t MX|=|o] RUCt BEMoZ HE] 1| EtsleA(hydrocarbon) 71 BEED} Zdk 72|11 M2ZE )
2= 3FE2 Table 2, Fig. 52F 20| Zfsdol| XM=l QA| 51 of 2 &2 ¥ A2 0|0 RHAte| XHRQl FAm| Alat
T (Laydown area), ©oll HA] =lof RCt, 2 0P| &= UCt
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MM fleleliAlS 0|88t Fofol Hot2ol I8y Holof ot oy

S4 3 met o 12 O|0fE %= QU= s AtA reldl £ (freqlift)= OGP,201001A HA|Sk= SA H|O|E{of|
O|Lt ZAAQl IE QA5 2t Zof ME7tet AIX|LoiSof 2lst w2l 3.10x10°8 ARSSIICt,
of {el, Bl, mfol A2, the So| SHolM 24, 21 4
£ mof skX|gt 2 oM E 3.200M ATHE HiRE 20| M Hit frequency = Freqy; X NX P (1)
% 7|Et Bt ProjectoilM 25| = hEXQl 91 2RSS Table 3
2 20| HMASHCL. Table 5= Class(Z2) 5121 (fredlift)2f BITAABITN)

Table 3 Possible external hazards

Possible external hazards

Possible consequency

i H
Operation azard to hull and operators
Drop of object Impact damage
Lifting by
crane Drop pipe and Impact damage
equipment Explosion
Helicopter .
clash Collision Impact damage
hi -
S .|p Collision Impact damage
collision
Icicle Impact damage
Equipment
Operation Haz. gas Impact damage

A}
o

AlSI9C} (Alessandro, 2000).

4.4 HIE 34

441 Hsl=2| 2R

S5t 2 Table 49+ 20| ZiE[o|H2| F7|ot SF a2(1 &
Slzof wk2t Class 104l & Class 52 242 273101 |

Table 4 Object characteristics

Class Size Vzlféi?t Lift per year
1 Large 15 600
2 Large 10 1,200
3 Medium 6 2,400
4 Small 2 3,600
5 Empty 1 6,240

st 7tsd
AL (1ol w2k AlekE

E(fredlift),
Pz

o Zo= O|FZ! 2t Classe| HaITE LIEKACE Table 52
Zt Class Haldlze| & &loll Table 22| HA HIES 12{51H
Al (1)of w2} Table 62} Z¢0| 2+ Poded H=HITI} S},

Table 5 Frequencies for class of dropped object

Weight Lift per Drop Freq. | Class Drop
Class

(Ton) year | (Freqis). Frequency

1 15 600 3.10E-06 1.86E-03

2 10 1,200 3.10E-06 3.72E-03

3 6 2,400 3.10E-06 7.44E-03

4 2 3,600 3.10E-06 1.12E-02
5 1 6,240 3.10E-06 1.93E-02

Table 6 Hit frequencies into area

Area No. Hit Frequency
A1 1.58E-02
A2 5.23E-03
A3 6.85E-03
A4 5.43E-03
A5 1.02E-02

4.43 THE 34 ol

AR ALt %’;% 2t 1 of 2l JESEofA] PoiH
B3} £5 7 of|1fX| LodollM BZH HEE AlA 2|1 M2t
o| mfi| RFRE =Rlsk=H| UCk 2t FHH A of|LX| ALk
2l A (2)ofl w2t 2t Class(EE)E 21l olLXIE ALkt

EF=mXgXxh (2)

of7lofM m, gt he 2kt 2P, F2H7IEE(9.81 m/s”) 12|10
=5t Zololch.

= AR ¢i7tel Yot =0[t SHE2 AHCE Z ol
x| HRIE 7|2 2Act w2t 2 oM e Zife| = 2ot
= T H2tE 2ORGk= FXof w2t Y2 MEZaksA| §in
E<500, E<1000, E<2000, E<3000, E<4000, E<5000 2|1
E<100002| 77H| o 4X| FHo = thealsio] 2f THE of 4
X8 xS AHlthsict

CetRMelsi=R2% M54 # X2 5 20174 4€
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S5t Z0l= Feflel BhY Wf S5t 7o eHRolM Fejjelel £
1 22 AMMz|et ZEojH2] 2 SAE 12E 3 mS

T | =
Z0|E 25 45t 20|12 M SIct ALk 2 Hd =0l=

S|
x
S50l 2 7Y 5 W) U5t 50|2 £F, AMBRICE

~

4.4.4 BZA HEE AN
MZE 2 x| g B AIFMoM AR MEE XFE
FozZ o5, 21T ThYlE gfo| Fodd XS, ERls
2 ARBEl R[5t CiE 2lejo| 71 gk
2 ARSI 1 Ao} Zk2 d|wsh 20K JHCh (Norman, 2012).
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GIRDER:
GIRDER:
GIRDER

5 = Ee (3)
i B PUS
22xle] Zolystome| HES()2 HURl M Halel
Fig. 72 F& olie| Al (4)ollM 7& = UCt,
(L/2)* + 67— (L/2)
€, = (4)
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| L |
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~._ o
— L

Fig. 7 Deformed shape of stiffener due to impact
load

HZA #Eol 156%S HS Al M2 Fig. 8o 2l
NORSOK N-0042| 7|Zo| w2} mjr|Ee Hdoz 71 si9ict
(NORSOK, 2013).
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Fig. 8 Fracture criteria of NORSOK N-004
4.45 T YT AN

Al (2)ofl w2} AHMEL 2t Class(B&) 2l olllX| gt2 Table 5
9| 2} Class(Z™)2t dxlsh= ol E F|ok| Elct ALk
oflLX] gt2 770 ol %] PYHo= BRE|1 Table S0ilA {8
sl g2 Table 71t 20| 2t 719 of|L4X| LHolMe| sl
T2 LIEL d 2 QICh Table 60flA] AHlAMEl FoiE S EHITof
Table 72| of|L4%x|2%H|S(percentage) S 12{5lH 2 Fd9
oll4%x| ¥odH & HIT 2 Table 87 Z0| A& &= 9t

4.4 3%0llM HME Table 82| 2t 7 of|LX| HE F=
E Table 99| of|HX] ¥ Lf 22 HEE AL Zupt
B 71&2l 15% =nfst sh=at AR[she g2 Shot ARtEe=Z
AISIICE Table 80IAM Altaoz FAIE 2t 7 ofL{X| A
H SEHITE O 7o} of|HX| oA Tp|Elctn 7HEE|
melEefn & 4= Qo

Table 80l Of mfuHlTel 2t i Zpk2 O 79| &

rc
Hn

El

rr 12 K
T

0
I

Y2 Folsp| ik PHY & TMIEE of 6
A% Sxel A Jlste] HH 9fF siael Zot goz

EHMo| Fafol 2 d= MHol| S thEGo| Eck

4.46 ®E AR HIZE AM

W AL HIZE(FAR : Fatal Accident Rate)2 {I&oll =
E= 4] Lol iz 2E 2ol 124(100 million) AlZH L of
=5 US YT ARAL 3= (fatality number)O|3l, x| AL gl
Eg82 A (5)°F 20| AXECE XY ALl HIEg2 ZA] ol
£Al(Potential Loss of Lift, PLL)E Hrk=l=H| Al (6)n} Zct
(Jan, 2007).
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Table 7 Energy distribution for different area and band

Area Description E<500 E<1000 E<2000 E<000 E<4000 E<5000 E<10000
Drop Freq. 9.97E-02 2.98E-02 1.12E-02 2.05E-02 5.58E-03 3.72E-03 3.72E-03
a Percentage 57.8% 17.1% 6.4% 11.8% 3.2% 2.1% 2.1%
Drop Freq. 6.92E-02 4.91E-02 2.23E-02 1.30E-02 1.12E-02 1.86E-03 7.44E-03
" Percentage 39.7% 28.2% 12.8% 7.5% 6.4% 1.1% 4.3%
Drop Freq. 6.92E-02 4.17E-02 2.98E-02 9.30E-03 1.12E-02 5.58E-03 7.44E-03
" Percentage 39.7% 23.9% 17.1% 5.3% 6.4% 3.2% 4.3%
Drop Freq. 6.92E-02 4.17E-02 1.86E-02 1.86E-02 1.30E-02 3.72E-03 9.3E-03
P4 Percentage 39.7% 23.9% 10.7% 10.7% 7.5% 2.1% 5.3%
Drop Freq. 6.92E-02 4.17E-02 2.6E-02 1.12E-02 1.30E-02 5.58E-03 7.44E-03
"o Percentage 39.7% 23.9% 15.0% 6.4% 7.5% 3.2% 4.3%
Table 8 Frequencies for different area and energy band
Total
Area E<500 E<1000 E<2000 E<000 E<4000 E<5000 E<10000 failure
frequency
P1 9.06E-03 | [2.70E-03 | [1.01E-03 | [1.86E-03 | b.07E-04 | [3.38E-04 | [3.38E-04] | [6.76E-03
p2 [2.08E-03 | [1.48E-03 | [6.71E-04 | [3.91E-04 | [3.35E-04 | b.59E-05 | [2.24E-04 | [5.23E-03
P3 2.72E-03 1.64E-03 | [1.17E-03 | [3.66E-04 | [4.39E-04 | [2.20E-04 | [2.93E-04 | [2.49E-03
P4 2.16E-03 | [1.30E-03 | [5.81E-04 | 5.81E-04 | [4.06E-04 | [1.16E-04 | [2.90E-04 | [3.27E-03
P5 4.05E-03 | [2.44E-03 | [1.52E-03] | [6.53E-04 | [7.62E-04 | [3.26E-04 | [4.35E-04 | [6.14E-03
7IEXE ket 44
Table 9 Calculated strain for different area and energy band
Area E<500 E<1000 E<2000 E<3000 E<4000 E<5000 E<10000
P1 12% 1% 124%
P2 63% [1295% 2583%)
P3 3% 12% 42% 82% 126% 173% 417%
P4 8% 31% 95% 171% 250% 332% 746%
P5 10% 18% 108% 192% 279% 368% 817%
7IEAE Zfeh gk
FAR= E)i)ifec.ﬁjfjrs - Pgé’i .- 1807860 © 4 @0l BEEE an, 2007,

POB,,=average annual number of manning level

0f7lollM PLLE

PLL=N(f,; * cuy)
n j

/,,; = annual frequency of accident scenario

c,; = expected numper of fatalities for accident scenario

4 (5)2+ (B)ofl w2t AlLkE 2 o XY Af Hl

(6) HAF ATk= Table 1024 Fig. 99 ZCh.

=

]
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Table 10 Calculated FAR value

Area no. Area PLL FAR
P1 No.4 Winch House 0.074035 39
P2 No.2 Vent House 0.009549 30
P3 General Store 1.521635 14
P4 HVAC Room 0.071717 19
P5 Air Comp. Room 1.343916 35

10%
Fig. 9 Calculated FAR value

2 HojM= mjoHicol| dEs F= HeEo| tdT B4
(sensitivity analysis)S S50 £ Y s

Hslel LHITE F1i5oz 2|

Bz el BIZ=S AobY| 9/510 Table 11, 122 20|

A 5
27| 5EoIA AIhE W, Y5t el By, Yt £t FAY
4] ES b

Table 11 Variable input change of drop area(4,)
and drop height(#,)

Initial Revised Reduction
Input ) ) )
input input ratio
Area(m?) 44.0 33.0 25%
Height(m) 56.7 51.7 9%

Table 12 Variable input change of structure
scantling(.s,)

Inout Stiff. Web Deck

P Depth Thickness | Thickness
Init. Input(mm) 150 9.0 9.0
Rev. Input(mm) 200 10.0 12.0

5.2 BIHT Ao e Zhadie At

Table 1324 Fig. 102} Zo| £7| A7fe] TSIE Chul,
B} BIEZ 54 Al o 22% 2, £0| B2 Al 0% 12/2 Ay
o

HE Al 2k 40%7F =]t

il

Table 13 Total failure frequencies per variable

Inout Initial Revised
P total failure freq. total failure freq.
Ay 4.13E-03 3.22E-03
H,; 4.13E-03 4.13E-03
S, 4.13E-03 2.49E-03
1.00E-02
—&—No variable change
3 8.00E-03
E 6.00E-03
2 4.00E-03 * + L 4
2 200008 .
0.00E+00

Ad Hd St

Variable

Fig. 10 Total failure frequency per variable

6.2 E

= ==0ME Feel Hotzel iy ot dollM 71&EL
Lot YoM BlojLt 7| = SAKIRE HIFSR o FFH 9
siAo] Tksshil =lHM TIs, A2l 2|1 okHeo] gk

X0l HAE g2 M2sicl o] M2 Hels 3 79 s Il 71 7| &0t Jbss =Ach st gE B AlEM
£ st A M2 J1ssh e LiollM Z2XS5Igct ARIE E3l0{ oo} 22 ZATE g £ UUch
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