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Abstract; During the launching and receiving phases of shield tunneling, as well as during the traversal of building pile
foundations, the shield cutter is required to cut through heterogeneous composite materials like reinforced concrete. This
process often leads to technical challenges including cutterhead chipping, accelerated wear, and steel bar-induced
clogging of the screw conveyor, which ultimately compromises tunneling efficiency. To explore the influence of internal
steel bars on the dynamic failure process of concrete structures and the cutting force of the cutterhead during the cutting

process, a coupling method combining the discrete element-based particle flow program and continuum mechanics was
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adopted to study the dynamic failure process of the cutterhead cutting reinforced concrete. Firstly, the contact parameters

for the simulated steel bars and concrete materials were calibrated, and a coupling simulation analysis model of the

cutterhead cutting reinforced concrete was established. The variation laws of the cutting force of the C-type ( single-sided

blade) and the F-type ( double-sided blade) were studied under different cutting depths and cutter spacings when cutting

concrete and reinforced concrete respectively. The results showed that when the F-type tool cuts concrete, the

relationship between the cutting depth and the cutting force could be fitted using the arctangent function, and the cutting

force was less affected by the tool spacing; when cutting reinforced concrete, the average cutting force was

approximately 5 to 7 times higher than that for plain concrete. The F-type tool exhibited a stronger pulling effect on the

reinforcing bars, but the average cutting force of the C-type tool was approximately 21% to 39% higher than that of the

F-type tool.
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Fig.1 Elevation view of the positional relationship between
shield tunnel and bridge pile foundations
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Fig.2 Stress-strain curves of concrete obtained by
numerical calibration tests
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Table 2 Mesoscopic parameters of rebar in PFC*”
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Fig.17 The damage of F-type tool to reinforced concrete
under different cutter spaces
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Fig.18 The cutting force of F-type tool under different cutter spaces
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Fig.19 End stress variation of steel bars in reinforced concrete
during cutting with F-type tool under different cutter spaces



40 BBSET LT L4

2026 4%

4.3 TIE7TIEFYIE] 1 B9 B NG

AR VIR B 2540 F , C BUE w71 T] BT H|
BIREE B BB AN 20 B, 5 F &L T E
Pk B, — & X BE R X 22 R A8 B3
PE—2E BT A 120 mm VIR 15 mm 1 T,
S3AT PRl T EL 6 B9 A 0 R IR SRR AR ] 21 FiOR
AJ L F ROUUE ) B RE R A A o2 4 U I, {HL I8 E Ak
PRS2 BT 2 R v 77 7 B B4 4 A
BN, ARG AN Sy A TR F R
YERITS S, 5 S, 5l oA it 19 7 1 7 068 5 ki =5
CRIJI A,

(a) 6 mm (b) 10 mm
B 20 RIEIDIHIRET , C 24 ] B X B A 1R 5 IR s 4

Fig.20 The damage of C-type tool to reinforced concrete
under different cutting depths
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Fig.22 Cutting forces and internal peak stress at reinforcing
bar ends of two tools under different cutting depths

i FIAETE K B, TRBE L P B AN 2 A 4 D
HATHN 1 BESRBE ) 25N, AT B AE s
JT R E %R EE - 0 39 B I, 58 i e Y
T AR L DA BRI BE L A P/, S A A 58
S UIWTHT , AR IH A7 AEFRAR BN Ty | W (BT I )
AT NN o XT3 B0 ) A% 336 25 E AR DA b %o
BESE ) TR AT AERE

5 #ib

AW T B HOTHIG 2 B 15 07k R
JH PEC {5k 7 2 7 1 FLAC™ R R 55 1 & #6) 7]
FLYUI IR BE RN Al TR EE 1 10 J) 2= LB, X DT I
SRR R YT A N RN T RS AT T 0T
S T3 LB R A5 [ R X ) ) A s
XFFEH— L IRARDT . ARG RI LU 458,

(1) JJ I BE 5 ma Ve 268 = D) o A b e S T 7S
S5O R, EiE B IR RAE T, g
BUATR B R TR EE + 0% 8 B i IR 5 I (E YT HI T
B, DRk, Y I B YIR R 10 mm B, X}



F8EW LM ke A AT R HOT-E S BUAN A G 1 T B D) TR EE L 2L B 41

T F RUOWE 7] 7] 2 @] R R 120 mm, DLSEE
B R S UTHIRCE

(2) TRLRE - PN 300 ) 8 797 2 3 B VT ) 7 R SR
) FZEH R VIH T BB R VT R IR S L3 m 5~7
5, A ) 22T U] ) i g & 3, C A
JIE) I 5 R e s p B  BE e F AL T) AL
B2y 21% ~39% .,

(3) 54 7587 V9 i F18) 0L ) D (L 32 22 52 VDR i, 52
JJ B FE 52 me 50N FE AR [R] T R BE A8 /N UD R S5
,C R 7] 5 F RS 71 % 99 A TR e 1 00 %
SR 25 22 S AN WA B {5 F Y ) 54K A7 i
AT Oy 35, I W AR B ) A8 s L B oA
[HEST

SE Ik :

[1] BRLIR. Wi T 58 TR IS SHEOR[T]. MW
A AS AT, 2018, 21(11): 7, 20.
QIAN Qihu. New theory and technology of urban
underground crossing engineering [ J ]. Urban Mass
Transit, 2018, 21(11): 7, 20.
TR, BRHGER, AR . B DX BRI 1 2 B ik
AISLASAIIREm 3 Hr [ 7], #UF 25 (1) 5 TR =40, 2016,
12(3) . 769-775.
XU Changjie, CHEN Qizhi, REN Lingyun. Influence of

[2

(am

shield crossing tunnels in soft soil area on city overpass
[ J]. Chinese Journal of Underground Space and
Engineering, 2016, 12(3) . 769-775.

[3]LIUB, LI T, HAN Y H, et al. DEM-continuum
mechanics coupling simulation of cutting reinforced
concrete pile by shield machine [ J ].
Geotechnics, 2022, 152. 105036.

[4] LIT, LIU B, HAN Y H, et al. Structural analysis of

Computers and

shield machine cutting monopile using p-y curve based
finite element method [ J]. Computers and Geotechnics,
2023, 161; 105605.
[5] s, 28w, BN, & FEREBENH TS
BRI RCR [T]. WL R 274 (T4 ), 2021,
55(2): 330-337.
CUI Yunliang, LI Zhiyuan, WEI Gang, et al. Pre-
protection effect of underground comprehensive pipe
gallery over proposed tunnel [ J]. Journal of Zhejiang
University ( Engineering Science ), 2021, 55(2):. 330-
337.
X, Etd, X, 4. 3T Hoek-Brown 3B S5
PR B ER BRI T 2 WRAT AR B v L KR Ar [ T ] N Al
TR, 2023, 31(5) : 1205-1218.
LIU Ping, WANG Hongtao, LIU Quansheng, et al.

[6

[

Upper limit analysis of tunnel collapse under existing pipe
gallery based on Hoek-Brown strength parameter [ J ].
Journal of Basic Science and Engineering, 2023, 31(5) .
1205-1218.

MR . JE R IE T 0 A B i 8 K (E M B B X
FE[]. PETECLRE, 2019(2) : 93-96.

YANG Junlong. Numerical analysis & field test research of

—
3
[

shield tunnel underpass civil defense passageway [ J].
China Municipal Engineering, 2019(2) : 93-96.

[8] LIANG R Z, XIA T D, HONG Y, et al. Effects of
above-crossing tunnelling on the existing shield tunnels
[J]. Tunnelling and Underground Space Technology,
2016, 58 159-176.

[9] LIN X T, ZENG H, WANG X T, et al. Super-large-
diameter shield tunnel undercrossing an intercity railway
with oblique angle: centrifuge test and numerical analysis
[T]. Journal of Rock Mechanics and Geotechnical
Engineering, 2025, 17(5) ; 2741-2757.

[10] M, B, Feilg, . MZBOr G TBM %

B AR E T [T]. BERe S TR
iRk, 2026, 23(1) : 208-222.
TAN Junkun, YIN Aiguo, QIAO Shifan, et al.
Deformation law of double shield TBM tunnel on curved
sections passing through existing tunnels[ J]. Journal of
Railway Science and Engineering, 2026, 23(1). 208-
222.

C11] XU, 2Rk, ShZHE. Sy bR 25 18] ) 1 % i 20 i T

FEWFFELRIR[T]. i THAR (Fh3E30) |, 2024, 53(17) -
35-46.
LIU Bo, LI Ting, HAN Yanhui. Review of research on
shield tunnel crossing engineering in urban underground
spaces [ J]. Construction Technology, 2024, 53 (17) .
35-46.

(12] Bemn. 520800~ R a0 s s [ 1], @ HIHLAK
1k, 2011, 32(10): 89-91.

TENG Li. Experimental studies on shield through
underground obstacles[ J|. Construction Mechanization,
2011, 32(10) ; 89-91.

[13] EK, RR%E, @50, % 50 EHEDIHR AR A
REELAE LTI TE[T]. A A 55 TR,
2013, 32(12) ; 2566-2574.

WANG Fei, YUAN Dajun, DONG Chaowen, et al.
Test study of shield cutting large-diameter reinforced
concrete piles directly [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 32(12) : 2566-2574.

[14] E&, ZR%E, HEHSC, 5. JEH EHEDIHIC B AR
BT HEECEMFE[T]. HAR TR, 2013, 46(12) .
127-135.



42

BBSET LT L4

2026 4%

[15]

[16]

[17

[

[18

[

[19]

[20]

WANG Fei, YUAN Dajun, DONG Chaowen, etal.
Study on cutter configuration for directly shield cutting of
large-diameter piles [ J |. China Civil
Journal, 2013, 46(12) . 127-135.
BRZE, FX, B, . EHYIEIR B AT EE
HERLH R T BT T ], A e, 2016, 29
(3): 89-97.

YUAN Dajun, WANG Fei, DONG Chaowen, et al.

Study on new-style cutter for shield cutting large-

Engineering

diameter reinforced concrete pile [ J ]. China Journal of
Highway and Transport, 2016, 29(3) . 89-97.

FRBIAR, SRS, FEOAME. 5 F9 B H DI AL S T ¢ B
FAR[T]. BB (FRHESC), 2019, 39(10): 1666-
1677.

DU Chuangdong, ZHANG Jie, TANG Zongxiong. Key
technologies of shield direct cutting pile foundation[J].
Tunnel Construction, 2019, 39(10) : 1666-1677.
A0 JE R DI 625 mm =507 VR R A
AATPERTSEL T ] BB B (T ES0) , 2020, 40(12)
1808-1816.
LI Hongbo. Feasibility study on direct cutting of
reinforced concrete pile foundation with ¢25 mm main
reinforced bar by shield[ J]. Tunnel Construction, 2020,
40(12) . 1808-1816.

E, RUWUE, BRES, . E A R RS
BERARBIBFTELT]. A TR AR, 2020, 42(1) : 117-
125.

WANG Zhe, WU Shuwei, YAO Wangjing, et al.
Grinding pile technology of shield tunnels crosssing pile
foundation of existing bridges [ J ]. Chinese Journal of
Geotechnical Engineering, 2020, 42(1) . 117-125.
e, AR, TN, S SR OIRE R R b T B A
BBARE ()], AR TR, 2024, 57(S4F) 1) .
59-64.

LI Xinggao, CUI Lunmeng, FANG Yingran, et al.
Research on cutterhead load variation characteristics
during shield cutting pile process [ J ]. China Civil
Engineering Journal, 2024, 57( Suppl.1) : 59-64.

WM, SKkiEt, By, 55 ZURJIVIHIR BE L hEREAH B

[22]

[23]

[24]

VERFEE ARSI M AT 5T [ ] BE a5 T TR 9
Biiif, 2025, 7(2): 21-30.

SHEN Xiang, ZHANG Haibin, DUAN Kai, et al. Study
on interaction mechanism and disturbance effect of multi
disc cutter cutting concrete pile foundation [ J]. Hazard
Control in Tunnelling and Underground Engineering,
2025, 7(2) : 21-30.

MR E, RRZE, K, % W EEYIHIR BRI
HAEEISEIE (1], EAR TR, 2016, 49(10) .
103-109.

CHEN Haifeng, YUAN Dajun, WANG Fei, et al. Study
on shield cutting parameters when cutting big diameter
piles[ J].
(10) : 103-109.

Kok, B, MRE, S R IEIREE LA 7] A
M [T]. HF A S TR AR, 2021, 17(6)
1742-1750.

DU Xin, HUANG Xuemei, HAO Yan, et al. Analysis

China Civil Engineering Journal, 2016, 49

on cutterhead load in shield cutting concrete bridge pile
[T].
Engineering, 2021, 17(6) : 1742-1750.

LIU B, LI T, HAN Y H, et al. The problem of wedge

Chinese Journal of Underground Space and

indenter with flat-rounded bottom indenting half-plane
elastic body [ J].
Mechanics, 2022, 14(3) . 2250010.

R, ZMEM. 3T FEM-DEM #E-4 A 5 A4 38 3 S50
XVR T AW i R B ORI SE [ 7] B
JEHA, 2025, 62(1) ; 147-156.

MU Zheng, LI Fulin. Study on the effect of shield

tunnelling parameters on

International Journal of Applied

cutting performance of
reinforced concrete based on FEM-DEM coupling method
[J]. Modern Tunnelling Technology, 2025, 62 (1):
147-156.

HENTZ S, DAUDEVILLE L, DONZE F V. Discrete
element modeling of a reinforced concrete structure[ J].
Journal of the Mechanical Behavior of Materials, 2009,
19(4) . 249-258.



