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Reliability Analysis of Piled Wharf and Bank Slope Based on Copula Theory
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Abstract: The stability of bank slopes in a piled wharf is critical for the overall safety of the wharf
structure. In order to further investigate the influence of the correlation and spatial variability of soil
strength parameters on the reliability of piled wharf bank slopes, this paper employed Copula theory to
analyze the joint probability distribution characteristics of bank slope soil parameters. Utilizing the
PLAXIS computational platform, a numerical model of piled wharf-slope system was established. Ad-
ditionally, an auxiliary subroutine named SAPW was developed via Python API interface to facilitate
automatic data exchange and solution computation. This integrated, end-to-end reliability analysis
framework encompassed pre-processing of parameters, calculation of sample conditions and reliability
solving for the high-—pile wharf-slope system. Furthermore, Monte Carlo simulation methods were

used to conduct related numerical computations and parameterized analyses, investigating the impact
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of cohesion, internal friction angle variability, and their correlation coefficients on the reliability of

piled wharf bank slopes. The results show that neglecting the correlation and spatial variability of soil

parameters in the design and analysis of piled wharfs can overestimate the probability of bank slope fail-

ure. This, in turn, leads to a conservative bias in related reliability analyses. Therefore, it is advisable

to employ various Copula functions for comprehensive consideration in the reliability analysis of piled

wharf bank slopes.

Keywords: piled wharf; bank slope; reliability analysis; Copula theory; pile-soil interaction
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Fig.6 Influence of cohesion, internal friction angle correlation coefficient and variability coefficient on bank slope reliability

PLJE T Gaussian Copula pRECEL LG T80 Ry ), P, Fifi
Cov, AR B B KRG /2 Cov M, o B, 7 3
R XS Cou, URFRE W 0., Cov, B o HK,
FE S BSOS AN HH OGNS BT i A5 3 0 8 A Sk 2 3 2k
RO R B {2 3 56T Copula R B W RR I B0 R X5 1
S X U] W R AR S B ] R OGP S AR A
1o AR Sk R AT SEPE L I Ab, BT Frank Copula iR
BT T 0 m MR Sk RO O R m TR T
Gaussian Copula PR Fr 545 1, 13Xt 15 B Copu-
la PRSI R XGT o WA Sk Jot i P 5 B2 A0 BT A — S S
PEFE L2 AP Copula pRECERAE AR EMEREA T2 A % =
Al b BT AR OGN 5 BT T o Y

T PLAXIS 157 & 8 7 i 5 k- SR
ZRE BRI 58 5 PLAXIS-Python APT 2 11 %
PEECEL T W AT RO 1 8l 38 B SR A 1 AN TR T
SAPW , JFFE LR 22 |, 254 5245 R Bkl ik
PEUT T 8T N BRI A A R R B B A R
BT e AR Sk e ke T M (R e LA 2 SRR

(1) 7 SCHR HY 9 56 T Copula bR B w25 B AL Sk 2
Ik VT R AT T R R R IR B R Y, TR RS

AR Sk B 3 R R AL AL S BAT A B R AR T
SR T S SR i 1) A B A L — R TSR S BT R
(2) 7 = BERS Sk 52 3 0] 58 B A B v, 220 4K
B IR R PN PR R A T A R O 4 B 0 4 T A
e R AR 328 T BORE 56 T E B 43 BT A T AR 5T
(3)Copula bR £ 24 2 X5 25 Wk AL Sk fo2 B AT & B2 43
Mrf — 5, B 35 £ Bl Copula BB AE £ 1R A

KAET 2545 % B R SE L b, 50— 20 T R AH G 2 4
A SEPETEAN 5 20T o
5B Sk

[1] Alzo U A K. Rock slopes processes and recommended-
methods for analysis[J]. International Journal of GEO-
MATE,2016,11(25) : 2520-2527.

[2] Phoon K K, Kulhawy F H. Characterization of geotech-
nical variability [J]. Canadian Geotechnical Journal,
1999,36(4):612-624.

[3] LiL, Chu X. Risk assessment of slope failure by repre-
sentative slip surfaces and response surface function[J].
KSCE Journal of Civil Engineering, 2016, 20 (5) :
1783-1792.

[4] B3KFE . HET Copula bR 1Y - AT 57 5 8 280 — 4k 43
A BERIWEFE [ D ] R I K 2, 2017,

523



[6]

[7]

[8]

[10]

[11]

[12]

524

Zhang L. Bivariate distribution of shear strength parame-
ters of soils and rocks using copula[D]. Wuhan: Wu-
han University, 2017. (in Chinese)

Harrop-Williams K. Probability distribution of strength
parameters in uniform soils[J]. Journal of Engineering
Mechanics, 1986, 112(3):20478.

Zhou X P, Zhu B Z, Wong L N Y. A stability analysis
of landslides based on random fields, part II: base circle
slope[ J]. Bulletin of Engineering Geology and the Envi-
ronment, 2017, 78(11): 1-14.

Jiang S , Huang J, Yao C, et al. Quantitative risk as-
sessment of slope failure in 2-D spatially variable soil by
limit equilibrium method [J]. Applied Mathematical
Modelling, 2017,47: 710-725.

PRIE I, 25 30 P, JRE/INRA L 45 B0 0 5 B2 2 OHE 4 03 A
RN R R S AL N Vil I = e s =
2018, 39(4):1469-1478.

Chen W W, LiD Q, Tang X S, et al. Probability distri-
bution of shear strength parameters using maximum en-
tropy principle for slope reliability analysis[J]. Rock and
Soil Mechanics, 2018, 39(4): 1469-1478. (in Chinese)
Tang X, Li D, Cao Z, et al. Impact of sample size on
geotechnical probabilistic model identification[J]. Com-
puters and Geotechnics, 2017, 87: 229-240.

Zhang L., Li D, Tang X, et al. Bayesian model compar-
ison and characterization of bivariate distribution for
shear strength parameters of soil [J]. Computers and
Geotechnics, 2018, 95: 110-118.

Wu X Z. Trivariate analysis of soil ranking-correlated
characteristics and its application to probabilistic stabili-
ty assessments in geotechnical engineering problems
[J]. Soils and Foundations, 2013, 53(4): 540-556.
Das G K, Hazra B, Garg A,

hydro-mechanical stability of vegetated slopes: An inte-

et al. Stochastic

grated copula-based framework[J]. Catena, 2018, 160:
124-133.

[13]

[14]

[15]

AR, LI 5, 1wk, 5F . 5T Copula bR ALY 12 47 301
=Y I AR E A B o B (7). R B TR S
2021, 61(1): 92-103.
Song L F,Kong X J, Xu B, et al. Reliability analysis of
3D rockfill dam slope stability based on Copula Function
[J].Journal of Dalian University of Technology, 2021,
61(1): 92-103. (in Chinese)
Nelsen R B. An introduction to copulas [M]. New
York: Springer, 2006.
JiJ, Zhang C, Gao Y, et al. Effect of 2D spatial vari-
ability on slope reliability: A simplified FORM analysis
[J]. Geoscience Frontiers, 2018, 9(6): 1631-1638.
X, EAR, R B b MR AR S AL
WFFELT]. A £ 1%, 2003, 24(3 2) : 180-184.
Liu C, Bai S W, Zhao H B. Statistical regularity re-
search of physical and mechanical indexes of clay [J].
Rock and Soil Mechanics, 2003, 24 (Sup2) : 180-184.
(in Chinese)
Jil &R . HE T Copula (9 AR SCBEAL I B K 1 3 7] 42
BESP AT [D ] 3L UL TR 2%, 2020,
Zhou X L. Simulation of cross-correlated random fields
and and soil slope reliability analysis based on Copula
approach[D]. Wuhan: Wuhan University of Technolo-
gy,2020. (in Chinese)
KA R AT 45 2508 B A G BRI A 3 45
ATEEEE T[T ] E b TR, 2013, 36(3): 508-518.
Jiang S H, Li D Q, Zhou C B, et al. Slope reliability
analysis considering effect of autocorrelation functions
[J].
2013, 36(3): 508-518. (in Chinese)
BPR K SCH T (ML R At s I R A R A
2003.
Huang 7 P. Hydrologic statistics [M ]. Nanjing: Hohai
University Press, 2003. (in Chinese)

(AL . RE)

Chinese Journal of Geotechnical Engineering,



