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Simulation Analysis on Boring Parameters of EPB Shield in Complex Strata
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Abstract: The simulation and prediction of shield boring parameters in complex strata are still in weak positions. The
boring performance of EPB shields in the complex strata in Dashi-Hanxi running tunnel on No. 3 line of Guangzhou Met-
ro is simulated and analyzed by means of Terzaghi loose soil pressure model and CSM model. The simulation results co-
incide with the actual boring performance, except that there are great differences between the simulated thrust and torque
values and the measured values when boring in hard rocks with 20 mm/r penetration rate. The causes for the differences
are analyzed. The thrust and torque when boring in complex ground with soft and hard rocks are calculated. The simula-
tion results show that the simulated total thrust and torque are within the range of the measured values. The effectiveness
of the mentioned simulation and calculation method is verified.
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Geological profile of Dashi-Hanxi shield-bored tunnel
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Fig. 2 Geological profile of Licun fracture zone
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Table 1 Characteristics of mixed ground to south of Licun fracture zone
AR HZ 5 S A LEA JBH/m A HRE
(1) ATHEL 0.5~4.2 L
(3-2) PR 1.2~6.0 E AN AN P RO Y —
EHITES 4-1 b e o 0.4~7.8 WERE b o R AR
(Q (4-2) AR IR 12 0.4~5.4 S3AT T RLIEIRTR ; 5 AR
(4-3) B 0.4~5.4 B PR L P PR o F, 20T TR e OB 5 T AR
(52-2) REakiL 1.0~1.4 FERBBEFEL WK G A IR, O MR ECE
(6Z-2) Ra a2 1.2~19.5 R G AL T, 2 IR B AR, 38K B AL A A , o T
HER (7Z-2) REE BRI 0.2 ~45.6 S R BK B, VRS
(K) (82-2) A AT AL 1.0~27.8 FTIRIE - 8, B APUEMER 7.0 ~70.6 MPa, VR H &
(92-2) RE A 1.0~24.1 FTEUE BEE, S A BRI R 6 ~ 106 MPa, i VIZ H &
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Fig. 5 Single disc cutters
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Fig. 3  Structure of cutter head and picture of cutter head with
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disc cutters Fig. 6 Face scrapers
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Fig. 7 Contour scrapers
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Table 2 Physical parameters of soft ground

2 A 3 SRS . SR/ KPa b
SKE/ % W E/ (g/em’) i J1/MPa WEEE A/ (°)
(52 -2) 11.5 ~41.6 1.63 ~2.08 10 ~50.6 6.4 ~32.9 350 ~400 16 ~38
(6Z-2) 14.7 ~38.5 1.73 ~2.058 4.9 ~64 10.0~34.1 350 ~400 25 ~55
(12 -2) 9.50 ~33.3 1.72 ~1.98 3.0~82 10.8 ~52.8 500 55 ~95
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Table 3  Shield boring parameters in soft ground
f78=3 B/ (mm/min) B/ (r/min)  JJEHME/ (KN - m) MHES/KN HAE/ (mm/t) + JE A1/ MPa
1265 59 1.81 2945 9359 32.60 0. 080
1272 49 1.76 2736 12 740 27.84 0. 084
1274 34 1.80 1957 11574 18.89 0.056
1282 70 1.78 3116 12172 39.33 0.080
1284 25 1.72 2584 11 956 14.53 0. 085
1286 28 1.75 2831 9241 16. 00 0.079
1288 47 1.70 2 969 10182 27.65 0.075
1296 61 1.81 3002 11731 33.70 0. 098
1298 78 1.77 21755 10231 44.07 0.117
1300 71 1.76 3135 11103 40.34 0.100
1310 84 1.74 2 869 12 995 48.28 0.091
1312 74 1.74 2299 9 467 42.53 0. 106
1314 77 1.74 2584 11633 44.25 0.092
1322 74 1.77 2432 11 368 41.81 0. 088
1324 32 1.79 2375 11878 17.88 0.100
1326 62 1.75 2603 11280 35.43 0.093
1328 55 1.67 2 565 12 377 32.93 0. 097
1330 73 1.80 2755 10 564 40. 56 0. 098
SEEME 59 1.76 2 695 11214 33.26 0.090
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Fig. 8 Effective thrust force and cutter head torque in soft ground
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Fig. 9 Correlation between effective thrust force and penetration

rate when boring in soft ground
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Table 4 Physical parameters and thickness of soft soil used for calculation

HZERE HEL KREE/ (g/em®)  LEEI1/kPa WA/ () +ZEE/m ARUEIES
(52-2) T EEE+ 1.90 28.00 24.00 8.00 0.59
(6Z-2) WRE+ 1.95 28.00 24.00 24.00 0.59

T #IEME S R k=1 -sin 6,

PRS2 B R R (AR R E M E) N
5 483 kN, il B JJEEF-¥ 4 HsBH 07 2 790 kN( L3R 3, B
£ FEAE 0. 09 MPa, J] ST FUE 31 m” 115 ) K& B
HRi 1 1285 kN( AR 5 JERAL , BOP4{E) 15 210
JRSHHES BRRAUE (9 58 kN) o 5 —Br KPR 1H o,
PbAs, HZE{EDY 613 kN, iR N 6.9%

BT EAS B 7] A AR E O & UTH) 4k s B
J1%E) 29 2 683 kN - m( {45 J) BRI G £ 8 T 3 (1 BE 4
BHLJJ%E 1220 kN - m, JJ#FF DAL DI H i + B BB )
FE 843 kN - m, JJRHAMI > (L NBEHE IR B
PR AR mSMU) B 52 BBH 1 HZ A 620 kN - m,
SR 45% 31% \24% ) o 5—Br&EUAE(HE o, I
B, HEMEN257kN - m,iZ#%E K 10.6% ,

H B3R A el LIS e 1) 2T Terzaghi #2311 Jk
JIRES R EII 4 F ShHE D AR shl AR RUE S B
SEPME B — Br & P a TR EAR B, R ZE BN T

11% 3 R TAEFR 2 2) BT B E s —Hree il & 1t
BAH(a, & a,) AT RAERIZ T EAR S NHR S 1= o iR
RS TR SR S E, AT TR R L
B I AR L T 2
4 EEMBEHBENEHZRISSH—F
Fr AR
4.1 Em¥iE

7% X 11 JE Ry e A B A LA W7 3RS R BT A e i e
FATRESD, A 6 BB i i B 5 & =80 MPa fH JX,
6 - WAL G E AR, FER NV ~ VI, e
Yl A LRR IR 27% ~85% , e KRBT IR 5%
B2 113 MPa, 5K 185 m, JEMTE I BEREAS 3R]
BT SO S 2E

HU/=4% ZDK16 +614 ~ +660 o ffi] , HSzbrif 5
RS,

x5 BEHWERESH

Table 5 Boring parameters in hard rock strata

= B/ (mm/min) ¥/ (r/min) JIEAFE/ (kN « m) SAE/KN BEAJE/ (mm/1) J& i 1 /kN
483 23 1.70 2570 11 466 13.53 1245
486 53 1.70 2950 11 760 31.18 1254
489 50 1.70 2 850 12 250 29.41 784
492 10 1.70 1330 8330 5.88 2009
495 13 1.71 1560 10 388 7.60 1568
498 15 1.65 1560 11 564 9.09 1 450
501 38 1.70 2030 11 858 22.35 1 000
504 17 1.67 1630 11 642 10.18 1401
507 26 1.71 2320 11 642 15.20 1 000
510 42 1.61 2380 11 956 26.09 1137

4.2 CSM BB ES S5
4.2.1 WASE

iz J1] CSM AR5 T] B B T I B 03, 7 B
WMAJTRSEIREN R ENNBESR(ERES
BEIERZ ) FIE A S H

D) JIRZ%. ®I1¥4EH 216 mm, JIRFEE H 20
mm, JJSRIE S0 A7 RN 0. 1,

2)AOSH RBBERMF, A0 PR BTE %y
80 MPa = 3 B A5, A 1 BT IR 5 Dy 110 MPa o

ABTHIR B A A R T R R B Y 1710 T

) VAN BESE . BRICAERR,
4.2.2 BHPUESABUEN Lot

FERE A A A R A L BOR R A B A, Se 43 it
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Fig. 11  Correlation between simulated rock breaking resistance
and effective thrust force when boring in hard rock strata

(according to ring number)
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Fig. 12 Correlation between simulated rock breaking resistance
and effective torque when boring in hard rock strata (ac-

cording to ring number)
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Fig. 13  Correlation between simulated rock breaking resistance
and effective thrust when boring in hard rock strata ( ac-
cording to penetration rate)
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Fig. 14  Correlation between simulated rock breaking resistance
and effective torque when boring in hard rock strata (ac-
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Table 6 Thrust differences and torque differences under low

penetration rates

TABE/ (mm/1) HES12/kN HiFEZ/ (kN - m)
5.88 -949 86
7.60 912 18
9.09 1731 -230
10.18 1544 -337
13.53 685 74
15.20 743 -432

% B AR B RAE R, BIFRER 6 5 | TgHE 3t
BHA S TR A F9ME, 9 2 F39{E 0 1 123 kN,
MR IERE S, HPEHN - 181kN - m, S22
SRR RS R EE R 7 (1 062 kN) ELBHEI .

AR TR (P >20 mm/r) 853150
A CSM B AR 5 B2 2% 15 T BB HUE B 22 (5 I
x7o

FT BREANEERTHENESHEE
Table 7 Thrust differences and torque differences under high pen-

etration rates

HARE/(mm/r) )1 2/kN A2/ (kN - m)
22.35 2720 ~734
26.09 2279 -769
29.41 2603 -630
31.18 1483 -705
P 2271 -709

&6 fik7 aLEH: OERTAERBLT,
125 SR RE A N2 (R EE#E ) (1 062 kN) A2
BK,WE2EEN 2271 -1 062 =1209 kN, SHHrE:
JRE . TEMOTET , W1 B2 B T OT 423 A3 R
B ¥ SRR J7 38 I B ; 75 ~F O X
BRIt Ak TR, AR
I T2 T A L A A B BRI T 4 =
AR AT PECHE S BN (TR 2 S B R AR X e A
B AEHOTRSCE 89 H G R DB, U BERE T RE
Bobn) s TERm BEAREWLT, AR RITIEREMK,
TR [ BAZ R AR/, JE PR BE SR T 38 K S 3 ¥
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Table 8 Simulated average thrust forces of disc cutters

B&M FAE/(mm/1) SERRE /KN

5.88 186

7.60 203

9.00 215

Vil =

RBEAE BRE 10.18 3
13.53 245

15.20 254

22.35 209

N 26.09 219
= A KR 20,34 27
31.18 231

5 HEREMERE#—I FFE#EN
5.1 EriEE

AW 2 )5 (2R YDK16 +640 ~ +710) , %
HF S T EHNP RS S, B2 - BRULIRE
AR TERE , SRR, T S KR, SEPRE
BEEBCh . WS 13720 ~ 17 642 kN, #EFE# FE 10 ~ 20
mm/min, J] L FERH 1.7 ~1.8r/min, J] #1330 ~
2280kN - m; -6 E# 4 0.1 ~0. 14 MPa,

SCER[15] 45 T 7R B BRI 3 S BT B
WA ZEBOEAUE , AR 22 B 2R SRR 9, B
I SR ABEREELWLE 15,

R BKETHMEREKSH

B2 8 Al LR . OFER REBEFM T, RIITF
WA A R/ TR T) MR 7K 7 (250
kN) , 3% 5z bR BRI #E4r B i B S5 7 =X (RILIE
WES) Y G ; Qi TREEFEERIINAZRT],
[ERTIW T BB INR, B AR AR AR, 1R BT FE
MK @BBUIEIR T) K S (250kN) (1 75% BUE . I
B REREASAMSER AR 6 mm/r KIRES A
FIEE AR 18 mm/r,

4.2.3 FHR CSM R R M HE AL WA &

DZEU Tt AR SN MHEXRD
TR, AR E A AR E SR A . L
HFARAE: AROH A A BRPUERE R 80 ~
113 MPa; = A AHIPRE IR, AT R THAR
ik B TEX AAFIZAEREmMI, A0RE
R WXTR T A BERRARE W (AR B M E AR
B RN 27% ~85% ) . XA ATREIEIRAN T RS
AFE RN, CSM B i EZE R B IE R BT A
HATBIE

£=1.0+ (100 - RQD) /150(f, <110 MPa) ;
£=1.0+ (100 - RQD) /75(f, =110 MPa) ,
K fARABEBIEREG ROD HAEAREIR; /.,
BT R EE

2) T B S B T) T SR R T B R AR L,

B WR T R,

Table 9  Boring parameters in complex ground with soft and hard rock

#a B/ L2351 V4 SAHED]/ TARE/
~ ( mm/min) (r/min) kN (mm/T)
489 17 1.75 19 600 9.71
490 16 1.75 19 600 9.14
491 13 1.75 13720 7.43
492 13 1.75 13720 7.43
493 8 1.75 13720 4.57
494 8 1.75 14 700 4.57
495 8 1.75 13720 4.57
496 8 1.75 13720 4.57
497 12 1.75 13720 6.86
498 17 1.75 13720 9.71
5 oot S 12
22 000 Py
— 10
19 000 \3\\ Ve . =
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£216 000 \ "\ e 6 S
! \ N a2
57 ) S — T D S — e 4 L(\/
13 000} e
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Fig. 15 Correlation between total thrust force and penetration rate
when boring in complex ground with soft and hard rock

( according to ring number)
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