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Numerical simulation of single shield TBM cutterhead excavation in urban rail transit

WU Yujia()1 , ZHAN Jinwu', ZHENG Jinxi*, SHAO Shun’ an’, LIU Guo', YANG ChiyuI
(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Testing Center of Construction Engineering Quality Co., Ltd., Fuzhou 350118, China)

Abstract; Based on the measured data of Fuzhou Binhai Expressway, the finite element software was used to
numerically simulate the cutterhead excavation. The force analysis of the cutterhead was carried out under
different excavation speeds and torques. Analysis shows that the harder the rock, the lower the excavation
speed of the cutterhead, and the higher the torque and rotation speed of the cutterhead; as the pole diameter
increases, the average stress value of the cutter shaft gradually increases, and the average stress of the cutter
head increases first and then decreases. The cutter shaft and the middle position of the cutter head with larger
pole diameters are prone to damage; during the initial stage of the cutterhead, it is susceptible to impact
loads, resulting in high stress values. Subsequently, the stress gradually decreases and eventually stabilizes.

Keywords: TBM tunnel; cutterhead breaking rock; excavation speed; cutterhead torque; finite element
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Fig.2 Statistical chart of cutterhead torque under various types of surrounding rocks
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Fig.7 Rock equivalent strain diagram under different excavation speeds
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Fig.8 Equivalent plastic strain map of rock with excavation speed of 24mm/min

ME 9 AIAEH,11,12.19.20.31 fil 32 5i&
15 ] B4 ik BT AL Y 1 6.8,17 19,23 24
MPa, i T 71 5% W46 98 32E , 2% 4> 057 B 1 v ) 55
R, ISR T 48 5 2 A W b b 1) o o i 2, 24
HRPERFRITE 0~3 s BF, 11,12 S JI4b R 1L
40,19 .20 SHIKF] 7~8 MPa, 31,32 SAb I /1
18K B 23 ~ 24 MPa, ILHHE JEFE B 40/N, JT
FEAALE RN AR B BN AT TR A H]

HEBIN 3~5 s B 11,12 S ITTALN J)foRIg K
#5759 MPa, 19 20 ‘514K 5] 88 82 MPa,31 5 |
32 SHEKF] 69 72 MPa, LA FE 5 T] # 4k S8 0E
WIIT e A B2 g g, 5~6 s i, J14%
FTTRIAR R ) AR E 11 ,12,19,20 .31 Fil 32
SR TR F7 53 3HE 58 160,89 .84 .71 .65 MPa i1
BBl N R 3l I i TR ] B A A I A
IRB T AR FREE | Bl PR T 7,



553 3]

BEWF, 25 T PLE S AP E TBM ) 4 2B AU 251

AR, S BOHR TT 8 ) 5 3 E R gl 1
L
60

N 3 /MPa
Do w = al
S &8 & 3

—
(e
T

(b) JIFEN
B9 TJI& TI%hMR 1R 18] G A2 B 2

Fig.9 Stress-time history curve of cutterhead and
cutter shaft

AR AR T B9 T8 T RhAk 5 (B
PR B AR B PSS iR OKAE, Ak 3 PR

HIZ% 3 RIH, BEE TR TIRAR RS R IR T] 2 2
EVElR (i pal R SN RUR RSB PN UL
Sabv ety O I3, DA AR R T B e RAE LA R, A
TIFEAL Y I 31 PR R R AP AR 2 e T £
AL LE 1920 S AL TN S fok, i T T8
(IS A B IR T Gead Tl A% i 25 T 864, T3S
SRR 1R HLTREIRC ] B 4 T 5 AL 1 g
BN DR, I R £ B e )R /N AR
ke, srixh A AR A B AL B T35 T30
TP E S R R AR R R, AR AR/ N T 31 RHR T 45
Z AR TITER N AR, ) FE0 ) -2
{ERIER KA R T TR AL R AR KT 31 BHE D)
B A2 TR N A HL A S 8 B
Xt )8 BRI BB R SRR BRI N SRR LA

XFIZIXIBIRE T AN TIRE R i b B 77 97 4k 5] Ak
PG IR I O, 4 T R B R, 7 )
55 7 A i X SRS AR R (AN B
IR TIEFFRRRAL, CURA A T B0 7 3401
SN RN EAE S VA= v I DAL VN O A B N
TIIHR SR IR BE 355 MPa, Al 22481k

x3 FARRNVLENEFTHHER
Tab.3 Load distribution at different positions of

rolling cutters

MPa
FHIfE NI
(A&
DAL : Vi RPAE 91 BRI L ) Rk A
11 6.52 16.89 22.16 61.29
12 7.25 22.05 20.23 77.47
19 11.80 26.94 52.73 92.35
20 16.07 24.57 49.74 95.03
31 16.36 22.58 54.00 81.86
32 24.89 13.84 74.29 71.41

WIS SARERE ) AR N DO VA VA Ko
MIEFRE A A5 T B2 R 5 5= R fE
1) e A 2, ROk 7 2 07 T 4 v B4 1 b % T
FrE AR A L, G T B AR R R
PR G M) TR B 3 0 T T ) B AR AS A
AR AR B RS /D T 4 B, 6T AM T
B W5 A ST TR B 1k B NEUE
REHLZE S R BU T S TR % S S T2 R 52
M), LSRR P 3885 4 2, T %o I ) T 472 4 i 110
A G PR R ] i) S T B b 2 B TR 1
I FERS R W HESE SR, 0 B U0 E 3 L)
BEARR, JE 44 1T BB A TR, 7 S B TR g S i)
A T ) A A
4.2 AETNEFHETTNEN R T5H

TR TR TE R BH ) 32 B R R TR ik
(), PR S R INAE 25 AR ) L kA% 2 ) £
e VSRS AT T BEAEAS R R 10 7 g g AR 1
o IR I BR A TES A B LT S5
Pl T3 /TR RS W e R V| L = N
(5400 kN - m) FiE T rf &5 3 FH (4 %6 546 (3 400
kN - m) EIEMRIES MR IINS % M iR )
SRR S M, % 1 53] 45 St /3



252 R B TR 4

$23 %

REFAEAE, 287 =LA E 10 Bz, o3 A 00
TV SRR BIRA 0

E 10 JIEHEMEERNEE
Fig.10 Model of torque applied to cutterhead

S, Mises
(F19: 75%)
+2.411e+00
+2.211e+00
+2.011e+00
+1.811e+00
+1.610e+00
+1.410e+00

+8.097e-01
+6.096e-01
+4.094e-01
+2.092¢-01
+9.044¢-03

S, Mises
(F19:75%)
+3.369e+00
+3.090e+00
+2.811e+00
+2.531e+00
+2.252¢+00
+1.973e+00
+1.694e+00
+1.415e+00
+1.135e+00
+8.563¢-01
+5.771e-01
+2.979%-01

+1.872e-02

(c) #:Hk 5 400 KNem JJ 4553 )y K]

U, Magnitude

U, Magnitude

& 11 N%EE 3 400 F115 400 kN « m B 1) J] 4%
VAL AEN

A 11 AL LTRSS, Al e g it
Gtk B, St R D AR G b 2B et
K320 0.01 71, W ) S ARt IS 5 e FE b g —
3 A B ) A Fe KA RS R K 7, 36 4 AN IH]
TIEEIEAE N RS 5 N %) LB

+1.03%-03
+9.528e-04
+8.662e-04
+7.796e-04
+6.929¢-04
+6.063e-04
+5.197e-04
+4.331e-04
+3.465¢-04

+9.921e-04
+9.094e-04
+8.267e-04
+7.441e-04
+6.614e-04
+5.787e-04
+4.960e-04
+4.134e-04
+3.307e-04
+2.480e-04
+1.653e-04
+8.267e-05

+0.000e+00

(d) #5549 5 400 KNem JJ#45 JE K]

11 %%4E25 3400 kN - m F1 5 400 kN - m B R T1 82 5 1 R 25 (&
Fig.11 Stress-strain diagrams of cutterhead at torques of 3 400 kN - m and 5 400 kN - m

R4 ARETIEFEE TGRSR A3 LR
Tab.4 Comparison data of displacement and stress

under different cutterhead torques

T 4 ﬁi@/um v 71/ MPa
(N -my K BN CFHORK RN FH

LS O - O S

3 400 2.181 0.828 1.236 5.453 2.287 3.687
5 400 2.695 0.979 1.412 6.366 2.801 3.914

H135 4 Al A, JIEEREEI O, JT R ) 5 07
M AE e KAH e/ IME LA LA {E B3R, ) 4K
S NOIEDA I (EWAE =R s S PN VRS g VPR ]
AR IEH it nl 3232 (G, JLT- X 0 #EA 2
AR

TEBL A GET ) A2 B A0 ) S R 4 2R
FLAih b A AR AL 2 B 25 515 B3 S B 0




55 3 4 B, 5 i Bl

N

W ERAPE TBM ] 854 1

iR AIER S 253

AR — 2 BRI T A R HILIE Sy R R 1 R
LSRR BBl HAR/N TS ML RUE $HE 7 MR

5 4ig

1) J) B 5 ot 1 R FUOC R HL R
A AR R AR N, A T B G DRI R
JEE (R B T 3k 8 T R PR AE (R [ o A R 1Y I 4
I E 2 A M T A T R
A Ao AN VBT A 0 A S EE ) DRI A E £ ) 4 Y R
RHLEE TR ] i BE R T B

2) JIEE AR A S R b, B AR R R, )
CHINPIR SSIIERIIE SN ERESL T PNAE A L))

S

PRI IR AL 2 B SE 1 5 el N ) e A E
T R A ) 52 BRI 7 R AR AR KA ] A Ak
ﬂlﬂﬁﬁﬂl‘l&ﬂﬁﬁ o7 % Bk %o i DX IR T Ah 70 3 25

FrprRH SR AL BE, 75 7] 325 5y 7 A BB FE B
uﬁﬂné’ﬁﬁ Tl AR B ARG, AT 2 1k
TITLTFERNREL

3) IR R B, BB TR T1 AR 5 52 B oh
i far 3, HR IR, B ) SRS 4t 7R T
IR BRI N, B BEE R TT R A
PR JTEE RN 188 TAEE , e R R 2 AE 45 MPa /&
A G/NF I 335 MPa (VR I ), 45 R AT &
SREEEDR

[1] HASANPOUR R,SCHMITT J,0ZCELIK Y et al. Examining the effect of adverse geological conditions on jamming of a sin-

gle shielded TBM in Uluabat tunnel using numerical modeling[ J]. Journal of Rock Mechanics and Geotechnical Engineer-

ing,2017,9(6) : 1112-1122.

[2] CUI J,XU W H,FANG Y ,et al. Performance of slurry shield tunnelling in mixed strata based on field measurement and nu-
merical simulation[ J]. Advances in Materials Science and Engineering ,2020,2020 :6785260.
[3] LI T,ZHANG Z Y,JIA C T,et al. Investigating the cutting force of disc cutter in multi—cutter rotary cutting of sandstone ;

simulations and experiments[ J]. International Journal of Rock Mechanics and Mining Sciences,2022,152:105069.

(4] AERH, 3875, W], 55, G M2 2P A T SRS )] B BoR 5 T, 2023,23(9) :3956-3965.

[5] PhSCiks, EEH oy

XUHESE A JET KRB TBM T8 DIH L RETINBETE [ )], HLbiiT,2022,39(6) :58-65.

(6] m*,éﬁ%,i(ﬂ%%,ﬁ BTN T2 4 AT R 22 ] IR (B ) A MU AL A 22 2 Pl 2 M0 A BT IR (],

A N5 TREER,2023,42(6) £ 1405-1420.

(7] SRAERF, FoRk, XK, A8, — Rl ) B4 dhd AR ER L Sk (]
( VN, B, A R AN X MR X AL ) 32 1 SOk S e M ()] BheR R 5 TR, 2022,22(25) ¢

8] R4
11163-11169.

N F125254%,2024(6) < 1-10.

(O] BN, Bk [ A 2. 240 1R TG AL ) B R sz TR A [ 0] BRIE AR (PP 9E30) ,2018,38(11) : 1895

—-1902.

(REHRE: KE)



