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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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Table 1 The coefficients in transformation function

ARk & VG b, b, b,
H, 0~30 —0.4 24 —50
In(EI/ 7,4 ) =0 11.5 —295 2 000
B/2 0<B<{100  —0.04 4 90
5./d, 0.2~0.4 3225 —2882 730
E/d, 200~1200  0.000 41 -1 500
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Fig.1 Project overview and soil profile in Example 1



552 1 7

GG 18 Z AN TE V5 W B S B R BT T 425 DL i SR U vk 365

Do poi) s Hoh p  RORE jASB BOHL T % 22 8%
e KOK 2RI BHE v, 5B RLHS(E g,,(0) 1Y 22
B, B [y, — g ()]s 26U, p, , FRE AN FFIZ By
B b 3% UL J3e KA B0AE v, SRR (E g.,(©)
B2, By, —g.,(0)](=1,2, k). L7, X
(14a) F1(14b) H Y AH 5C 2 B0 BE C AR T B 50 A [F]
7y 5 (1] 472 W 107 14) A G

HRYE Wu er al.(2014) % 22 4> & 51 IF 42 L i)
ANTR] By B T 42 W0 B7 10 G5 31 43 W 45 SR T A0, AN [R) B Bt
M 187 22 () 7 76 1E A0 DG, HL s b 1E 41 G B % A )
B B B) 42 17 B 5 79 185 KT 9 /0N . 33K ook DG i R
[CJE B A8 A i A fb i 4 5 R S 80 ) | A oG
P 11 2 B4 R A BL (9 K A2 55, 2014) |, lenT DL BE
TR S BB LS E R R BT [ ORE DG R K
(SNXO) SRR HBE C, AR LR T

1 L2 v Puk
P 1
C— 021 O 21 (15)
On Pr - 1

Horb o, 8 0 B BN j B B WL 45 22 22 [) 9 4 O
B AT LR R -
p--—exp(—ZA'j)
i 2 )
Horbr s A SR T BORER j B BOITAZ T IR B 2 22580
e 0 LRI T R DG BE B 1Y RN L AR R b TR
AL A IR 25 5 e A AR T8 2 A JRBE 22 R
B AY 2, AR (16) 2R T 48 B0 A /9B 33 B
BIE] AR OC AR, B I 221 T Al 2 Y A AH G pR
B, v 0T Y =R AR BRI R, (H X 2 RS e L)
DAL I AN P55 0
BT ERVE AT, th A s0(13) ~(16) Al #fE &

(16)

ISR e, FEEE G /N1 2.2 W S0 A, B AT &
BT A O S E ) JE g o A [ LA (6) JL AR, A
SCHHLAR rR O 3 B Bk, BLS e A A N TR
B 3 & L i (6) i (19 S 80U 59 53 A I A B i
PR, A SCR T By R B I B 52 4 R 1 (MCMC ) 5
P, R A By oy 2k G LK iR 2 B0 S R g A
(Zhang et al., 2009; Gong et al., 2017) , #f W F 75
e .
24 MEWRFFFEHMC)EX

MCMC J7 5 1 3 A SRR 2 DN H A 43 A vp i AR
IO BORE AR 3 5 K o 1 R A i ) 2 2 0 IS
B 43 AT . H T I 52 R R 1% (HMC ) 383 7 4b 21
o GRS A o3 A I, B B 0 52 R AR AR A
FIAH DG PE | DRI AR F 52 v ok F HMC 5836 0K i )5 39
SR T HMC 595 19 MCMC B T 7T 2 2% il
NTAE(Gelman ez al., 2013) , 4% 52 Fr 3 FH o a] LLiE
it i ] Python 7 (1% “Pyme” >k 52 8 B AR i 4F (Sal-
vatier ez al., 2016).

o TR R B R BE e 6% 38 B H bR 09 AR 4
A, e BEAE R AE R A b B S R (Burn-in period ).
BRI 2 48 B IR BE R BE E AP R 43 A Z 10 1Y B B,
HL R B 101 P A= 8 04 B AR 52 0 T (B 1Y) 52 T 50K AL
XA FEAR T B SR AE MCMC Jr ik v, 3 7Ok
Gelman-Rubin 4 i & (Gelman and Rubin, 1992) 3k
Ko A R B SR A A i S BV E A L A T AE L 4
Wk A F (PSRF) J& 75 /N F 1.10. 24 PSRF /b F 1.10
BF, A S /R B e Gk 2] T e s A B TR E
R A5 (Salvatier ez al., 2016). M4k, A T iR EEA fE
i 5 3 220 100 S 500 5 36 A A, T AR — 2 A MC-
MC A7 BFEAS A RUOHEAS 12t 7T DL 3E 3 W58 AR 452 11
FEAE 9 A8 b R AL AR 7 (Li ez al., 2021).

®2 EH—FEMERBEESESNNERE
Table 2 Deterministic parameters and field observations at different stages in Example 1
S THZ B B
2 3 4
H,(m) 8.5 13.5 18
B(m) 22.5 22.5 22.5
In(EI/ 7,0 ) 4.52 4.88 4.88
SH/H,,, 1.0 1.0 1.0
A(m) 34 34 34
y(mm) 2.6 5.6 7.1
y,(mm) 6.5 75 8.0
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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.10 The predictions of the maximum wall deflections and

ground settlement versus the observations at various stages
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Fig.11 Comparison of results of different methods for pre-

dicting final stage excavation response
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