% 46 5% 3 AR5 xR TR FIRP E L Vol. 46 No. 3
2024 46 A Journal of Civil and Environmental Engineering Jun. 2024

OE

B UL o307 7 i B LIRS B A o € P A
B i 53 By
ALK BARLEMML TR B!

(1. P w i A d B Rt A a8, B9 650206; 2. £ P HBEKRE 8L 5K TF TR,
R, X 430074)

W B ERARAZEIEP HASEGLEANZAIT FREZMNS SRR LP FEA
AR IRRNEEXERL, R, L ESHARY LT XBREZFAFEO Y0, LESHT AN
B RE R RN E R AR T o ERM A LSRG TEE ., X T ERFA, R B —A
ETF Rt AR EHAERFNG BN G R LRI L RARBE RS %, %5 % %A GA-BP
ARG EIT RS HER P LRAB G EFEMNHB X DKL R LA BN K EE ST
A M MR AR . KRR I E R RAR I RETOMN, BIET F RO TR, &
FR R R R KM A LA 5 AL A I AR AT LR A FAERBE, o AR R B S 6
E RSB E R TIE F A ML, FREREY 5 R LA LRSS, 24 2R S HE
IHRAKEFAKTD ,FANLEREELET T THRMNERE SR S IR AT+
A H AT TN R B FRTAUE R R KA AL e R,

KR RAI; BRABGEB RS Nt B ik B RAP R4 245 F F 4
FESES:TU53.1 XEkERE A XEHE:2096-6717(2024)03-0052-09

Probabilistic method for displacement back analysis of deep
excavations in soft soil based on Bayesian method
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Abstract: In deep foundation excavation projects, using reasonable soil mechanical parameters to calculate the
lateral deformation of diaphragm wall is essential to optimize the support design and reduce engineering risks.
However, the soil parameters are generally affected by the uneven distribution and geotechnical testing errors,
which often show obvious uncertainties and reduce the credibility of the lateral deformation calculated of

diaphragm walls. In view of the considerations above, this paper proposes a back analysis method of soil
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parameters based on Bayesian parameter updating framework and site monitoring data. This method uses GA-
BP neural network to establish the implicit function relationship between the soil parameters and the diaphragm
wall lateral displacement in the numerical model, and combines the site monitoring data to establish the
Bayesian back analysis model of the soil parameters. This method was used to analyze a deep excavation
project, and the feasibility of the method was verified. The maximum lateral displacement and multi-point
displacement value of the diaphragm wall were used as indicators to invert the soil mechanical parameters, and
the updated soil parameters were used to predict the final lateral displacement. The results show that compared
with the non-updating soil parameters, the variation coefficient of soil parameters decreases after updating, and
the obtained results fit with the monitoring results better in the subsequent construction steps; the prediction
effect of using multi-point observations for soil parameter updating is significantly better than that when only the
maximum displacement value is used.

Keywords: deep foundation excavation; soil paraneter; displacement back analysis; Bayesian method; Markov

Chain Monte Carlo Simulation MCMCS)
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Fig.1 The realization process of GA-BP neural network
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Fig. 2 The section of the excavation

2.2 HEEBMNES

1) A L AT R~

TEH 1 m JE 14 56 B B A T T, R B 254 L R
A PR 22 4 B FLAC™ i ~7 B0 {8 A5 R, B i 4
U LT R SF R 77.5m X 1.0 m X 36. 0 m,

2) B B8
A A AR ) A TR SR D EE O - P A AR R 5 A S
b $55% 1) A b 4SS AR SR FH 2k i A R AR R L R {1 A
R BARY) HE ) 2 SR 1,
T B AR T rf = A | b 3% K% SR FH 2 A B e A

F1 MRYEAHZESHTH

Table 1 Mechanical parameters of materials

- MRy, MEEE M RN ONFEE
(kN/m*)  E/MPa H c/kPa 1 o/(")
Mt 19.0 10 0.36 5 33
MEF+ 190 9 0.49 45 32
Fmmt 190 20 0.49 100 34
& 20.0 69 0.30 0 44
LB g 78.5 207 000 0.25

i 4 5% 25.0 28 000 0.20

PO, SRR T L DT AL o Y A i SR A% 1
T AR JE 31 S [ R 24O 5 T ) 4 S0 T i 3 1)
ZUSR, I 2 SR S A O A K2 RS o B R
WA da] 23 P 3 T

it
i
%&F%}j:

-

36.0 m

e

502 m 08m 17.5m

B3 EiiHEER

Fig.3 The numerical model of excavation

3BT %

FHU HARTHIZ A BANF .

(D T 57 1 74 1% 5400 4 Hb 1 7 S A5, A 0 4 M
N1 Q8 LR EE —HZm — 1.6 mib; ©FF
AR ES 2 —4. 3 mAb  E—1 m bR
F O R ESE 3T —6.9mAb £ —3.7m

QI LR ES 442 —10. 15 m
Ab FE—6. 2 m bR T ©FF 2 LR RS 5
M —13. 2 mAk , 76 —9. 5 m AR 4 DI 2 4k
E6IFIEM —16.2 mAb, fF —12.5 m Ab 4R %
EQF LR EH 72 H —18.45 m &b, 7
—15. 5 m A B A
2.3 HEREMBHTAMNE

Pl A Sy BSC(E S A0 285 L 5 5 0 S8 58 ) 1o 432 %%

B X E T el AT FE SR BT IR IS A AR

S 455 1 O % il 4 5 vl 1] K, R i /0N 19 40 A A
o e KA Hh LR B — N HF 240, Bkl
FE{H S 73.68 mm. FEARTT 5, B0 (A 18 1) b i 5%
% it 2 14 78 Ak 8 S AR A5 5 303 W 0 KA, (E
BFERM LA AT A 2205 . WL, A %2R
FA G SCHR 4 5243 A 7 6 = 2 B0 A7 ST o0 A R



56 K5 xR ¥E AL FROP FE L)

% 46 %

RS HALR . ST AT 3TFHZ A b s i i 0 7%
WL 1 £ 55 5 4 A0 0 RS LN £k B 22 S AR, B
55 4 TF 28 IT fh 3 i M % il AT B — B AR Al
HH N, K A AU EE ST 2 9 55 4 28 0T i

pRIEES
—o— 1
—o— Hi i
o g3

20 60 80

40
Ml A2 fmm
4 EhuithiE SN i Xttt

Fig. 4 The comparison curve of diaphragm wall lateral

displacement in excavation

3 BT ENABE RS

3.1 HERSWER

I EER: B 2 O e vl 5 e ) 2 N
BRGS0 1~4. i T LA R R EAA
B AR S, A M LA o 0 1, LA e B
IR -JEAR AS K AU A7 SE ST TF 2 TS, BE B0 K F- )
AR X BER R AR A A SRR, IR, L B R E
S H bR 28, BT AR 2 R 1 4 TR 37K IE A
WU, I 3% E S8 23 i) A 7 22 290 T A
GA-BP i 22 0 26 Wi 7 17 o v, 75 22 391 50 )37 T
L SR AN B 28 SO Uk 22 30T 5Ok 3 75 W) L T B
B, AN TR R BE = Ak 19 0 17 1T R R AT 3278 R

0(0.2)= b0+ >10,,0,+ >0,,..07 (7
i=1 i=1

26,00 Z2 30 2 R B 7 0 R B 000, 2) 0K 2 IR
JE Kb 1 v 7 T BRER 5 0,8 A B TS S H
GA-BP i 28 W) £ ) L7 18 g 57 77 =Xk o $R IR
A FEAZ 0 A0 B 1 b 3% K5 KL T GAOT TR
®2 ERMEZRBE

Table 2 Orthogonal test table of excavation

A ass E,/MPa E,/MPa E,/MPa E,/MPa
1 4 3.6 8 27.6
2 4 9 20 69
3 4 14.4 32 110. 4
4 10 3.6 20 110. 4
5 10 9 32 27.6
6 10 14.4 8 69
7 16 3.6 32 69
8 16 9 8 110. 4
9 16 14.4 20 27.6

8 HE ST AR S A AT A A I 45 S5 Sk 3 )2 il 48
A1 PONTE TN N Y A E i ) = S =R TR 61
BN 11.23 .4, F B4 trainlm R EC ZhkEAS R
tansig PR ELVE A B2 5 2 B9 BT pREL, SR purelin bR
BAE N EN SRR, RERERENEE
SR P EERLRL P=150, 28 X HER P.=0. 24,24 5%
% P,=0.04, B HEM R P=0.09, i K 1LACE
4100,
3.2 MEEERSH

i FH 35 T A 28 TF 32 45 A0 1 0 5090 ofe 43 91 4
22 300 X M 7 T T GA-B P A1 28 I 465 i 7 T ) 3 FH P

THE 100 21 Bifi LA AR /9 7 55 It 5 {8 155 78 e
I o K 100 2 Bl AL AE 2 43 Sk W 350 43 fiE FH T 50 2 B
AYN 2k GA-BP # 2 W 2, ffi FH 5 50 4R A< 53 5
Hir 22 751 3 7 T RBP4 N T 1 8L 2 R £
T =X ] 7 TR 5 G A-BP 25 ) 28 i o T A1 ERC(E AR 4L
1) 1 R 355 57 B8 %) L UL T 5

=} =
=3 =}
]
N
-y N
\

=)
S
§
)
]
N\

=
=l
T
N\
N\

e

=)
3
N\

S0 T2 B RS (2 fmm
N

40 6‘0 80 1 (I)O 1 ‘20 1 4“0
A SRS S

(a) ZWA T &5

=
S
1

]
S
T

=)
3
T

o3
T

o
S

N
S

GA-BPHIZE 280 7 TS B DRSS mm

4‘0 6‘0 8‘0 lIOO 1I20 14‘10
AR B IS (2 fmm
(b) GA-BP it 45 % 25 e ), 1A7 F5 900 2% SR
5 R[E) NG R E A F 4 R (z=— 17 m, 50 A A)
Fig. 5 Prediction results of different response

surfaces (z=—17 m, 50 sets of samples)

1 & 5Ca) m] D, 22 701 <X g S0 T R (R ASE 0L 45
BEAR P AR (y=a) BRI, {F 2 B5 40 A5 10 5 11k
B, PAMAER2Z; B 5l I, i GA-BP #f
2 ) 4% W) 7 TET T A5 174 b 7 8% A7 B R E E00E A LR



o Tk 0 AR R IR R R A A A RUIR AT 57

Wo I, Al

n
o 09 o 3 B 0 B FE AR W) & PG

DL FH G A-BP 1 25 I 26 VE A i B T
3.3 NMHEEFRLERM

W R BE I BE K E S 100 000, I B8 il K 1
gy s=1.5, A3 Q& 6 7R 19 55 7 TR 8545 R I R
FERBEREA 30 2 D /R B I 4 1Y R A 48 T R AE 7T
BRI EREN RS SHER B 75
FEFZ o 0 S HOE B 25 RE 7 R Hp R T YAk
¥ PDF 2 #E 2 % J oK %0 (Probability Density
Function) (485 o M E 70 WL, A6 51 AT 3837 520
B SRS E R AR S BUG | BUE R A5 B i HE R %
JEM S 5 500 A e — 2, T LA R R B+
A SV AR B R DA G R OE S A . 48 DL BT
Ja 45 R BT E 0 B ORI BTN B E
TN S B R A A A . IRk B )R
B LR A0 A SR TR R S 22 AR R,
R 2 Ml AT AE R T A AL B B R 22 R
S DR LS A S o 0 3 AR A e K T T M
B b H T I A L A 6 SR B RS AR T 1 5
AR, SRR B R R B 22 5N

& 40
2 20
o . ' ; y

0 1 2 3 4 5 6 7 8 9 10
SRRER BRI AL 104

(a) Mean=10.091 4,COV=0.309 15

Dz:t40
gz"LM it
of

0
0 1 2

3 4 5 6 7 8 9 10
SRRER BRI AL 104

(b) Mean=9.594 3,COV=0.202 26

« 100
&
< : : : : . . . : - )

0 1 2 3 4 5 6 7 8 9 10
SRRER BRI AL 104

(¢) Mean=25.5352,COV=0.272 51

£400
%ZOOE
e ;
0 1 2 3 4 5 6 7 8 9 10
L /RBIR BRI AR 104

(d) Mean=76.562,COV=0.279 93
M6 &SMMIDRHEE
Fig. 6 Markov chain of each parameter

Sk VM- 2RO BT E RSB T
it A Sl xf LR SR o R H T S R 2
TFAZ 20 £ AR 2 BT TS, B8 S 9 At o 191 00 & B0 O
20 AR PR M 3 BE RS, X T 4 HoAf
A NS 4 245 TF ik 47 DL 3 2 8083, 9
M J 2245 TEAZ 20 00 % i 7 B i) 5K FH b 24 sk
R AN &S 52 I AR A0 22 A0 B S0 BE AT 2 200 5 A

(2R TN, 22 ) 57 B T 45 21 1A 8 e /s

~ SR RE S A
o Jra sy
4, =10.091 MPa, COV=0.309
S oA
#,=10.048 MPa, COV=0.305

. . )
0 5 10 15 20 25 30 35

E,/MPa
(a) EFEARSN A
0251
~ GRS
. ﬁ% o R
14,=9.594 MPa, COV=0.202

0.15 E’% ) SEBMA
= % #,)=9.557MPa, COV=0.211
=™

4

#
i
1 &
0.10 g b
§
@
5

0.05
4N
0 10 15 20 5
E,/MPa
(b) E,FEA 434

0.07

0.06 “ﬁs
H @
i)

- GBI EIE S
0 RS sr A

0.05 of g 14=25.535 MPa, COV=0.273
oG o Sessy
=, 004 If 145=24.058 MPa, COV=0.280
= ¢ ;
=003
1
o
0.02 @
&
0.01 i

0O 10 20 30 40 50 60 70 80 90

Ey/MPa
(c) EsFEAI i

0.025 -

- S

0.020 o JakE

14,=76.562 MPa, COV=0.287
o Sl oA
0015 14=T1.074 MPa, COV=0.3
=
=
0.010
%
- X\}%
100 150 200 250
E,/MPa
(d) EFEA S 1

B7 ZRSHHERSGNERSSE
Fig.7 The prior distribution and posterior distribution of

parameters

PLAS Ny 2 [, pl 18] 8 (a) T 1, 224 {3 fii FH 41 i
S5t 5 AN S5 WU AP A7 5000 6, St 3% 35k 114 57 S 0
HES ARG L MERRGFERKER XSRS
DX 357 TR YR K01 8 00 T R 9 A 0N | e AR R R 22
H}5.58%,

Pl 8(b) 2y R I 22 s A0 % W W (L 3 47 5 400 3
(S 45 5 o DRI T T L 7R 51 A M B &2 2 KT



58 + K5 x%E L FHKOP E X

% 46 %

70
EE)

651
e é

60+

551 s}
Q

50+
O fit F SRR A T )
450 O S4BT B
s X G553 SO e P

o SO BRI
40 A ST TR T

B BRI fe R T R/ mm

35

4‘() 4‘5 5(‘) 5‘5 6‘0 6; 70
I B (R A

(a) AL = A B WL (i K 4

70+ 7 |
<]

65
wel X
8

60

WS

50+ 8

o S A
O SfSA HH I HC
ar X S5 B S T
© Sf6 HEH I HC T
TR o cinil

FTHEA S LS T E/mm

54
=]

40 45 50 55 60 65 70
BFFFEL B BEH LRS e KW/ mm

(b) e 1 2 s o2 7% WL ) {1 5 47
Els NHHSHEHREHTMMER

Fig.8 The prediction results after Bayesian parameter

update

RS S0 K s 147 2 BOE B e, T B 9 R R A%
PO B 15 B 57 S I RSCHE RE AR W, T A A X %
{5 SCIE A A X IR 22 0. 114 %00 d stk al I,
7 P 22 a5 000 50 s 1% S5 A0 SR T AU
R L P B R,

4 it

KM GA-BP #2828 e vy 1 B AU b Ak
20005 b S I 1 e 7 TR, 5 LA 32 el N T 5 AR Sy
BERl, 42 T BT 00 S Oy ki AR S RO o s
2o Wa R BRBER SRR BBy 2 kT
L DLA BT e T O AT v . A
W =L

1) 2R T GA-BP #1289 4% 1 57 ¢ Wi )07, T A58 24 J2:
AR iz AR T DL S RO RE AL P Y
B 7 PR B i A, R AR Ry DL 37 B o0 A B AR
o R HIE T LIEFPER G E R 528,
KT HIEZ W R ML S8 B iy & B RS
PR AT 5 HE— 2P0 5E

2)) Wi IV TET 14 326 49 oF SRS B A B e,
71 22 3T 0 T AEE T GA-BP B2 ) 2% 114 i i

T 24 BE 45 BE M 3R A R 2 0001 3 B 0 A 2 16 Y
R BOC & . BAEREA K H G I, R T GA-BP
22 0 2% i SR W T AR LE 22 200 e 7 T A B
LR E R L

3) 5 AN RS RO T T2 S0y v SR
TR S HUR 13 B 45 8 5 5 S0 T8 Y W &5
RE WG LTI GBS AT S 8O S
J5 B 2808 S 2B/ BT 2 SO 2R AT
R 2 B0 1 TN 80 2R S 35 0 T AU e R A 7%
{ELIF YRR o

5% 3k

[ 1] B BRAE . Rk 42 ol TR ST A T R 1 43 B [D ], 20T

fe R R, 2010,
YANG Q N. Analysis of deformation characteristics of
deep foundation pit in Wuhan subway station [D].
Wuhan:
Technology, 2010. (in Chinese)

(2] BB, £, EA%, & BIEDUIE X0 6 1T ik
ik 3 A8 TV 5% W K 2 BB R A A D). R R4 (A
SRBLFERR), 2022, 42(4): 63-72.

HE Z M, WANG P P, WANG L J, et al. Influence of

Huazhong  University of  Science and

deep foundation pit construction on adjacent subway
tunnel deformation and parameter sensitivity analysis [J].
Journal of Chang’ an University (Natural Science Edition),
2022, 42(4): 63-72. (in Chinese)

[3] /AR, LB, BifRfE, & b X IR RS R I
B K P B ] R e R (A R B D,
2022, 53(6): 2245-2254
NI X D, WANG C, TANG D H, et al. Early-warning
and inducement analysis of super-large deformation of
deep foundation pit on soft soil [J]. Journal of Central
South University (Science and Technology), 2022, 53
(6): 2245-2254 (in Chinese)

[4] ZENG C F, ZHENG G, ZHOU X F, et al. Behaviours
of wall and soil during pre-excavation dewatering under
different foundation pit widths [J]. Computers and
Geotechnics, 2019, 115: 103169.

[5] QI X H, ZHOU W H. An efficient probabilistic back-
analysis method for braced excavations using wall
deflection data at multiple points [J]. Computers and
Geotechnics, 2017, 85: 186-198.

[6] CAO Z J, WANG Y. Bayesian model comparison and
characterization of undrained shear strength [J]. Journal
of Geotechnical and Geoenvironmental Engineering,
2014, 140(6): 04014018.

[7] WU M, CAI G J, LIU L L,

identification of cutoff wall construction defects using

et al. Quantitative

Bayesian approach based on excess pore water pressure



% 34

A LE AT N7 k03 LR AT R A B A A RIE A 59

[8]

[11]

[13]

[J]. Acta Geotechnica, 2022, 17(6): 2553-2571.

LO M K, WEI X, CHIAN S C, et al. Bayesian
network prediction of stiffness and shear strength of sand
[J]. Journal
Engineering, 2021, 147(5): 04021020.

ZHAO Z N, DUAN W, CAI G J, et al. CPT-based

of Geotechnical and Geoenvironmental

fully  probabilistic ~ seismic  liquefaction  potential
assessment to reduce uncertainty: Integrating XGBoost
algorithm with Bayesian theorem [J]. Computers and
Geotechnics, 2022, 149: 104868.

FINNO R J, CALVELLO M. Supported excavations:
Observational method and inverse modeling [J]. Journal
of Geotechnical and Geoenvironmental Engineering,
2005, 131(7): 826-836.

BT AL . 75 BB A 1) S P RS ST 2 R N e 2
BOL sy B gE (D], H R H R, 2021,

ZHANG R H. Study on excavation response and
back
considering clay anisotropy [D]. Chongqing: Chongging
University, 2021. (in Chinese)

DUSCR, g, XICHE, &% . 56T D1 ik Hir 5 9 3R 1 Al
I S B AR R SR T BN [T). A+ J1e, 2022, 43
(4): 1112-1122.

ZHANG W G, GU X, LIU H L, et al. Probabilistic

parameter analysis of deep foundation pit

back analysis of soil parameters and displacement
prediction of unsaturated slopes using Bayesian updating
[J]. Rock and Soil Mechanics, 2022, 43(4): 1112-1122.
(in Chinese)

ZHANG W G, GOH A T C, ZHANG Y M. Updating
soil parameters using spreadsheet method for predicting
wall deflections in braced excavations [J]. Geotechnical
and Geological Engineering, 2015, 33(6): 1489-1498.
HSEIN JUANG C, LUO Z, ATAMTURKTUR S, et
al. Bayesian updating of soil parameters for braced
excavations using field observations [J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2013,
139(3): 395-406.

SN, VRO, R TERE, SF R TR R N 4 B T
W2 BObR € J W5 LU 3805 & B 3 3 BT ]
FA %S TSR, 2020, 39(Supl): 2837-2847.
ZHOU X P, XU Q, ZHAO K Y, et al. Research on
calibration method of discrete element mesoscopic

parameters based on neural network landslide in
Heifangtai, Gansu as an example [J]. Chinese Journal of
Rock Mechanics and Engineering, 2020, 39(Supl):
2837-2847. (in Chinese)

Talith, &%z, WKL, F. LT GA-BP M ML
U 53 5 B 53 BT [T]. 16 AR R 2 2 4R (B SRR 2 ),
2022, 62(8): 1321-1329.

YU J C, JIN A Y, PAN J W,

vulnerability analysis of arch dam based on GA-BP

et al. Seismic

[17]

(18]

(19]

(20]

[21]

[22]

(23]

[24]

[25]

neural network [J]. Journal of Tsinghua University
(Science and Technology), 2022, 62(8): 1321-1329. (in
Chinese)

Wi, Bg, MG, S R TR T REOL AL B R R
P T S G E L B B L)L A R 2%, 2019, 40
(Supl): 494-502.

YANG D X, ZHAO K, ZENG P, et al. Numerical
simulation of unknown wave velocity acoustic emission
swarm  optimization

localization based on particle

algorithm [J]. Rock and Soil Mechanics, 2019, 40
(Sup1): 494-502. (in Chinese)
KT, ZBH, kW g . 3L T Kriging #% 8 F0 ot #F

MCMC 5 7% B9 BE LA BR T AL A8 TR [T]. 3158 J1 22 2
i, 2021, 38(6): 712-721

ZHANG X P, PENG Z R, ZHANG Y F. Stochastic
finite element model updating based on Kriging model
and improved MCMC algorithm [J]. Chinese Journal of
Computational Mechanics, 2021, 38(6): 712-721 (in
Chinese)

K, IR, W TR ESUITE S 8O 5 ey
I BT T (7). DR A 2 4l (T2 W), 2016, 49(6):
806-811

ZHANG W, LI D Q, CAO Z J. Comparative study of
Bayesian methods for back analysis of deep excavation
[J]. Engineering Journal of Wuhan University, 2016, 49
(6): 806-811 (in Chinese)

ZHANG J, TANG W H, ZHANG L M, et al
Characterising geotechnical model uncertainty by hybrid
Markov Chain Monte Carlo simulation [J]. Computers
and Geotechnics, 2012, 43: 26-36.
PHOON K K, SANTOSO A, QUEK S T.
Probabilistic analysis of soil-water characteristic curves
[J1.
Engineering, 2010, 136(3): 445-455.

NAYLOR J C, SMITH A F M. Applications of a
method for
distributions [J]. Applied Statistics, 1982, 31(3): 214.
LINDLEY D V. “Approximate Bayesian methods” in
[M].

Journal of Geotechnical and Geoenvironmental

the efficient computation of posterior

Bayesian Statistics Valencia, Valencia
Press, 1980.

TIERNEY L, KADANE J B. Accurate approximations

Spain:

for posterior moments and marginal densities [J]. Journal
of the American Statistical Association, 1986, 81(393):
82-86.

TR, BBL, £, 8 T UM AT RO A Y
M B A 8 G T R AE 4 28 7 2k (0], By 9 O TR 2
i, 2015, 35(5): 581-585.

CAO ZJ, ZHAO TY, WANG Y, et al. Method for
determining statistical ~characteristics of Young’ s
modulus of soil based on Bayesian equivalent samples

[J]. Journal of Disaster Prevention and Mitigation



60

T KRE5x3 £ FROPE

% 46 %

(28]

Engineering, 2015, 35(5): 581-585. (in Chinese)
XM, B, EMIT, % GA-BP #i 2 [ 4 15 BP
Mg 2% 1k e LR (T). R R A S, 2013, 30(2):
173-176, 181.

LIU CY, LING J C, KOU L Y, et al. Performance
comparison between GA-BP neural network and BP
neural network [J]. Chinese Journal of Health Statistics,
2013, 30(2): 173-176, 181. (in Chinese)

OU CY, HSIEH P G, CHIOU D C. Characteristics of
ground surface settlement during excavation [J].
Canadian Geotechnical Journal, 1993, 30(5): 758-767.
XUAN F, XIA X H, WANG J H. The application of a
small strain model in excavations [J]. Journal of Shanghai
Jiaotong University (Science), 2009, 14(4): 418-422.
TANG Y G, KUNG G T C. Application of nonlinear
optimization technique to back analyses of deep

excavation [J]. Computers and Geotechnics, 2009, 36(1/

2): 276-290.

[30] 43, 5K, B2 M, 5 . 56T 20 o W L T vk A BE T

(A% S AT LT]. A 017, 2012, 33(12): 3810-3817

HE J T, ZHANG J, HUANG H W, et al. Back
analysis of displacements of excavation based on multiple
response surface method [J]. Rock and Soil Mechanics,
2012, 33(12): 3810-3817 (in Chinese)

et ZEui i, Bollh . R BR T TR R IR L ST I 4 25
oy b 4 J2 2 B UR R AR BT L)), A 2 TR 2R, 2010, 32
(Supl): 173-176.

XU W, LIJ Q, DUAN C J, et al. Sensitivity analysis
of a deep foundation pit with special plane shape to soil
Journal of  Geotechnical

parameters[J].  Chinese

Engineering, 2010, 32(Supl): 173-176. (in Chinese)

(¥ %)



