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MARINE ENVIRONMENTAL DESIGN PARAMETER ESTIMATION WITH
PLACKETT COPULA DISTRIBUTION FOR OCEAN PLATFORM

DONG Sheng, LI Jing-jing

(College of Civil Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: The bivariate and trivariate distributions of wave height, wind velocity and current velocity are
constructed with Plackett Copula, respectively. Different load combinations for these three variables are obtained
in three ways: single variable design method, conditional distribution method (including both mode and mean
value cases) and the trivariate joint distribution method. The base shearing force of a jacket platform is calculated
and the joint return periods of different combinations are estimated. Results show that the computed base shear
forces by the first method are obviously larger than others, and the corresponding return periods are larger than
the joint return period. The results by the second method change with the choice of the predominant variable.
Wave height contributes much more than both wind velocity and current velocity to the product of the platform
base shear force. In the cases of considering current velocity or wind velocity as a predominant factor, the
platform base shear is relatively smaller. The trivariate distribution constructed with Plackett Copula, considering
the correlations among variables, can be used to estimate the design parameters of ocean environmental conditions.
Compared with the single variable design method, the estimated design parameters can decrease and lead to lower
platform construction cost, which will be suitable for the exploitation of a marginal oil field.
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Table 1 Parameters of marginal distributions
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Fig.1 Marginal distribution of ocean environmental
conditions

R Al
TG T R R (1) 3 5 43 A AL AR 5 5331
ous v w, Z il B R RO BRI A B
Plackett Copula e %1124, HAHR#E(18)1H H A5k
Copula, FIF K¢ () #58HWEIE . 250 Lhwyy
Yow ~ Wow BAHERI Cyy v G« Cuw IISHL,
FAXTEALIR A 1 S PEEAG 28, 4Rk 2,
Wa &K 2. XA LT =48 Plackett
Copula 2%, 15wy =0.8250, #&EIE 3.

22 4 Plackett Copula &%
Table 2 The parameters of bivariate Plackett Copula

2.2.2

SHAE T TE Vv Vww Vuw
o EOR AN SR A T 1.1143 1.3293 2.7849
A A T 1.1364 1.3333 3.2500

1.0

154
n

+ Emp

R A3 A N T IR K (1)

— Plackett Copula

0 0.5 1.0
RS0

(a) PSR

(=}




254 T %

o
4

B4 A /N T HER K (1)

0.5 e
+ + Emp
. — Plackett Copula
0
0 0.5 1.0
EFS~0

(b) 5 ME

oy
(=}

o
n

+ Emp
— Plackett Copula

BEE AT N TR R K (F)

(=1
(=1
+

0.5 1.0
SRS 0]

(c) Wk 5iftis
2 4% Plackett Copula 7 Al & &l
Fig.2 Fitness figure of bivariate Plackett Copula

=

o
%0

o
>

5
'S

o
o

* Emp
— Plackett Copula

WA a3 A N T K e (1)

(=1

0 0.5 1.0
E R %

K3 =4k Plackett Copula 7> fi fil & &
Fig.3 Fitness figure of trivariate Plackett Copula

c. (L,ijze 18)
nn n
KC (t) = I:)[Cuv (qu) < t] (19)

A n RAAFIEKE; a ZaBdihil e x<x H
Yy sk te[01].
23 BHHESER
231 RXEpAITHLER

RIEA BRI A0, HEE LR,
AFE—E KTFE—BE, KIS XM
Jiff, SRJGARYE =4 Plackett Copula B84t 5 84y
EEIUASM N =4S U, HE LR Wk 3.

®3 BLRENHHOUEE

Table 3 Base shear based on single factor design method

BASEEDIA BEm R (m/s) R (m/s) BT KN =4EEELa

100 4.74 1.642 28.89 1029 214700

50 4.52 1.597 27.48 948 28203

10 4.00 1.489 24.15 772 326
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Table 4 Shear force and trivariate return period for

conditional distribution of wave height and current velocity

KR EIHa B mim HOE(mis) R/ (m/s) B 71/kN = 4EI5: A B30 /a

100 3.55 1.354 28.89 666 253
50 3.54 1.353 27.48 656 126
10 3.50 1.352 24.15 628 25
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Table 5 Shear force and trivariate return period for

conditional distribution of wave height and wind velocity

FUEEIL WA B im RKGE(mis) FE(mis) B /kN A R EL A

100 3.27 19.72 1.642 648 193
50 3.27 19.71 1.597 634 96
10 3.26 19.65 1.489 600 19
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EEIY, HEL R 6.

®6 NEREFHSHHNRENH

Table 6 Shear force and trivariate return period for
conditional distribution of current velocity and wind velocity

W EBa i/ (m/s) KRaE/(m/s) JEaim BT /KN BRI

100 1.344 21.20 4.74 868 239
50 1.343 21.16 4.52 818 117
10 1.343 20.89 4.00 706 23
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Table 7 Results based on the mean value of the conditional
distribution of wave height and current velocity

R E I3 s Y AR m S AR (mis) IR (mis) BT 3 /KN 25 B 30 1 /a

100 3.73 1.400 28.89 717 525
50 3.72 1.399 27.48 705 259
10 3.66 1.393 24.15 672 47
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Table 8 Results based on the mean value of the conditional
distribution of wave height and wind velocity

Uit EE Y /a U e B XGRS/ (s) YU (mvs) B 3 /KN BEE5 SR IS0 a

100 3.62 21.94 1.642 732 612
50 3.62 21.93 1.597 717 305
10 3.61 21.82 1.489 678 59
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Table 9 Results based on the mean value of the conditional
distribution of current velocity and wind velocity

i EE I @ U B/ (m/s) KGHIAHE/ (mvs) 5% e/m B 3 /KN BEE 5 L HLIH/a

100 1.397 22.54 474 895 546
50 1.396 22.49 452 844 267
10 1.392 22.14 400 728 50

233 ZHaAW A HEER
M 45 =4k Plackett Copula, #Jidik . Mk M
TR ) = HEMEZR AT, 2l Rt = 4R A EHL N
100 4. 50 4F K 10 Fpm . WOl 2 fid s, i
SEAF . 1) BY 77 8 KAB (3R 10),

Fz10 =ZHFRHETELER
Table 10 Maximum shear force based on trivariate distribution
EILW/a W im Ridim/s K Im/s BT J3/kN
100 454 1.301 21.19 808
50 431 1.303 21.23 760
10 3.80 1.300 20.71 652
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