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Abstract: In response to the issue of insufficient prediction accuracy for tunnel shield cutter wear,
particularly the significant impact of the cutterhead installation radius effect on traditional methods and the
weak generalization ability of prediction models, a collaborative prediction model based on segmental
regression and machine learning is proposed. This model integrates 315 sets of multidimensional dynamic
data covering geological conditions, construction parameters, and tool performance parameters, and
constructs the model based on the rock-breaking volume wear rate. The model differentiates between the
central, middle, and edge zones of the cutterhead to effectively eliminate the interference of the
installation radius. Random forest, BP neural network, and XGBoost models are used to predict the
cutter wear, and the performance of these models is compared and analyzed. The research results show
that the segmental regression model quantifies the wear characteristics of the cutter in different zones. The
XGBoost model achieves a coefficient of determination of 0. 92 on the test set, with an average absolute
percentage error of only 7. 5%, outperforming both the random forest and BP neural network models, and
demonstrating better generalization ability. Core factors influencing cutter wear include inherent rock
properties such as uniaxial compressive strength, CAI value, and quartz content.
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Fig.3 Rock uniaxial compressive strength test
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Fig. 4 Rock-breaking volume wear rate of the cutter
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Fig.7 Prediction results of different model eigenvalues

FEALARAK S XGBoost A —FIE S AR [ &
PRV T B A5 0 4 5% e K T T 24005 J1 Bk
RESH, XIF & A BB Y AL
4.3 AEEITPEGEXT L

FEHLERR . BP #2225 F1 XGBoost 15 5 TN AE
FEANER 1 ~3 B, TINAE 5 2SR 6 L an il 8 JiF
N HIF 1~3 AJHl, XGBoost 15 B 7E i 4L F 11
IKS BER 5, B iR 22 B AR iR 22 | F- 2 48 X i
25 Y E 3 iR 25 P B 0. 10,
0.32,0.025,7.5%,0. 92, 0 F H AL A H 8



2025 No.21

R L 55 L FETHL &7 T 10 UUE A 7R ] BRI 5E 135

Jr B2 BEBINLAB U B H22 RSB 43 5
1 44% ,71%  ELIZLREH) 6 H (1655 55 0 i g
FERBL 3%) . BEVLEERBUL R AR LT 1
FEHULILA (NSRRI FEOD 0,88, WL AEsE
FHOY 0.85) ., BP M2 WAL ERCTS W5
SR E7 53 1A 2% B35 160, 09%  Hest Rk 31
S
R 1 BEYARMARBLT NS B

Table 1 Random forest model prediction accuracy

S A 4 s
By EorR T X
WA o o o Horkk .
R % R%E - EX 40
TR2/ %
plERS 0.15 0.39 0.028 8.5 0.88
hlFrve: S 0.18 0.42 0.030 9.0 0.85

R2 BPHERKEETNEE
Table 2 BP neural network model prediction accuracy

-4 24t 3

TR L e i
R = R o £

R/ %
PIEzRS 0.30 0.55 0. 042 150. 0 0.70
A4 0.35 0.59 0. 045 160. 0 0. 68

£ 3 XGBoost BT #5 B

Table 3 XGBoost model prediction accuracy

FHy it

] ¥y B SRt g
- !
TH e gy gz TR oy
TR22/ %
VIIE RS 0.08 0.28 0.022 6.5 0.95
A 0.10 0.32 0.025 7.5 0.92
0.151 V=x
BPA#HZ P 45 A5 K .
= XGBoost#]
0.101 J=
g nﬁ
= .
Eﬁs . :: o
0.051 P
< %
0 0.05 0.10 0.15
HE

B8 REWNESEXEXLL

Fig.8 Comparison of model predictions and true values

1 &1 8 AJ AT, XGBoost #5424 1 I (B 5 H. 52 {H %
2RO IX R BRI RN L | & AU 5 0 B
YIS, 8 BT, XGBoost 55 74 Ay H5 fIt 151 I A5
B BEHLARAMAE B ] TR 20 BT, BP 1 28 ) 45 454
B i — Ak
4.4 TN

ARSI R AR B L T X0 H A B XGBoost

PR TR 5, o e A T R G T
A AR | AT S PR T B AR R (WL 9) .
TUE S G S e B AL AN 4 B 2 T (R i 22
S BE T, AR G0 R A BRI i E B 9 e 00 3
R AR U S G BCH T 100 AT R X R T
P EIR A PR B d AR A (AR

BEES

B9 HEEBHMERS

Fig.9 Intelligent tunneling early warning system

x4 MEELHSWAE

Table 4 Warning levels and response mechanisms

ik 377 I3 {13 ] Mg 17 B il
—%% TR AE S HEHEAE 1 20% ~30% R 2
h—t/ TR A FEHEAE ) 31% ~50% HER IR TI T %
=% THIAE > HEAE(E Y 50% S RMEHLG A
5 ZiE

SRR T 4 2 2 AR RN T BUWVR T B 45T
sl , AWFFEIBIE 1 1A AR B B8 R A R A
TEDRAYOC B X8 G A 0 485 AN ) DX 3l g s 45 4
PE ST T 43 Be A AL Sy S Br AR v 22 Sk 7
DT 488 Rt X5 10 2 XU Sl B D T Ak 7T 8P ) X
e AR T ST

DR AR S TR IV FH v R v R T R,
e i3 3] XGBoost A5 HY Ay fe AL AR AU | HCF500 K B2
Sz Akie 18I, 7B XGBoost 157 71 £ 1% 2 it T4
BRG] RS A B AR

ZUAFIE A U 20 A A B Be 2 S, S
B 1 SEPR T AR P RO R R A E T, BFST A IR R,
WA e PR B A A S Al R 5 B | CATL i f A 9% &
S5 b 5T 2 B R 1, 30O T R T B T AN ) B
R EA TR L,

SE k.

[ 1] SkRImTr. G M 7] B AR B e [ )], 3 T A
(FFHEIC) ,2025,54(7) : 1-6.
ZHANG C K. Simulation test study on tool wear measurement of
shield tunneling[ J]. Construction technology ,2025,54(7) :1-6.

[ 2] #far, B, AR, % BT RIS Transformer 5B 11
T T 2 A VR D TE R S BTN [ )]t TR (3
) ,2024,53(1) :107-115.
CHANG J Q, HUANG H W,ZHANG D M, et al. Normal wear



136 il TR (R SC0) 54 %
prediction of disc tool based on clustering and Transformer shield cutters in sand-pebble strata based on EDEM[ J]. Chinese
algorithm for tunneling in upper soft and lower hard strata[ J]. journal of geotechnical engineering,2024,46(10) :2212-2220.
Construction technology ,2024,53(1) :107-115. [11] XBAk, T, AR, 45, TBM B A TR 155 7 T 70 B8 4 AR F 5% 2 v

[3] Fr8H R, WIEH, 5. JE TR ] Cerchar B IR B 8 LI HETHA (F3E3C) ,2023,52(23) :50-56.

JIES RN F [ T]. BRI T R M ( HRBL ), DENG L,YU R,SONG S, et al. Research and application of new
2024,38(11) :112-118. wear-resistant cut ring for tunnel boring machine[ J]. Construction
QI M L,ZHU Q,YANG Y D, et al. Study of a prediction method technology,2023,52(23) :50-56.

for cutter wear based on cutter Cerchar abrasivity index [ J]. [12]  XME, Jumedli 8R4 S TE A B -F & 09 TBM R J]
Journal of Chongqing University of Technology ( natural EER G R R[], #E bR HER T, 2025,69 (5) « 124-
science) ,2024,38(11) :112-118. 132,169.

[ 4] #Heal, &, ok s, % PN R—A 2 & 12 ISk LIU Z,YOU X B, WEI M, et al. Study on influencing factors of
TR T AR R ST [ T ], i T8 AR (Fh3E30) , 2025, 54 TBM cutter wear based on composite abrasion test platform[ ] ].
(7) :129-136. Railway standard design,2025,69(5) :124-132,169.

XU W L,YANG Z C,ZHANG Y et al. Research on wear law and [13]  ZE#F, EXHL, I BEAS 55, Wk B Remuh TBM ‘a4 kg 7]
prediction of inserted-tooth hob of slurry shield in upper-soft and BEIETSE[ )] . BEIE U (FPIES0) ,2024,44(S2) :470-477.

lower-hard and  rock-sandstone composite stratum [ J ]. JIANG Q,WANG S J,JING L J,et al. Disc cutter wear of tunnel
Construction technology,2025,54(7) :129-136. boring machine in hard rocks of pumped storage hydropower

[5] FHERsE, 2 T558. FEu ik TR ISR JI R[], BRiE station[ J ]. Tunnel construction,2024 ,44(S2) :470-477.
51T TR FE R ,2020,2(2) :92-96. [14]  FRME R BhE 4D, 45, 56 T35 W 0 30 R A B ik M 1 8l
LU Q L,YUAN N Q. Failure analysis of the disc cutters of TBM IR T AL Dk [ ], AR, 2025,50 (1)
in a subway project [ J]. Hazard control in tunnelling and 115-131.
underground engineering,2020,2(2) :92-96. CHENG H,XIE B,YAO Z S, et al. Wear evaluation method of

[ 6] Hakd A/, TR, 45 Jbatisif )2 + V105 5 # 7R drilling shaft sinking hob based on rock slag morphology and rock
T13Z2 1 R BES AT [J]. AR T RE22 4, 2024,57(S1) : abrasiveness[ J ]. Journal of China coal society, 2025,50 (1) :
1-8. 115-131.

YANG Z Y ,SHAO X K, WANG H R, et al. Research on the force [15] HEFRPH. B iho kA0 A = FE /K JT 55 B TBM % 5 45 0 38 56 7F
and wear law of EPB shield disc cutter in Beijing boulder strata X[ D). BB AR K, 2022,
[J]. China civil engineering journal ,2024,57(S1) :1-8. XIONG F Y. Model test study on rock breaking efficiency by TBM

[ 7] 5KEEVE. BE T Cerchar JE 1l S8R50 5 122 (9 i A4 BRI e 41 7T 4% cutter assisted with high pressure water jet in highly abrasive hard
PRPEPEAG [ T]. 0 TH A (h3E3) ,2025,54( 10) :64-70. rock[ D]. Nanchang; East China Jiaotong University ,2022.
ZHANG L T. Excavability evaluation of shield tunnel rock based [16] ARG, ek, kT, 55 B A wi X h TBM R 1A h
on Cerchar abrasion rate test method [ J ]. Construction AR T]. MR 224, 2023 ,48(8) :3300-3311.
technology,2025,54(10) ;:64-70. CAO J L,YU J,ZHANG Z Q, et al. Force calculation model of

[ 8] T/, T, dhh 30, 5. 3 i 2 I 2% 100 5 #4038 U1 18 i TBM disc cutter based on rock breaking mode [ J ]. Journal of
I ES[T]. N = (5 TR, 2023, 19(2) China coal society,2023,48(8) :3300-3311.

560-570. [17]  W3EHR, B, J A 2, 45 OUBEE R 7E A [ 582X 4T 2 4 g
DING X B, XIE Y X, XUE H W, et al. Investigation of SR I1HF [ )]. gkBARER T ,2025,69(6) :151-157.

quantitative prediction of TBM disc cutter wear by ANN[ ] ]. YANG Y D, ZHOU K, ZHOU J ], et al. Study on tunneling
Chinese journal of underground space and engineering, 2023, 19 performance and disc cutter life of dual-mode shield machines
(2) :560-570. under different modes [ J]. Railway standard design, 2025, 69

[9] BAM,E0E, ERE,F. HLWREWIRIERZ Hir (6):151-157.

AL AR AR SR AR ,2021,43(1) :111-115. (18] MR, IMIR)I , o B, 4. B T 224 B 43 1L T R s [l
YANG G L, WANG X C, WANG Z Y, et al. Multi-objective IFA TR TS BUFAN J5 vk [T, E LB T /2, 2021, 32
optimization of disc cutter wear of shield in Qingdao Metro[ J]. (11):1370-1376.

Low temperature architecture technology,2021,43(1) :111-115. YANG Y D, SUN Z C, ZHANG B, et al. Disc cutter wear

[10] 3k &h, 2= VR4, 45 5T EDEM AYRD 50 A1 3B )2 5 #4 T71 evaluation method based on regression analysis of multiple TBM

HEEH R IES ST [T].
2212-2220.
ZHANG J X, LI B, JIANG Y S, et al. Wear characteristics of

w4+ TR, 2024, 46 (10) .

engineering data [ J]. China mechanical engineering, 2021, 32
(11) :1370-1376.



