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Bayesian updating method of excavation considering various uncertainties and

stage correlation

Xu Ling, QI Yatong, ZHAO Tengyuan
(School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
Abstract: The accuracy of excavation response prediction models is generally influenced by various uncertainties, including those
related to soil parameters, model uncertainties, measurement errors. Bayesian methods provide a novel way to reduce and/or quantify
these uncertainties, and is a natural framework for improving model predictions by systematically integrating prior knowledge with
observational data. However, existing Bayesian updating methods typically addressed the uncertainties with soil parameters or/and
model biases, while the measurement errors are ignored.. Besides, correlations between different excavation stages are also
overlooked for mathematical convenience. These simplifications may lead to unreliable predictions in practice. In this study, a novel
Bayesian updating method is proposed, which simultaneously incorporates uncertainties in soil parameters, model bias, observational
errors, and stage correlations. Two case studies are used to illustrate and validate the method. The results demonstrate that the
proposed approach significantly enhances the accuracy of semi-empirical models in predicting excavation responses across different
soil types.
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Fig.1 Project overview and soil profile in Example 1

M4 Juang etal (2013 [IWFFC AT 50, LA
TEM RS2 FAZ R BE R IOR, T S STH2 T I B
i SN, HASTEAR S 5 SEp BOAN ], AR
552 M BOTIRHAT b A9 BT T2 H R A & FL
VETENEAE RSP 2500, ] ] S5 R0 B S U 4 9
TERRM M HE RS 251, HE % 56 B T 0.7 F5#E
7 Y, 2011). R KIHH SR HTHE 7%,
VB G REZE L ZEEEIR—, 132YH/Hya N
1.0 CHLERBUAYH, KT N ESERE S Hyan
B, FRIA—ARAEEL s FFF2BY B S A A 5¢ R 5L
M shyaEl (p) MEA T L., ¥4, MEgt+S
L REREZ R, AR 34m, BRI FFFZIR
FETE TS LA IR B, AR T B [A] B K
FHFME . 55 2~4 W BUH KIHH A RLR 2 P25 5 0
MEHE R 2 Fios.

F2 R E B E S B



Table 2 Deterministic parameters and field observations at

different stages in Example 1

TrZHTE
&M

2 3 4

H,(m) 8.5 13.5 18
B(m) 22.5 225 22.5
In(ELp b’ o) 4.52 4.88 4.88
> Hi/Hyanl 1.0 1.0 1.0
B(m) 34 34 34
yp(mm) 2.6 5.6 7.1
yy(mm) 6.5 7.5 8.0
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WMMARZEVREZ Copps 0,0 MIBMERAR T R
WIFTZ M Qietal. (2017) Al Wuetal. (2014) X}
DAL 2 22 ) Ge it 25 R e, BARUE WK 3.

x3 F=Hl—kIAm

Table 3  Prior distribution in Example 1
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Fig.2 Posteriori sampling scatterplots of parameters in stage 2
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Fig.3 The difference between posterior distributions in stage 2

and priors distributions of different parameters
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