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Geometric reliability analysis of geotechnical structures at a specific site
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Abstract: According to the serviceability limit state of geotechnical structures at a specific site, the reliability index of various
structures is calculated by a newly developed geometric reliability method. At the same site, considering the scatter of the
load-displacement curves of bored piles, anti-floating anchors and CFG piles, the regression parameters of these curves show
differences and can be regarded as random variables. The correlations and joint distribution characteristics of the site-specific
regression parameters are discussed. Based on the joint dispersed probability density contour (PDC) of these regression parameters,
that is, the random variable just reaches the critical limit bearing capacity state, the reliability index of the geotechnical structure is
calculated by the geometric reliability algorithm in the original space of the random variable. The feasibility of the geometric
reliability algorithm is verified by comparing the calculated geometric reliability index with the results by the conventional first-order
reliability method. The computed results show that the geometric reliability evaluation model is simple to implement and can be
easily accepted by engineers and technicians.
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Fig.3 Bored piles at Shunyi site: (a) load settlement curves;
(b) scattered hyperbolic regression parameters; (c) scattered
power law regression parameters
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Fig.4 Anti-floating anchors at Hou Shayu site: (a) load
settlement curves; (b) scattered hyperbolic regression
parameters; (c) scattered power law regression parameters
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Table 3 Marginal parameters of the normal and best-fitted distributions to the regression parameters at each site

X[ A B E|
AR LTI h hy P )2
241 242 241 ZH2 ZH1 242 ZH1 242
VEVEME  1161-e04  168-e04  1.06-¢04  0.19e-04 893.29 98.25 0.74 0.05
IER MG T 0.02 19.78-e04  48.62e-04  5.06e-04 36.01 1.79 0.68 0.03
CFG HESEHE  46.85¢-04  845e-04  2.03e-04  0.53e-04 27594 4452 0.73 0.07
TEERE —6.77 0.14 1.06e-04  0.19¢-04 893.29 98.25 —0.30 0.07
24wl HEFT 150.55 620125  48.62e-04  5.06e-04 36.01 1.79 -0.38 0.05
CFG FEfpHE  —538 0.18 2.03e-04  0.53e-04 5.61 0.16 0.70 0.05
R4 AIC NBRRBE SRS
Table 4 AIC values and model parameters of the best-fitted copulas
AIC Copula 4}
Type
Normal Clayton Frank Gumbel Normal Clayton Frank Gumbel
TEEAE —5.08* -3.71 -2.53 -3.17 -0.51 \0.65 -2.70 \1.39
FUSAIFT  —614.53*  —428.86 -570.58 -598.52 -0.79 \1.52 -7.33 \2.29
CFG MEsLbE  —17.69% -8.80 -17.61 -16.13 -0.55 \0.42 —4.20 \1.62
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Table S Computed reliability index of geotechnical
structures at each site
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Fig.6 Bored piles at Shunyi site: geometric interpretation of
the dispersed PDC and the definition of the geometric
reliability index for the copula used to best fit the observed
data
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Fig.7 Anti-floating anchors at Hou Shayu site: geometric
interpretation of the dispersed PDC and the definition of
the geometric reliability index for the copula used to best fit
the observed data



8 = L+ h £ 2020 4F
o o IR, @M, KRVERELY PDC A
5.4.3 CFG HEHLAE EJUMIER GHR THEIES G A B dES Eb 1Y

K 8 5 H CFG #E i3 CBEM 515 X

12

- R

- bR

== RIMPDC-WE R IEA i
= RHPDC-RRE S
®.

10

08

06

N e - —— -

04
E /
- I

o B
q° HlBL
T

02

0 100 200 300 400 500

P

8 PG CFG HEHEHERI R PDC MEER R EHLA
TSR B AR AR R LT AR
Fig.8 Single piles of the CFG pile composite foundation at
Yanjiao site: geometric interpretation of the dispersed PDC
and the definition of the geometric reliability index for the
copula used to best fit the observed data
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