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Abstract

In this study an adequate type of offshore structure at the Sakhalin region as cold
region 1s proposed and its structural design results are presented based on the reliability
analysis. Structural safety assessment has been carmed out for the proposed offshore
structure at the Sakhalin area as designed by the reliability method. And a rational design
procedure is presented based on the reliability analysis.

Followings are drawn through the present study :

- Four colum TLP structure is proposed as an adequate offshore structure type at the
cold region like the Sakhalin region and the reliability-based structural design results
are presented. It is seen that the proposed type is a more adequate and economic than
the fixed type.

- Safety assessment of the proposed structure applying the extended incremental load
method 1s performed.

- Referring the allowable safety level for offshore structures it has been found that the
present TLP structure has sufficient structural safety at the system level as well as
at the component level.
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Table 2 Principal Characteristics of the Present

TLP
Water Depth 11200 m }
Distance between Column Centre S 460 m i
Height  keel to bottom of deck 1360 m
main deck to weather deck 75 m
Design Draft 2200 m at LAT.
Column no. of columns 4
diameter of column C 1146 m
Pontoon height x width 169 x 516 m
corner radius 15 m
Weight TLP structural weight @ 9, 588 tons
tendon weight © 246 tons
Initial Tension riser © 528 tons
tendon at LAT. 23, 175 tons
Displacement at LAT. 13, 337 tons
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Table 4 Design Results of Principal Structural Members
structural member scantling (mm)
above WL @ no. of stringers =40
thickness of shell = 16.0
stringers = 200 x 11.0 + 150 x 150 (T)
ring frame space = 1, 800
. ring frame = 340 x 18.0 + 180 x 20.0 (T)
Column B )
below WL : no. of stringers = 40
thickness of shell = 20.0
stringers =240 x 120 + 150 x 150 (T)
ring frame space =1, 800 .
L ring frame - 420 x 200 + 200 x 24.0 (T) |
dme — —— {
| bottom . plate thickness =240 g
i ‘ trans. frame space = 700.0 "
longitudinal = 340 x 120 + 120 x 20.0 (T) ‘
side shell : plate thickness = 22.0
Pontoon trans. frame space = 700.0
longitudinal =320 x 11.5 + 120 x 200 (T)
deck : plate thickness = 200
trans. frame space = 700.0
longitudinal

= 300 x

120 x 20.0 (T)
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Table 4 Uncertaintv Modelling for Reliability Analysis
variable mean COoVv \i distribution type
f strength modelling parameter 1.0 0.12 \I log -normal
load vanat?le design load value 0.10 normal
- static component |
© - quasi-static component design load value 0.20 log~normal ?
1 - dynamic component design load value 0.25 } log:normal

. correlation coefficient, r

0.0 between the c

\
{ - for strength variables
’ - for load variables

1.0 between the components in the same member

omponents in the different member

= 0.0 between all load variables
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Table 5 Identified Important Failure Modes for
g =0

e

mode no. failed components B [Pl

- —

Mode-1 148 46 45-61-53-37-3-64-36 | 542 [0.208 x 10 ']

Mode-2 | 4846~ 45-61-53- 37-3-64-11 | 543 (0282 x 10 )

Mode-3 | 48-46-45-61-33 37-3-64-191 561 [0.101 x 10 1}

' Mode-4 | 48-16-45-61-53-37-3-64-22 | 563 [0.904 x 10”]

ibounds of 3sys and (Ppsys :
Bs\'\l()\uer and BS\'(,UMH = bh42 and 5_44 _
(Posvsapper and (Polsysiower = 0298 x 10 and 0.267 x 10

Table 6 Identified Important Failure Modes for

o - 45
mode no. failed components B [(Poynd
Mode-1 | 40-48-37-38-61-45-53-56-3 | 571 [0566 x 10

Mode-2 | 40-48-37-38-61-45-53-56-46 | 5.73 [0.504 x 10

Mode-3 | 40-48-37-38-61-45-53-56-19 | 5.9 [0.127 x 107

Mode-4 | 40-48-37-38-61-45-53-56-54 | 601 [0.981 x 10°7)

bounds of bsys and (Posys :
/3 sysower and /3 SVRUpper =571 and 5D
(Possuper and (Posysiowes = 0566 x 10° and 0.48 x 10°

L

ol gk FrAA 4

Table 7 Identified Important Failure Modes for
6 =

mode no. failed components Bran [(Pohas]

Mode-1 | 64-6]-62-37-53-19-45-30-56 553|553 [0.161 x 10 ]

Mode-2 | 64-61-62-37-53-19-45-30-40 554|554 [0152 x 107)

Mode-3 | 64-61-62-37-53-19-45-30-48 572|572 [053 x 10"

Mode4 - 64-61-62-37-53-19-45-30-27 575|375 [0.448 x 10 iy

bounds of Bg and (Poys
/95\ sloer and BS}SUHL‘T = 55’3 and 556
(Pdysonper and (Psccioner = 0,161 x 107 and 0135 x 10

Table 8 Summary of System Reliability Analysis
of TLP Structure Model

0 Bsyslower Bsys,upper i average Ssys
[(Pt)x'\\uurr] [(I‘)t).\\s.](mer] I [averagc (P1>\\<]
L s 544 543 i
i (0298 x 1071 [0267 x 101 | [0.2%3 x 10 7]
e i ; e —
_ 571 | 5.7 2.73 |
4H & % = m
[0566 x 1077 | [0448 x 107} | [0507 x 107] !
(0161 x 107/ 10135 x 107 [0.148 x 1071 |

Total Average of Ssys = 553
(Pdys = 0161 x 107

Table 9 Reliability Index and Probability of
Failure of First Failed Component

] B & [Pf of first failed component
0 310 [0968 x 107
45 322 [0641 x 107]
W0 313 [0874 x 109
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