IIHEETIAL

®
g4 4d

LM E

AF FAAE AEAGY HA s 19479 w5 94
R A o} 220} HA) (Steel) 17 4] “d v] (Fixed platforms)
Aoz AsolA Y 284 4] (Floating units)7}7) oF
A719 FGALE 7EA T Aok F2EA B A, ol T
FFHE = gAY OB T2 ET FASHA 27)de F=
7}%-3} 2 (Punctional loads ; dead or live loads, etc.) -7 3}

%

[

Fig. 1 78 &¢ FPSO
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'  AT 2 BE ISTFREL #X3 2% B
~ Evaluation for Structural Safety of Offshore Structures &
under Accidental Loads .

29 YA

BILHET O MEIGH YOI TL SHYMY AL MY RE
SN EF LY HAMYEE Y FEIIELAR FE
FHNEEY MEleHY 7L A7EE

Z(Environmental loads ; wave, current, wind, earthquake, etc.)
& nFste] AAHGeY, AR 714 B o Azt
Z(Accidental loads; explosion, fire, collision, dropped objects,
et0)o] =29 T, ol 3tF A T2 AL o
3 #A ER F7HsHA =Y
A A E 1 5 oF 1609 Y HEFHBFAE 3

8 gtoo, 1z ot FRE U EFAY A 874
& AEHEE T AAHHE FFFUT & 714
HE o5 $ 3 A8 Mgl det dx7t F73t2 Y
FPSO(Floating Production, Storage and Offloading Units, Fig.
1 #2)8 A2 Bol 2%, 34, 35, It § ALek53
B 72 AA4 Gl da, 85 Aue, 448,
ZEHAY, AV E, AAd vAe 9% 5 A4
Ptk o, & ZJab A AgE dAsHFol F717
Ao} 2 dEA weh FAAHA HE2 Aol
FoE 29t

U oshga 22 oRege 3¢ A o
£ dut A4l o] o4 4 (Stability) B 7te} 27 E
g, 9 HaAEd daixe A22E 37 9
A Aste o, o tase & 71AeA

&

ek N oo o
flo © N

¥

o
2 g
o o

b

SLore o 2
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roK
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2. Atnst=s1 FPSO QXM E (Accidental
Loads and Safety of FPSO)

FPSOQ} 2 R4 Hulg o83 A3 Mg
FI7bES SR, A L ARE Y AR FHRE
(Topslde process modules)® A%, 3t & 93 545 B
A (Hull floating structures)2 T4 ¥ FPSO #ut ofy g},
”]LQ

3 A AJAFA| A (Subsea production System) I A H
(Offshore loading terminal)@ A s} L& HT}, H&
AU} A FMooring) Ao 93} A2 o Hﬂ%ﬂ%
3, 3| A AYAA A" FPSO: UFR(Umbilical, Flow line
and Riser)o] o8} AZEo] 44 4, LYHY, FA/2S5
£ A 9o

Yt ALY 0 AL £482Y 8" 19 949
HAE AASY 718, hA, B £ dYsAY, B
I 7h2E AErtdste] Aol A ol Y = (njection) 7 o]t
B SALERE B, ZAA, AR AESE Y3 A
0] 2 (Chemicals) §& 443171 98] 234 (Supply boats),
¥ 7 (Methanol tankers and Off-take tankers), e EH SL
&%

A9 7tE Hul # 7He EAA FPSO: tgi ¢e o
¥ ¥ 2 a(Hazards)o] k&5 of 9let.

1.

l‘l

=1

- Hydrocarbon events: 54 2 Eoji} 2}o] 2 (Riser)of A}
7FA71 5 9] -2 (Leaks)E Q13 3RY/E

- Non-hydrocarbon events: Au}9] 2Eo|u ZFE9
3 5

- External environmental events: 3} =1} g & 9] X514
of 9%t Atz

- Structural events: Bl ¥, HZ g X o sh&oju FelFH
9 & 5 349 —45} z &4

- Transportatlon accidents: E219} 2H4A 59 4 Fof
FHbE = AL

Ao A8 62 U 228
53 29, 34, 35,
Fotuol, o714 %@ **%Mﬂ*u ATE Qs sFEozA
I A7 A R=E 983 A4sy] A5 getba,
fek ZL A nsF EH"HHL 94, B8 &4 A=
(Consequence) ¥ A Hl % (Frequency)S A #A 02 uhot
3} 9 (QRA ; Quantitative Risk Assessment), 237} Q13
A e +ERisk leve)S HEst A FAgtozA 1 9

A (afet) S HRAA HLh woF wEAA g A3

0T

+ Hroh(Mitigation measures)S 7 73}
A4S FAse BAL wEe fra

-4
N
e
S
wa
o3t
H1
o
N
rir

SA 3 7192 A (Li-mit state
based design) & A}IL8HA A E](ALS; Accidental limit state)
A7 ol wak FrisiA f? dA dpgor woty
A= AAA LS (Design accidental loads)?] &2
10%/year2] % 3+ 35 (Frequency of exceedance)E 7FA
v atgoZ JoHu, A¥E F7t 52 T AANE &%
Ao daf 2A4MES 049.0};4 %9 SCE(Safety
Critical Elements)d] 7]%& 4 6]-—/ Zo] $AE
(Total collapse) = A| %<& 2742 W }Ei AASA "o
getd, FrfAHeEs 27|14 l ANA Y o] 23]
Al (Simplified analytical method ; simple formulae, industrial
codes or standards, etc.) 3t g0, 5}£9 =& a7, Lx
Age BAY 2A4AE 94 A AY 3 (Progressive collapse)
A% 2o ns & 9= B AY $32 4§ 4 (Dynamic
nonlinear finite element analysis)o] 32 #t}.

3. 7}A Z4t (Gas Explosion)

FPSO| A €] 7t2 E
haH hash Aad
of o8 AzstHA L
e dA4oR AoHY, o

H2 REALE YHE tE EE

913} 2 ¢l (Ignition Tesources)
%7 Yol 3a% AR
VA £%2 4 4 s,

2
&
=

go ole

JHq

1k (External explosion): ¥4 &9 &77} 71%
B42 S Bun Bol %A FA4 AL
WA FoAMY 7tA 22 dF A
Y Z 9 (Tunnel explosion): 0| A A &5 7147}
AZRas 25 F4T Abolo] R F o] Ay
U} = Z dk(Internal explosion): 34 &9 ¢ 2 7] (Pressure
vessels), H| ¥ (Piping), 2% &(Rooms) E& A 9 &
B3 ol Wl FrHA LA,

o LI 1~ R _\'2

FPSO9| Zwrsjde 4% 2E9 TR, Wahu
(Fire/Blast wall), A3 7%, AFF 4, Wi, 8
9 I AA Fxo b £2 #F6in &, J3,
HEE SHAA 12Y GAEE FrHEd

o
1R

H

‘?’]’

29

3.1 2% Auge 9 usF

Z A1ha) 99 24& HAZOP(Hazard and Operability)
T3 22 94 4 (Risk analysis)S T3 o] FojAH,
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=S

Zuro] WAY 7540 Y& 4 Tl (Process segments)
9 72 9 1 %) 2189 FF@ventory)? 13,
& 45 9 WY, uEy 4= 2 A7, w3 299 33
2 94 wes Aok

A4E 2% e ed) BE 2U5 3 Ade Jug
02 off9 gyez 7F £ o

- 78 &3 29 (Empirical models): A3 zzoto Aa
BA ZAT RN, A4 271 DAA 24
A9 Ae5e P 22 AL

#7432 o9 (Phenomenological models): A% A= 9
Heo 2d% @40 IAs FYed nug 3

0 BRNAT JRES £ FUOEA, AT
Bol £25E SAHHE Yo ¥4 AEHE 3
o 9.

- A 42 2d(Numerical models); Z4 A9} §4 5
953 ¥A-& CFD(Computational Fluid Dynamics)E
ojg3te] Y AAste HPO2A, A7to] 7H3 Fol
28 5A% M BREst 51 S 2 Ay e
9] A7} 74

< A FRE T 2w F A JREL CFD
of o ¢y, 2N A FAZA F2H 7AA
e 389 27 9G4S A4S 49 wAaA
(Ventilation analysis)} 7} Al 3] 4 (Dispersion analysis) =

o E Bosdsct |
L) BE
* T
n ’v,.‘: 2
L L 4 AN

¥ (] &

E = = " E B E E

Fig. 2 243150 28t FPSO Topsided]| A2l
Overpressure £ (0]))
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LE+00

1601

1E02 \

1.E-03

1E-04

1E-05

~—
I

0 1 2 3 4 5 6
Overpressure {bar)

cumulative frequency {/year)

1.E-06

s PRI ,_..,:f

1E-07

Fig. 3 Overpressure exceedance curve {(0f)

c35tA 2ok FEaE A7l A dFd F= 7
29 FF, 7tA 359 2719 94, E3LY 9A 54
8ol Au)9 YA % (Congestion), U7 = (Confinement) =
A FFE vAERE, o, B & H4 29 =
3o o) & A &s| FHBoof §t}. Fig. 29 CFDE °| &%
Zdej o A& veglct
-?49} Zol Zh Ajvteledg A" el dEo(E
£4 ; Consequence analysis), Ht&, & ¥ W3t djd
TG ES nYsto 4 Auzed SRS ES ALt
EXN (M =& 4 ; Frequency analysis), oj&& L& HFH
QU B A5 9, 0% B 72 AHHE ¥
7hefjoF & 8 A1}e] 2 (Critical scenario)E 24 3A o}
A 7| £ 3l F(Design explosion load)?] 23 F& Fig
39} Zo] F e (Overpressure)o] Ut 52 & (Impulse)E ¢
2T ERE FH3 Exceedance curved ZHAJ sk}
g & 9.

3.2 ZTAFE P4

0 et52 3 Y ¥ (Peak load, Puw), A4 A ZH(Duration,
t), 57HA 7H(Rise time, t)9] F3 35 SEANE FEHY
(Table 1 z), F2E 3t5o] ALEHE P4 o gt of
#op Zo] FRHALD.

- Overpressure: 4 7}29] Ppoz 93 F43 =1
&8 S7h 3, gu Fo FE-

- Dynamic pressure(Drag load): Z4 7}A9 &% (Blast
wave)o] & &% AT F2 AT I EA A 2§

TF k5o A7 723 AL TL ASALWF T+
2g€9 14AFF7I(MY Hl9| w2t Impulsive, Dynamic,



FNIOIEE e YITAZY) % QN )

P 4)
Table 1 BY3E0 o3t 7x3Y 25"
Impulsive Dynamic Quasi-static
14/T¢0.3 03¢/T(3.0 ta/T)3.0
Peak load Preserving the exact peak value is not | Preserving peak value - the response is sensitive to increase or decreases in peak
critical, load for a smooth pressure pulse,
Preserve load duration since in this range
Duration Preserving the exact load duration is |it is close to the natural period of the | Not important if response is elastic, but
not critical, structure, Even slight changes may affect |is critical when response is plastic,
response,
Impulse Accurate representation of impulse is| Accurate representation of impulse is|Accurate representation of impulse is not
P critical, important, important,
Rise time Preserving rise time is not important, | Preserving rise time is important; ignoring it can significantly affect response,

Idealized pressure
time history

Pmax

ty
General shape of idealized load is a
right-angle triangle.

General shape of idealized load is a triangle.

Analysis method

Energy method

SDOF, NLFEA

l Static, Energy method

Quasi-static® 2 1} % 90w, 0|9 B8 I 7 E4H ¢
AY4H FAEE Table 19] Be)eke e,

ERAEY T2A4EE Briete WS SDOFY (Single
Degree of Freedom Method)3} ¥) A1 % 5319 4 3 4] ¥ (NLFEA;
Nonlinear Finite Element Analysis)©. & A & £ i),

3.2.1 SDOFY]

SDOFY & =&

FAA A FHSEE 571

A 2D o2 ABtoiFEig 4 H2) BT R

4 2o A4 I8 43T 78 4 O

% 24990 fatel 2E H8 A%t gy Ay

AA Ee 27|44 SANA ol &85 n

At

$3 474982 DLFE(Dynamic Load Facto)E % ¢ 3}
71 AAAAGHE R XNEFOEN HHHHo2 H

o8

Fig. 4 SDOF Method

g 45 on, B BHVEE Holuh BT 44

T3 849 45 4 4L 279 g

QoS4 Y4t mAe JUT BHE 2499 AAY A
A9 ote mE, @Y 94 5¢ E0 98 2AY 4
ool Ao HEE £ 4 Aou HHY HES F7AT
o712 94 A3 48R A4F B o2, 22
240 dg ABAY Sol dAse HAY s £3
9 379 A%o] A oo} B},

NLFEAS[ A 814 ZTo] 438 wAL & shte A%
L oBs ouo B 7202A 22 B WS Failue
smaimo] AHEHTH e WHEL A4 4 ¥R F
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NLETAL

L
ﬂ-l_u -lﬂ.]
2
)
2
<k
_V,L
(W]
S
|d
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f%
[%7]
O
1o

‘%‘
& Hasteof i, l A A Y Bﬂﬁ S %‘7}
@48 mdi) g7 SDOFY & AH&ste 2ol Hdsit.

4. 3tx (Fire)

Fig. 5 ZL350f o8t FPSO 7#F7 oleo] 83 22 (o) sajo] gt AutAd AA/RY dAE FEH FAs)
22 34 Axd dejAe 2L 2 A g Ve

F Aol 44 BAHIL, 9o 7led a4d aride 4 gy
WS 7HA, AR $E-HFE BA g8 A2A " FPSOO) A 9] 1A Zuby} ), 7tA7l 2 B2 24

1

A4 dAae &4 As 2wy Bio IFE UWE (FHAA FEo| FAH Ao Satsti: AL WA,
=

Az 299 43 Adt A4 AZABE B $99Y  guuos oo £ EEe U,
E AEE ol gAY, Ay =Y § HAs o4
g 2de A48th? AR mgoA 2rxoz 19y - Jet fire: 198 7EA7F ¥3EA S 2 T (Momen-tum) A
% Qe AAE ARY 45 & H(Hardening effect) I H axog BzE u 24,
& &% S7(Strain rate effect)o]of. - Pool fire: =28 7|§0] 4% 9o Qo5 A
Fig. S FPSO A%79 A7 olulo] Z¥sizo| A4a dag o w4,
FE W AgE vAdZFTeLg o Hohg ool
shA) Ao i Eda Fdsty, g F2EY &
3.3 A vl ¢ 4% T 379 3o wE AR Asket dg/Enige
Ae nste F2ZEE HrisA " AR ExAS
Zdk Ao d# 8 A% 7] F(Performance standards) gt =3} ] 238 7% PFP(Passive Fire Protection materials) 5
T& 934 7] F(Safety acceptance criteria)2, A} 3 A o] Bz} wrobe T3 4 gluh(Fig. 6 TR).
o= 31149 of | 2 (Escape route) E= FH Y A i
(TR; Temporary Refuge)7} o] & 7h53fofof &1, ¢Hl 49 41 34 UL 2 3433

o2 o A e Azte] FEE oo} gt} £8 SCE

22 1 71%& FAGL glojof s, 2 £ 44 A AuEles U FdeA tAEY FE9
HYL 3 &t F2E0] $H3 FHstA s gobok & Zldstng 2 Auged 4 4R ey, HF
o EW, YEUY AS Y o FY BAE A8 4 9 AHY AUeE Y FF(et fire or Pool fire), WA
ojof e}, 9% 9 389 ¥A(Engulfed fire or Non-engulfed fire), I

o] A% F24 FAAYE FAS] AT gL AA %= (Open fire or Confined fire)o] T2} =7t
HOog TS WEAY, HAH 12 BAY 7 B A4E E0 vl oo BE FASGETY AL GA &
FAg wtAsE Aojth o FA BusFe Yare g 29 Ao FUSA APEY Zdoly 4 2,
GFEL GHE AA 27 dAAY Hgo] Lottt &, "F-x]aﬁéili mdo) 2A5H, HToe FUshy 3+
ey 9HEE WEL @4 S w9 7t 789 A7 Zo] CFDO| oJgt 284 Aol go] +HH L 9o

g Zol7] 9% A4 X (Process layouy] H s} FAs L cRrE Aol FYHFL dPo LY
F2 B, EFEE a0 WAL AAAA BA  $E9E 9%9 A7E Uehil 944 MHeat Fuo ®
JAL e PET P2 RAY 27k w7} EH 23 2w BAHU, NEHY Ads 2] 2NABTAL A
7299 7H S0 Qla WAk A wAo) Ak FOEM, 4A A 35 Design fire loadd A A He.
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Ao S B YRR B oy B

4.2 FAYZE JH4Y

gAsZ A% 72 YL
29 2% RIS 7O z
e 450l B2 T2 42 24 % = A
sof ME 93 Bt AWYY T 13

(b) 3}1}15}?‘%1 A% 24P E

He
et

Fpo| XL o

43 GAE BANE 2 9%

S Azol g Fo AHHEIIES 2L AR o
B 2T SUsA F2H FAAL SAT 5 9k AL
Ex Aol dud 4 o ALY Bus AY Fa
% W7k $EY 2 Aole BANA ABE PRRE 7 )

FPSO= 44 8H°%‘ F4& gAY EHALAY 5
< o8 dIete A9y FE A AFA BHE
AAste 38 AU E AR, old 83EHE ¢A
Mol BE L E AAstoob gheh, &, FPSOY| ANAOR
ALste RgAolt #AGY FER ¥ 724 &40
U 94 #E2o BAE A FET 70“«‘?'5 FAES
23 2|7} o] Fof Aok stel, WA B HA oFef A

ol~)~

O

AHe 4% 2HEA (Moormgs Risers, Calssons 5) 9
o= = 2 ol & (Protective Structures)7} A X Hrt.

ojgdt 724 AAE HddMe FE AN FE A5
Uz E458) 37t 2 5 $Y IRAEY FEE A9
54 Aol dd F27E B9 ofFojAok g

51 28 Avge 9 35 AvA

Z2E AUy ey A4L A 7t 55 AL FAA
AAY 1Y 2EATY 27 9 1 A0 WA FES
ROt ACRA, A FEALY FAXE 2 HYA
BHE 23 24800 o2 Ry A A FE 4
Fo Aol 243 27 4 48 #A4E 9 45 ¥
orel AAol 7t st

FPSOO] di3t Ae F&59 482 55 Ao FRE
A, @) 2 38 A dAY FYAY FF(Powered or
Driftng)® TE& £ Slth.

7t7bol 2% Sgof o8 2EAT Z 7 (Consequences of
collisions)&= 5‘% Aukol 2 oy 2 FE &k 94
AR 9§ M?ﬂ% FE Z‘W" %%"ﬂﬂzl 131 %

paR=4

% &TL E.a_’-l
arrival or Maneuvering)ol whet %‘E}%‘lﬁk Z2E
opg o} 7ol AHAHT

of ‘4 7‘} (E)T:

E:%(MS +dM)-V?

] (Joules)
:E(MS +C, M) V?

HATERE H23E Has(e00, 5 39




THST AL

71M, Mse & A9 Wi kg), dMse M o)
o RHAFA S CY g2 gutdor & AdY 4%
=& (Sideway collision)A] o] 0.4, /A0 =E(Bow/Stern
collision) A of 0.1 HE3c} Ve &% (mjsec)olth.

2719 & AL g3 $& UEREA 0] o]Fo
AY, 449 Augert vz: A7 g8, &3 9%, +
23 &4 59 M4z whE A 93l (Ranking accidental

events), &% % HILE B FE YY= FH7t st
o} 121 FPSOY +x A 8‘1’97—1‘@"30%%%-’?
8 AN} 2 (Critical events)S ZA 511, olo) g +F <&

AN WIS AN

' JUA 4 FE =99
Aol 9¥< nAE dAEE F
AR 24, &4, F ANS A

F8 Ayged o A EA 52485 Design
¥ A net g3l £ gon, di
H 4l 7t (Codes, Standards F)ol A= AAY WEE &
THE T 4% 2 FE A4 o 2% 34 9

UA Sz AL Yot

impact energy)<

52 2% 9% 9 44

FE gt 984 f4e dFHer JRAFHA
(External mechanics)® U] .4 % 8] A (Internal mechanics) 2.
g FEH $y5o Yt JRAZHHL 5 2E
A EFdA E4FE A H, olg WRAFHA
T 2o FLAUAFTL vt 35 5 B
A #d.

HAZoe vdE FPasdde B F ATS FA9

FE H4 %A (Coupled external and internal mechanics)o]
ofFAAL Yt

5.2.1 RIS A

ARAFHHL 342 Al Feot HAT
A2 £2 380 A3 AL 44 $58 R A
459 Yozt Mas} 298, 4499, 3
3|

O

(External Mechanics)

5.2.2 B HESHA (Internal Mechanics)
| £8 249 A5 W EA5te] iy
& putstt. WEAFHE L2 ofd A
A SHS AASA Hvj, ©& 3 A (Simple
formulae), T4 ©| 2 3} 4] (Simplified analytical method), &%

o{v

40 MMTEZS H23E H3E(2010. 5)

g8 48} 4] (Simplified FEM), 1] 4 % & .8 4 3} 4] (Non-linear
FEM) 59 WHoz »3% & U

geFAd A4F H4S JEH ARG o] A4S v
oa k

s AR E4FT A Fead dA A% A
AHA 35 4% Brhste A22A 44 27] 9A9
Ay F5 w8 Adsted F8sit
gEolga A e dAA A F4 A5 deol A
Aol 12 Ao &4 AFE oEH FTHI A 2H
stof, ndgat sjA 9 P& FA LT O b A

3 gjayolth. £ASE REEE AEE Fx 2A &4
¥ & 2 =Membrane Stretching, Crushing, Cutting or Tearing,
Folding, Rupture and Fracture 50| 1o, d¥txos 3
350 23t Membrane Force7} | 2| Fo 7H 2 7]

L
ot

Y408 Al e ojEY Y FEM 7[HE A
Lo Ah-§ -3t ol

o $5 4%S ANso, 4HoE 2 a4
2dg gt

MARSTHaARNS A2 Y ol AFHE WO
2,299 0 44 A7E A% ol 2a5Y 44 3F
ASS A4 A8 BT 4 gov 22 494 7Y
A4 ANE ZR2BE 4SBT ol B AT 4
W 32248 Fadhgth Fig 7S HAY SEaHY
of o% Bids TR F5 A WYE dF no
21 gt

5.3 AWE B2 4 9%

3E 459 47te 55 #4 AR=HFH 7T FPSO9
4 i 4%, F2 EAFEY 4, A4 2R
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6. |3t M3 S=

Object)

(Dropped or Swung

3
=

N
o
\l
~
_\;
o?i

O
W
ON
©
ofN
ﬂJ}ﬁ

6.1 S3H/A3 AU, FE YA, FE HHY
y3tel A3lo 93 352 LDA(Laydown Area) £ o1
AAE F 39AE o] &3t Aoy Fu &
Ao LDAZ $51E iy}, LDAAN Z12 utd d,
a3 FeFE AEF) A LDAR &utE o 32 WA
ok £, 3o|2E, EEY, 2y d, AAR} 5& ol
tof 4% EE LW AY E8 o e Y(Flare tower) 5

o 47 o= WA B

de3EUAE AN Boft 2AY A543
A GAAYAR A4sE, BAHY A FEAUAE
240~600k] % & oj T}

N3350 BT 4 ok Ak Yoz A% F
HHoE ¥ A9, BAS $402 29T WY o 24
L ASolt. adA

b wtgel 93 A2 EEEe 78‘%01
&5 9 g £ 195 e JAFEUAE Atst
o, A 2A FEAIAE 25~45kJZ*E°lE}

AA F& AuA de sdY F2d42 Y5
ofo] hF #AHE FE A4 H%3. Fig. 82 HH oY
7t LDAY| F&8te Aol Wt iy 2349 dojo.

NE o w7 28

15

A4
o 2y AFFY e FE Y lﬂr°i 1""“5101 A
D2 HA 27 A4S B F= Fo] BRI E
A3FES EANEY g2 28 A A F
HAE AT AAFE A £ F2AH.

pul

<k

X3
23

6.2 B

2, 34, 35, 93 5o 4% Ank Hu AR A
% AAHDE T2HAA B B W AL oo
B 714¢ FRea B B4 290 Hg ot 2
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A, dAsHgol GHE B FHHA g2 3
Ay EER ) wheh Fgd x|zt e, A4 27 °l°ﬂ
A 2RE S TAE oFA ¥ AAs Aol A gt
A, AASE 4 FH8E71EY 2A% He 4EERE
Z% FAEA N (Safety concept)d] HRA QA o=
¥4 554U dA7 dasid

U
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