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Abstract

This paper presents the results of the reliability analysis of PAU (Preliminary Assembly
Unit) seat of the Floating Production Storage and Off-loading Unit (FPSO). The main aim
of the analysis was to demonstrate that a sufficient safety of structural members is
guaranteed against PAU loads, internal and external pressure, and hull girder moments.
Topside loads for PAU design are based on owner’s request. According to the seat type,
topside loads are classified into maximum values of same seat type for design efficiency.
Totally, 26 loading cases for each mode! are used for this analysis with the combination of
the reactions of PAU loading and the hull girder bending moments according to LR
offshore [2]. The analysis results are evaluated according to the acceptance criteria for
yielding given in LR offshore and guidance note [3] and The panel buckling resistance is
verified by LR offshore and SDA [4]. For 900,000 bbls FPSO, the PAU support foundation
analysis using 3-D F.E. model is carried out to verify the structural adequacy of PAU
foundation and structure members in way of PAU. The modified- structures in way of PAU
support are safe against considered load cases and all stresses in way of PAU support are
within design criteria.
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Table 1 Classification of FE models for PAU

Model ID | Model extent Description S0l Type | Reference

Model 1 | Fr78~Fr82 | Tobe verified F3 seattype * - F3 Frame 80

Model 2 | Fr72~Fr78 | To be verified S2, F2, P seat type, 82,F2,P | Frame 74

812,82,
Model 3 Fr.61~Fr.68 | To be verified $12, S2, F13 lying near seats F13 Frame 65

Modet 4 Fr.56 ~ Fr.63 | To be verified S11, F11 seat type 811, F11 Frame 60

T fied S1 b )
Model5 | Fr52~ Fr.56 B:;e verified S13 seat type above Trans s13 Frame 54
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Table 2 Boundary condition for F.E. analysis
(Model 1)

Fig. 3 Seat arrangement and type
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Fig. 4 3-D finite element model (Model 1)

Degrae of froedom ©
Plane / Point Dx Dyj_rDz Re | Ry | R Remark |
Local Load & [ sufaceA" "8 " oo (o1 0 X Symmettic
ocat Loa vy :
Cargo Load Line *C~G 0 [0 k%] o[ o[ 0 | Supporiedbyspring
Point *I" o1 JoJo[olo -
Hulk-Gird Surtace A" Link RBE 2 Dependent points
iUl rder B
Load Surface "B [ HEREEREEERK Fix
Point “H" 1t o1 [0 point
1) 1=fx, 0=free
2) Surface Als linked to Independent Polnt H at neutral axis.
3) The stiffness k of spring elements are calculated as per SDA and Ihe applied grid point,
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Fig. 5 3-D finite element model (Model 2)

Table 3 Boundary condition for F.E. analysis
(Model 2)

Plane / Polnt B DL;‘ "5:'"’;:°’";y = Remerk
Surface "A” *B” 1 Q '] 0 1 1 X-Symmetric
Lg::g:g:: Line “C~G" 0 | 0 k3| 0| © | 0 | Supportedby spring
Point 1" 0 1 [ 0 0 [ -
Surface "A* Link RBE 2 Dependent polnts
Fulk Sirder Surface "B [ K R Fix
Point *H" {1 [ 1 o1 o[ 1] independent point
1) 1=Mix, 0=tree
2) Surface A is linked to Independent Point H at neutral axis.
3) The stiffness k of spring elements are calculated as per SDA and the applied grid polnt.
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Fig. 6 3-D finite element model (Model 3)
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Table 4 Boundary condition for F.E. analysis
(Model 3)

Degses of freedom 1
Plane / Point FoToy oz ] A | Ry e Remark
Surface "A” 'E" 1] 0o o[ 11 X-Symmefric
Local Load & Line "C~G” >
Cargo Load Line ‘GG o | 0 {k»| 0| 0| o | Supporedbysping
Poirt " 0 [1]0a]uo]c|o -
Surface "A” Link RBE 2 Dependent points
b
RukSider | Sutace 5" [ N Fix
[ Point “H" 11 o[ 1To]1 indspendent point
1) 1=Mly, O=free
2) Surface Als linked to Independent Point H at neutral axis.
3) The stiffness k of spring elements are calcutated as per and the applied grid polnt.
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Fig. 7 3-D finite element model (Model 4)

Table 5 Boundary condition for F.E. analysis
(Model 4)

3) The stiffness k of spring elements are calcutated as per SDA and the applled grid polnt.
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Fig. 8 3-D finite element model (Model 5)
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Table 6 Boundary condition for F.E. analysis
(Model 5)

Plane / Polnt 5 DD; oot ""“’";y . Remark
Suface ‘A" 5" 1 oo o1 X-Symmelric
"g:r’g';-t‘;:f Line “C~G" 9 | 0 | k9| 0 | 0 | 0 | Supported by spring
Polnt “I" [HENEEERENE -
Surface "A” Link RBE ® Dependent points
N EEERE Fix

FlulrGider Suface 8" | 1 T1
[ Point “H” RN ENERENENER
1) 1=fix, 0=free
2) Surface A s lInked fo Independent Point H at neutrai axis.

3) The stiffess k of spring elements are calculated as psr SDA and the applied grid point.
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- Wave load

- External hydrostatic load

- Internal cargo load

- Internal ballast load

- PAU loads

- Hull girder moment

4.1 Wave load
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he = 48107 L™ m forL<227m

fy = 3845m tori 227 m

Fig. 9 Wave pressure

4.2 External hydrostatic and internal loads
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Fig. 10 Ballast condition

Fig. 11 Full cargo condition

4.3 PAU loads
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4.4 Hull girder moment ‘
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water bending moment 2+2 X E310 Operation/
Serviceability condition 3 Survival condition
Still water bending moment 2 Wave bending
moment & 20| 11248HCt

4.5 Loading Combination
26 02l load cases E Table 7 @ &0 E&
2+ SHEEE Static, Serviceability/ope(ation
1 Survival condition @2 FELN 20 T
PAU loads 2t Hull girder moments & & &3at
Cargo loading condition 0l 2l Hogging 2t

Sagging condition € &t HEZIALH PAU
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Table 7 Loading cases for model 1

Cargo Loaded PAU Topside L oad
Load Cases |  Luad Congition 9o L Hull Girder® opside L gadin
condition Fx Fy Fz
Mi-LC1 sutic Ballast Hogging - - | Minus
M1-LC2 Cargo Sagging - - Minus
M1-LC3 Minus | Minus | Minus
M1-LC4 Minus | Plus | Minus
Ballast Hogging —1
MI-LCS Plus Minus | Minus
M1-LCS Serviceability / Plus | Plus | Minus
Mi-LCT Operation Minus | Minus | Minus
M1-LCB Minus Plus Minus
Carga Sagging 4+
M1-LCa Plus_| Minus | Minus
Mi-LC10 Plus | Plus | Minus
MI-LCTS Minus | Minus | Minus
Mi-LC12 Gatast A Minus | Plus | Minus
Mi-LC13 oane Plus | Minus | Minus
M1-LC14 Plus Plus Minus
M1-LC15 Minus | Minus | Minus
MI-LC1E Cargo Saqgin Minus | Plus | Minus
Mi-LC17 ¢ 9sing Plus | Minus | Minus
M1-LC18 Plus Plus Minus
Survival -
Mi-LC19 Minus | Minus Plus
MI-LC10 Ballast Hoggin Minus | Plus Plus
MI-LC21 gging Pus | Minus | Plus
M1-LC22 Plus Plus Plus
M1-LC23 Minus | Minus | Plus
M1-LC24 —_ Sanain Minus | Plus | Plus
M1-LC25 ¢ 93n9 Plus_| Minus | Plus
M1-LC26 Plus | Plus | Plus
Table 8 Allowable stress
Type of Static Serviceabilty / Operation Survival
stress Mia | HT32 | HT36 | Mid | HT32 | HT3s | Mid | KT32 | HT6
164 220 248 2112 283 31 35 55
| Vo tses [ = | [ oo | o6 § oo | w5 [ o
(1.43) 9 .10 REE]
Normal 141 189 | 213 188 | 252 | 284 | 235 | 315 | 355 ‘1
Stress (167" (1.25) REE
o | 12 | 124 [ 166 | 196 | 183 | 206
Shear
{2.500 1 [RE: R (1"
1) Safety factors to be defined in LR offshore rules.
2) Stress concentration areas are to be evaluated as follows;
(i) For serviceability / operation, safety factor = 1.0
(ii) For survival, (Refer MOM with LR dated 7-8 July 2004)
1. Average element stress (over 3 adjunct element) < material yield
2. Hopspol stress < 1.05 X material yield

< 1.20 X average element stress
whichever s higher. J

Table 9 Safety factor for buckling

Type of stress Static Serviceabilty / Operation Survivel 1
Sefety factor for Compress and Shear | 43 a6 Lo W
Sefety factor for Br.axial ¥
(Only considered integration area) 167 125 10

1) Safety factors 10 be definedin LR offshore rules

2) The critical buckling stress of plate panals as derved from LR offshore fuls (Ptd ChS Sec3) is to satisty the
following  Oc O Ogms = Fsc Oa, Te O Ters = Fes T

3) Stattc cases ars only considared combined bucking in accordance with LR ShipRight SDA guide

4) Refer MOM with LR dated 7-0 July 2004

loads = 2t &2 U0
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5. Acceptable criteria

LR offshore “ Rules and Regulations for the
Classification of a Floating Offshore Installation
at a Fixed Location, Sept.2000" (210N FE 5t
= oI838Xt H2AEX= Table 8, 9 2+ 2Lk
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Model 1 2 Survival condition GiA2l Von-
Mises stresses £ 2t Seat 0 oA HEXLZ
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Table 10 Von—-Mises stress results

Load Condition Model 1 Moda| 2 Model 3 Modal4 Modst 5
Maximum 141 165 118 108 835
Fr76 Frod
Center Fr59 Fr53
Static Location Center Canter
PAUSeat | La el | pAUSest | YWeb Frame | Web Frame
Allowable 248 248 248 184 164
Maxamum 262 257 221 190 150
Fr 76 Frea Center
Center Center
Serviceability / Oparation Location PAU Seat Cantor Center Line PAL Saat

PAUSsat | PAU Seat Elevation

Alowable 2313 319 318 283 318

Maximum 344 314 277 243 189
Frd Fre4
Center Side Longi Center
Suravel Location Port Center
PAUSSal | oalSear | PAUSear | EHD(Port) | PAUSeat
Aliowable 355 355 355 315 355

* Note: In this table, maximum von-mises shesses in way of PAU seat except pipe rack (already evaluated the previous
report] In Model 2 are summarized

MSCFonan 2003 13-40k041727 08
Fringaad1 LCH, Stass Tonson. van tises, 2423

PAU support structure in way of ot o
PAU A in Survival condition. Max 72 GEM2305
o 0 @Eun 22765 1

Fig. 12 Von—Mises stress of PAU seat (Port side)
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MGCPayan 2003 11k
Fringe M1, LC11, Stress Te

PAU support structure in way of vt fringe
PAU B in Survival candition. n»w’a&mms:.n
i

Fig. 13 Von—-Mises stress of PAU seat (Center)
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PAU support structure in way of dotout Froge
PAU € in Survival condition. et GEinzerses

Fig. 14 Von-Mises stress of PAU seat (Stbd
side)
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