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Abstract:  In order to improve the interpretability of excavation deformation prediction, this study
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developed an interpretable machine-learning model aimed at predicting the deformation of excavation
retaining walls. A comprehensive analysis was conducted to evaluate the influence of different feature
variables on the prediction outcomes. Firstly, a large number of excavation support structure parameters
were used as a dataset, and 80% of the dataset was used to build a prediction model for the maximum
lateral deflection of the retaining wall using the XGBoost ( eXtreme Gradient Boosting ) model. Then, the
model was tested based on the remaining 20% of the dataset, and the accuracy of the model was evaluated
by four indicators, i. e. , the coefficient of determination, bias factor, mean absolute percentage error, and
root mean square error. Finally, combined with the XGBoost model, the SHAP ( SHapley Additive
exPlanations) method was applied to complete the global explanation of the excavation feature variables,
the partial analysis of individual samples, and the analysis of interaction effects of feature variables. The
results show that the proposed method can provide both global and local explanations for the deformation
prediction of excavation. At the global level, it not only provides the importance ranking of feature
variables, but also gives the distribution of SHAP values. At the local level, the deformation prediction

results of individual samples are decomposed into the base value and the contribution of each feature

variable, which can quantify the impact of individual feature variables.
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Table 1 Features of excavation and range of values*’
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Table 3 Partial dataset composed of excavation engineering cases

By, W BdR e g 3,

I z,/m z,/m zy/m 2,/ (kN - m?%) z;/18 ze/ M z, ¥,/ mm
1 22.4 1 35 2 500 000 6 3.73 0 34.59
2 14.6 1 28 2 630 000 3 4. 87 0 20.9
54 14 0.8 23.6 1 344 000 5 2.68 1 41.3
55 21.5 0.8 35 1 280 000 5 4.3 1 24.4
56 11.35 0.8 22 1 280 000 2 4.53 1 66.3
108 15 0.6 26 540 000 4 3.38 1 50
109 14. 42 0.8 27 1 280 000 4 3.26 1 70
110 15 0.8 28 1 280 000 5 3.29 1 71.22
TE 2, WO FRoRSCH S5 5 AR T S5 ARSS & 52, I 1 R0 R ESEhG F (R UG T) .



4 4

X SEARA: - 25 AT RS = > RS2 f) B S50 Bl P 5 A 52 g DR 32 20 # - 117 -

5 2000 B i B AR ] AR S 4
¥4 33 XGBoost F71 AH I Y PSR AT A 25 i A 1Y
B KR FE F 2 2] 2 B BUE 437 24 200,25 0.2,
XFF NG PFNHEFR R? Sy Syars A Spusy 77914
0. 998 .0.993.0. 019 F1 1. 465 mm ; %F TR 4E | PR
FEBR RSy Syupr 1 Spuee 23314 0.995 0. 985
0.025 F11.779 mm, FJH SHAP 5575 3 5045 E
A i) E MO Ak o AR R, B 7 4
XGBoost BLAYTM 1) 4= 5y it e, [l Ta S FEHTHRRAE
At () FEEVEHEY, B ] 7a 0] DL RRAE A B Y E L
‘@%%Eﬂf];zp 33> 2> 25> 27> 2,> 2y ,,E:EF' ,%ﬁiﬂ:?ﬁ
TREE 2z, PSR 2, RTS8 S HE IR 2 XoF il 4P 45
() B RANAS TOAEL ¢, PR, =3 7 F- 4 4a Xt
SHAP {E B FIH 70. 5%, 55 «, H1FE 345
PUS NI x, X 9, BZME /N A -3 45 %) SHAP
EEFN 5. 7%, BEAh, Bl 7b WO [ RFAE A2 £ 1Y
SHAP {4375 B W0 TRONAE 5, BEIEHTRREAS 4 2, |
zy Rz A P3G I8N, AR b Bl B 0 AR Ak AR o
2,z Az, A P3G i om .  sesh, e ¢, 5
PR 2, 2y 8K 2o MOCRIFRI I ) H 228 R A
TET AN 2, 2y Bz, 5 HAN AR 5 2L W/ T A BE
53, PR, XTI B AR AR AR A 2,
S S50 5 A S5 AR SS A T 20 L

Z |14.07

2 [12.28
i Zs [10.3
f’é z 7.26
] s— R

%4 1.78

ZE 2

0 2 4 6 8 10 12 14 16
A5t SHAPHE /mm
(a) FAER R EEAEH T
X

Zp e & apalihaves. VP Mee wont @ o o

IAR - ..pup,y..m...,uu oo 8o omas o
o L - gr=to e igmrh s ma . uﬁ
Bl oz} e g i ~ il
i<} <}
I\ £

.

| AN
-40 -20 0 20 40 60
SHAP{E/mm

(b) RFFFHEAE R AISHAPE /375

B 7 ET SHAP fHHI XGBoost 12 & FiFTE
Fig.7 Global interpretations of XGBoost model
by SHAP values

BRI B AU RE ) BT, PR MR % S B X
I RAMEE /N e, DL g R . 4[]
st B R SIS 1) L (%) BE URRAE A2 B ), AR SO ABE A
TSR BEHL T H 7 A R AR AR 155 %07 61 47 338 e KA AL 1)
S

AU, FEAEAS £ 22 B AE F R ) SHAP {67481k
e 8 frn, HE 8a I AL i 2z, H SHAP {HFE 2,
Flz, BUE RS IS, R AEEGUFZREE 2, M
PHER B 2, SRS R BA EAM ., |
&l 8b A AR 2, B SHAP {8 B z, BOE Y5 i
W, RV SR 2 SRR RMNFS BA ARG
o Y zs> 3 I, SHAP {HFEE 2, BTN ;
Z ,SHAP {HFEE z, BYSEhNmiEG o, Pk, 16 B0 Y
() SCAE R R IR 2 e il BT SR

40
30} - R v
20t .

£ R 18

£ 10 T

e

ﬂg 0 e ‘: . 16 g

< . : s

Z 10t Sd "

8 g0t 14

r
30} 12
,40,

-50, 10
10 15 20 25 30 35 40 45
z]m
(a) 2,5z,

25
20 : 20
15 i

1 18

E of , !

i%i 5 mg_

z 0 "

g S i !

N
710 H ]2
-15 :

20 ; 10
0 0 2 3 4 5 6 7 8 9

ZS
(b) zi'—ﬁzI
8 AR ETEENZEER

Fig.8 Interaction between different features

3 & it

1) BUEAILZ G PR TR E G 45 R R0 .
FHTF XGBoost Fl SHAP [ AJ fift BEHILAR - > A FR BB A5
A BTN RV RRAE AR 58X T BBl % AR T B 5

2) ML ISR A BN e M R, T
7 gk [ A AH B AR ol 45 LT FB1 470 55 A8 T 1) 5% 1 £
FEZESE . X TEUE ARG, R4 355 WA L A+



hoE e B o

- 118 - China  Safety

Science

H35%
20254F

Journal

I 32 X S5 BT 47 355 A 2 14 52 i 5K T 4 PR 8
FIHEIE G JEE T [ 3 4 8 2 B 52 I /) 3 b T 52 B T
FEG, FEHUIHZIRIE | B3 S R B A1 24 52 45 ]
S T HE T Bl P i A8 A 1) S PR 3R i L 0 U
AR DT 2 I B X LS Rl P s A I B M )N
3) SHAP ik BEWE Xt FE It [l I Jis 22 H 114 9000 ik
fraeR MR, fEeRzEm, EAMERIE T2

HURFAEAZ A ZPEHESY IR BESS Hh SHAP fELAY 73
Aii o A EAR T AN [ SRR A B AT R ]
P KA T, A6 SR 0= 1T, SHAP 5 54 ¢
S BRI PSR T 28 R it AR R A R 2 1 5T
Bk o PR RSP A R AL ) o S R R A TR
ARG E iR I 2 H R

KIPF, ¥, 21, F. ATESNRINSERRZINRERPERL]. PELZERNF2R, 2023, 33(3):

ZHANG Zhongyu, LI Zhaoping, YANG Hang, et al. Study on influence of parallel foundation pit construction on adjacent

AR, BEIE. ENHEZEEKEXSIENE MEZENRHAR] s ITREFIR, 2013, 35(12):

ZHENG Gang, ZENG Chaofeng. Lateral displacement of diaphragm wall by dewatering of phreatic water before

LI Yan, TAO Jinguo, REN Hongxia, et al. Analysis on influencing factors of deformation of deep foundation pit

Ropte. ERIXSHPSS AN N SIBS SEVRENZIERARLD]. B8 DBAEAS, 2007.

XU Zhonghua. Deformation behavior of deep excavations supported by permanent structure in Shanghai soft deposit [ D].

WIEBVENNIMERIRNPESEARITEDAL)]. PEAZSR . BRM

CHENG Kang, XU Riging, YING Hongwei, et al. Practical calculation method of arbitrary ground surface settlement

outside basement considering the whole process of excavation [ J]. Journal of Central South University: Science and

WANG Weidong. Analytical methods and controlling techniques for deformation and environmental influence of deep

SEE, RBE, 2K, T WRELDRENFEZRRNERMOII]. PEZZETRZRAR, 2020,

MENG Guowang, NONG Zhongjian, WU Bo, et al. Excavation deformation and numerical simulation analysis of deep

THB, HUN, BRE, F. RENSOWSIRENSSRIUARLI]. =BS5S TEZR, 2023, 19(3) .

LI Shangming, HONG Chengyu, JI Fengling, et al. Study on machine vision monitoring and deformation prediction of

YBER, BIR%E, D, T BT WOA-SVM BISIKEESBNENGER[]]). PELZERNZFIR, 2023,

JIN Chunling, JI Zhaotai, GONG Li, et al. Evaluation model of rockburst intensity of diversion tunnel based on WOA-

& % X o
(1]
68-74.
bridge and protection measures[ J]. China Safety Science Journal, 2023, 33(3). 68-74.
(2]
2 153-2163.
excavation [ J]. Chinese Journal of Geotechnical Engineering, 2013, 35(12) . 2 153-2 163.
(3] =&, BRlE, F08, F RENSPSORLZIMREDMI]. T INER, 2023, 51(4) . 37-40.
supporting structure [ J]. Guangzhou Architecture, 2023, 51(4) . 37-40.
(4]
Shanghai. Shanghai Jiao Tong University, 2007.
(5] =R, REK, Ak, & BEHE
AR, 2023, 54(5) . 1851-1862.
Technology, 2023, 54(5) . 1851-1862.
(6] FEDR&K METRENTRRINEZIODMNIDESEHRAL)]. L TEFR, 2024, 46(1). 1-25.
excavations in soft soils[ J]. Chinese Journal of Geotechnical Engineering, 2024, 46(1). 1-25.
(7]
16(7) . 145-151.
foundation pit in subway station [ J]. Journal of Safety Science and Technology, 2020, 16(7) . 145-151.
(8]
992-1 000.
deep foundation pit [ J]. Chinese Journal of Underground Space and Engineering, 2023, 19(3) . 992-1 000.
(9]
33(9) . 41-48.
SVM[J]. China Safety Science Journal, 2023, 33(9) . 41-48.
[10]

(11]

BN ETVSF IR ENTSECHERENSIINEINLI]. WARKERAR, 2022, 5938 2) . 77-85.
XUE Yanjie. Time series prediction of deep foundation pit deformation in soil-rock composite stratum based on machine
learning algorithm [ J]. Modern Tunnelling Technology, 2022, 59(S2) . 77-85.

XXKE, 811, XA, F. BP EMBSERET TR ASEEDHLI]. [ INER, 2019, 47(1) .



#

&

X SEARA: - 25 AT RS = > RS2 f) B S50 Bl P 5 A 52 g DR 32 20 # - 119 -

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

19-23.

LIU Yonghui, HUANG Li, LIU Bingkai, et al. Application and accuracy analysis of BP neural network in monitoring and
forecasting of deep foundation pit [J]. Guangzhou Architecture, 2019, 47(1). 19-23.

ek, RR. RENTRTIURBEMEEEVDLTHRLI]. SN, 1998, 19(4): 63-68.

SUN Haitao, WU Xian. Study on neural networks method of deformation prediction of foundation pit based on
artificial [ J]. Rock and Soil Mechanics, 1998, 19(4) . 63-68.

e, X#HTF, Er¥. BEFNERNAREDITDATCREN LIEPONAL]. 56NFSTEFR, 2003,
22(32 1) . 2284-2288.

QU Xia, LIU Xinyu, HUA Ruiping. Back analysis method based on time effect and its application to deep
foundation [ J]. Chinese Journal of Rock Mechanics and Engineering, 2003, 22(S1). 2 284-2 288.

ZHANG Runhong, WU Chongzhi, GOH A T C, et al. Estimation of diaphragm wall deflections for deep braced excavation
in anisotropic clays using ensemble learning[ J]. Geoscience Frontiers, 2021, 12(1). 365-373.

LUNDBERG S M, LEE S. A unified approach to interpreting model predictions[ C]. Proceedings of the 31" International
Conference on Neural Information Processing Systems, 2017. 4 768-4 777.

KANNANGARA K K P M, ZHOU Wanhuan, DING Zhi, et al. Investigation of feature contribution to shield tunneling-
induced settlement using Shapley additive explanations method [ J]. Journal of Rock Mechanics and Geotechnical
Engineering, 2022, 14(4). 1052-1063.

= B\E@ 5, £2, & HRERSVSFIVEGSHEBNELZ RPN SEMERDOHLI]. HIKE
SRIFFIR, 2023, 25(4) . 852-865.

LI meu, YAN Haowen, WANG Zhuo, et al. Evaluation of road environment safety perception and analysis of
influencing factors combining street view imagery and machine learning [ J]. Journal of Geo-information Science, 2023,
25(4). 852-865.

B, O, IRiGE, . 21 SHAP 82MHBEINSZ IFZNEXRBBEEREWNI]. RITRE
248, 2023, 39(13) . 113-122.

GE Jiankun, LEI Guoxiang, CHEN Haorui, et al. Irrigation district channel dispatch flow prediction based on SHAP
importance ranking and machine learning algorithm [J]. Transactions of the Chinese Society of Agricultural Engineering,
2023, 39(13). 113-122.

FENG Decheng, WANG Wenjie, MANGALATHU S, et al. Interpretable XGBoost-SHAP machine-learning model for
shear strength prediction of squat RC walls[ J]. Journal of Structural Engineering, 2021, 147(11). 1-13.

B, &8N, F8E5, F 6SRYDORRXBLENFNRRARD]. MARMS TERFFR, 2024,
32(3). 627-642.

ZHAO Jing, HOU Chaofan, FENG Mingjie, et al. Research on influencing factors of right-turn traffic safety at signalized
intersections[ J ]. Journal of Basic Science and Engineering, 2024, 32(3). 627-642.

CHEN T, GUESTRIN C. XGBoost: a scalable tree boosting system [ CJ]. Proceedings of the 22" ACM SIGKDD
International Conference on Knowledge Discovery and Data Mining, 2016. 785-794.

ZHANG Wengang, ZHANG Runhong, WU Chongzhi, et al. State-of-the-art review of soft computing applications in
underground excavations[ J]. Geoscience Frontiers, 2020, 11(4). 1095-1 106.

ZHANG Wengang, GOH A T C, XUAN Feng. A simple prediction model for wall deflection caused by braced excavation
in clays[ J]. Computers and Geotechnics, 2015, 63. 67-72.

&R, XEH (1991—) 5 WEEE A L FENEA - TRZ 2, P
25 2 K FBHE 3 AT 557 T I SY . E-mail ; liuyd27@ mail3. sysu. edu. cn,



