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Abstract

The opening ratio of cutter head is a key parameter of cutter head design and is one of the key pa-
rameters to determine whether the shield machine is stable and efficient. On the basis of fully un-

XESIH: TBE. 3T GRS SR S ML TS B &), AR TRE, 2021, 10(1): 12-20.
DOI: 10.12677/hjce.2021.101002


http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2021.101002
https://doi.org/10.12677/hjce.2021.101002
http://www.hanspub.org

EmEE

derstanding the interaction between the cutter head and the excavation surface, the stress-strain
numerical simulation of the triaxial test on the silt soil of a subway is carried out, using the general
CAE software EDEM (Engineering + Discrete Element Method), the discrete element triaxial test
and the numerical simulation of excavation under different opening rate of shield cutter head are
carried out, and the influence of different opening rate on the mass of soil entering the silo is ana-
lyzed, based on the regression analysis, the functional relations of the cutter head opening rate,
the cutter head rotating speed and the efficiency of the soil mass entering the soil chamber on the
excavation face are obtained, when the open ratio of the cutter head is 30%, the discharge of the
open ratio of the cutter head is between 100% and 108%.

Keywords

Earth Pressure Balance Shield, Opening Ratio of Cutter Head, Discrete Element

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B B RTI P A R, BEIE TR W v i i ACIB IS S AR I A RO& AR, T VA e 22 4
PRGSO 3 BN BETE I LA 2073, JE A BETE AR AT 4 [ 2 ML X, B N T AR BRES AN
RS TE TR @ BE[1] [2]. Mo, P E A BAT A AR AR m . @ AR SR
M, TERRIE & BRG] T2 R, & 60%Lh B3], JF ARG I M Im AR b, RIFF R
FERE )RR IN G I S S H, RN R ISR 2 A R T R A AN R 2R . TR 1R TR
TR 5 2 E M E S 4], R TIRIT QR EFAG A LR AN), s e M, &R
MRS EE B, 6 L5 M T T ML @ SR % 4. AR ZEAE T, JTEIT R /ML
RAFR, IR bR, EFBUNRIT DRG] IHZH AR E s EEDIRAES, BUNOIF
F g S Bl R A, 51 et R Bk [4] [5].

JE R AL 0 Tt T < e e R ey TR T 0 5 A B e TR ) AN T i S B AR R S, TS
HEVIMRA TIRIT AR, DU I HE 8 13 B N 3 ) MR eI Ml . A T —FE
HOTEW T ROT 5, AR H R A IRTTsT IR 270 Tk . B HUTiRRIT iGN M 21%A TR,
WEFCARESEVE QI F7 2247 9, Tz N RER LA AR P20 Il B S EonE R E g R e, B4
J iz iE F 2R 2B R RBURLAT it 7L 6]

H AT DA R 0 b 2 JE T TR TE, A SOIRSE B OTIZon J& 2 4 b (0T 1 S AT BB 7, i
170 M 45 R E ML IR 380 e UM ARSI EE N AR R R 2 [8] ) 2k R BEATHIE I

2. EDEM =4hikié

AR SCER X SR R D 2 AR AT =5 R ) - MR HUE U B, SR EDEM (Engineering +
Discrete Element Method)ifi i} CAE #4347 55 #iC = Fl i 36 A1 & A4 T B AN R 10 38R F 325 4 BB AR 0L AT
FE[7] [8]
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AR WU S Ha R (B 0 R BN E,  IMTEE G 1 0RO 55 0 28R TR R 4 Ak B A 40
WIRT A B B, DNt A0 3 32 ol — S BUELRI IR LS B B2, AR IR A5 BURE P ORFR AR O T 7, 3
e e A ) B oL 4 S ORE 1 APL AR AR S, =il B il RS A s S B I 5] 1(b) BT
FESHbr e RE T, B O SRR 5 5UE 45 R AT FUE, i TR A, EEUEAR U i
WIZHL  ARJE X M2 ) B BOT R R B EAT S 4R €

(b) =Hik B AR R B A

Figure 1. Numerical simulation of triaxial test

B 1 =3B ER

SRR SO E R 1R, SR S BIME RE K 2 iR .

Table 1. Material parameters of triaxial test model

= 1 2 REM S

FiA W (kgim®) TR LE JNEEHE £ (mm/min) B (Pa)
Iz 7800 0.3 0.01 7e+10
BRI 2630 0.35 / 1e+06
bRk 1890 0.27 / 4.807e+06

Table 2. Initial setting of triaxial test parameters
2. SRS HYERE

Hefu i fr R A AL BB R UEE T
kL - n#k 5.03 0.02 0.31
R - TR 5.03 0.02 0.31
R - UKL 5.03 0.02 0.31

2.2. =R M IIE
NV ASE 1 0 2B G i S R T e = Ak AR 5k ) B B A o e el AR A 2N
L-L,
Tty
2
A, L ARG EREIKE, Lo NEEGEKE.

E =

)
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2.3. ZHIEER T

T I AN R b R RN S BOE AT, 15 BIEE N 200 kPa SFAF T AR I B ) - AR
4o AR T B = A = BI04 R, IR e ARSI, = S50 B ) - RIAR S5 B 8] ) 5% RFEAT R
b, iRl 2 pros[9] [10].
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Figure 2. Stress-strain relationship curve at confining pressure of 200 kPa
2. ElJE 200 kPa FTRIRI 77 - RI X Rithik
B 2 A7, FEFEIEA 200 kPa 25 T ABEAZE AN S gl S i e FE A ORHF— 5, BT RAnT DAAS H 54U
45 RILAR RS MR S WO 0 L R I S H, U IR 77 AT R W AT I

3. BRI ERERE T

3.1 JLTRBYEE ST

B3 SolidWorks = 4E 8/ F A LI =4k LA AL . W8 A5 T . H AR AR e RSNl = AN
Pe JEWTIEER RS, JIREAN64 M, HMIKENLm, BIFKERN1IOmMm, HEENLm,
TN 0.68 m, NMEEHRIENVEUA N 25°, JE R TR RTG53 508 30%. A1 60%, 40l 3 fian.

(@) JIAEHRTT 12 30% (b) JIEEHEHTF 112 60%

Figure 3. Four cut-rate cutter head models of cutter head (Establelished in SolidWorks)
3. JIERRFERFF 0% 7] A5 (SolidWorks FREEIL)

3.2. Btz RREE

FERA AT AL EE Th R AR BB C IR S M R S A RSN EL A 28 JTRA Ak
BRI AR S, S BOTHI T B S ENA S8 KBRS 805 R E 7 A in & 3~6 P
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Table 3. Soil and shield material parameters

= 3. TiFREATMRISE

e g % JE (kg/m®) THIAE PAPEAR & (MPa) WKL 42 (mm)
T2 M 1890 0.27 12.21 30
JE Q345 7850 0.3 2.1x 105 -
Table 4. Contact parameters of cutter head and soil mass
4. TIBMLTIENZEMESH
FEfhFRAL R R AL RENEGE R B RERH
MR — 1R 5.03 0.02 0.31
kL — kL 5.03 0.02 0.31
WORL — JE Y 0.7 0.001 0.25
Table 5. Simulation parameters
=5 HESH
2R L&A e ER S LA e
CPU %% A 4 X mm 3R
Fi T I 1) 42 s 6.6E—4 175 BLIN [i] h 55
Table 6. Scheme of cutting head technical parameter (The cutting head tunneling speed was 60 mm/min)
= 6. JIBRARSHFR(JIEEHIEE A 60 mm/min)
SEEGZH TIRETF LI 26(E%) JI#E L E (r/min) SEERH TIRETF F126(E%) JI# L E (r/min)
1 30% 1 6 60% 1
2 30% 2 7 60% 2
3 30% 4 8 60% 4
4 30% 6 9 60% 6
5 30% 8 10 60% 8

HAREE  KENL =48 LA SN F] EDEM 2018 1, B H oAb R A 46 4 3 B 35 4 i3t
G 7K b A (AR B D 0.8 m)y R GETE g (Gl Ik i - 77 [ (1 5 7 s R R S A 2 R T
eGP . TEJE R IR RSO AT, 3 T RN b v B ORE T AR B R ) AR, g T
AT R g a2 WL 1] 7 3 A SR, DA G SRS i A 42 4 T 1) 1 2 2R AR [10] . A8 1 B R Tk By
60 mm/min, JJEEEHEN 1 r/min, $EEREE N 10 rimin. 24 HARBURL AR e HLTT B AR, IR BR e
EHLVH AL, fEEJIEH TR, ARG 0 R G MIbRTHE . S & MR 17 m K R T %A, R
P S R I RIRE R RS, AR AR R AR B L ) 2 (R RTEEAS R G0 B B AS P A 1k

FE )l e ) R 5 112]
4. BHRTBETARUGRRSH
4.1, T EHFRLRE S

PAJE A TIAETT 1 220 30% FH e g X 09 1 r/min I i 70 B BE R B 20 A 16 B0 A, 24 E4ULn 1]y 60 s
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B, JE RN A DL ] 4 7R . 7E EDEM Jig A0 B oty A4 Roky 18 B 5 BE e b P, SR B /N 1)
e ARIORL 7R W €, SR v ] B A AAROR SR g, R A AR S R O AL A 18]
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Figure 4. Velocity distribution of soil tank
4. THREEDHIER

HI& 4 TR, RS RIS LN 1 Ak R SORE (3 52 PO, bt B MR e s L HE xR
PR S R0, SARURLR AN LA, RARAS 2 RN - ARORL T 7 AR HEAR I G, AN 27 A
TG, SRt hh R0 AL . SR A AR K 2 O -+ AOBURLE BZ LUK, A RIRFEAIR,
AR ok T et VAV B i S A <0l o 1 A i PO 4 R M i1 i 0N s [N D g A ok PO

4.2. FRTIEFF ORTIZHR ST

TIELTF LR35 30%A0 60% A% J1#: 5638 705129 1 riminy 2 r/min. 4 r/min. 6 r/min A1 8 r/min I,
TIALAZ 0 T AR e N A6 1 A4 R BE R TR AR A 1 5 BT o SR A i AL F ) REAE 10 FPid S —kidk
N RPN B, LR AR BRI 1A (BAAL s),  DAARFRAC RIS 1] A4 E N T A BE R [A] (A8 ke 34 .

2500 T T T T T T T 4500 T T
—=— JJRECHr/min 4000 4 —a— J]EEEH 1r/min
o JIE#EE2r/min o JEEER2rmin
20004 | 4 JygEiETE4r/min 3500 —+— JIGt#Edk4r/min )
—+— JIARE E6r/min —— JJRt e er/min e
— > JJRHEERS8r/min 3000 JjpLEL S min 5
;.‘, 15004 |« g+ +22100% ] e %100% | ]
~ A g 2
ml?nﬂ 1000 - . o
= -
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0 T T
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(2) JIRATIIIT N2 30% (b) JIELBIRL I FI3E 60%
Figure 5. Mass changes at different cutting head opening rate and rotating speed
E 5 TRIVEFOXERFETRELN
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B 5 RIAT,  BF b IR 23R T) B O S ) AR 5T R AR A M 2 A S LB R, BT
FE R R A A2 T AR N AR SRR S LU, 2R B BT O B R AT DA R FE AR E . AN
JIRETE I BN TR T AZ 4 1h] A e N AR ) AR B B AR 2 7 PR .
Table 7. Soil mass and efficiency of excavation surface soil entering the soil chamber under different cutter head opening

rate and rotation speed
= 7. NEITIEFOFRMPLR TSR T AFEN TR A REMYE

JILFF 2% T TfEEAL EAREEAE JJRFOR Tk S S5/ /NS SR B 7] PN o

(&%) (r/min) MMk  ARE(p%) (&%) (r/min) MEIIBE(Kg)  ARRCR (p%)
30 1 1200.1 54.116 60 1 2832.9 127.743
30 2 17132 77.253 60 2 3133 141.276
30 4 2026.3 91.371 60 4 3376.5 152.256
30 6 2272 102.451 60 6 3559.1 160.490
30 8 23437 105.684 60 8 38243 172.449

iz A BNA o Mrxt T2 T E AR HE E AR R R R AT G, BRI R IR 1R L R e
FHCEARA . AR TIRT R T T S 20 AR A RCR Ak & 2k dn ] 6 Fm .

110 T T T T T T T T T T 175 T T T T ]
1059 _407+18x—13x o " ] 170 Ve ]
100 - b o5 y = 1259 + 5.9x / 1
5] R(=098 ] ] , ’// ]
j i R* =0.98 i
90.] . ] 160 /. _
:\0\ 85 — X 155 ' ]
\& 80 " *ﬁm%&*& § \\% 150 ’/'/ ]
ﬁ 757 "/ MEhE | g 145 - BAUESE ]
701 ] " 140 " — WEhgk | ]
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Figure 6. Curve of the relationship between the rotary speed of cutter head and the efficiency of soil entering the soil cham-
ber on the excavation surface under different cutter head opening rates
E 6. TRIVIEFORTIIEEESIZIRE T AFEN A RERRN X Rihik

KA AL, e R AL A N 2 = 7, + ax+by + ox? +dy? + fxy BEAT R0, x AAE
WL TR E . y ARSI AL 2 ARSI AR FORLE N LR RIBCR, TS I BUE L A o i) 28
w8 Fiam.

Table 8. Formula coefficients of mathematical model
8. MFRBNKXAEH

SR 2 a b c d f
HE -74 49 14.3 -0.03 -0.87 0.02
T #a5HE 37 6.6 41 46 2.8 0.6
BEM T T o T o ENTES
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P a=0.05 BEERM thosas =21, WA ERT 2.1 FEHKRIEZEMHBL, RKZARL. HE 5~8 it

fER5, AR RS abed BA R IREE, f REGEA BEM, ArUAIMIF 2R, JIREHE M
FEYRT AR AR M R O RN

7=-T4+4.9x+14.3y—0.03x* —0.87y? )

W, x ARFTIETF O Z (x MBUETE Y 30~75), y AR JJAFH(y FEBUETEE Dy 1~8 rimin), z AEZ

I 7 A RIORE N i O 5CR (B p 1) -
JIETF R IR T AN R IR I S R - Z & 7 B
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Figure 7. Curve of the relationship between the opening rate of cutter head, the rotary speed of cutter head and the efficiency
of soil entering the soil chamber on the excavation surface

7. NEFOR, TIEZFRMITEE T AHEN TN RN X R

B L B 7 S0 R EER /- vl A, BRI — IR DR, BEE IS sgn, JIRy2 48 m gkt
ARSI LR RO fER— RN, B )BT A8,  JIR 4R Ak N AR ) Ak
JRERK . TEESFE )BT L REy, HE R TR A ge =R i P TR I g, LR B+ Kyt )4
I IR, NOEFR T BLAZ 40 U BURLEE N E AR I 80C% N 100%~108% 2 (B B [14]. PRIA J) 36 LE
6~8 rimin Z [AIV)HI & e, IR 2 1H AR T B 41 1R 6 rimin. 7 r/min. 8 r/min, z BUA 5
100 A1 108 ff, X N[ JIRLIF #0149 Fiow

Table 9. The corresponding relationship among the rotary speed, the rate of soil discharge and the rate of opening
. TIEBHERE. HEEMFOENTEXR

B3 (r/min) 2 58 FFOZE©Q B3 (r/min) z ¥l FFOZE©Q
6 100 29.7 6 108 31.8
7 100 28.9 7 108 30.9
8 100 285 8 108 30.6

LR 9 WA JIELEEEA 6 rimin B, JIEETF L RALT 29.7%~31.8% 2 1], JIELFEE N 7 rimin B,
JIETFF 12240 T 28.9%~30.9%; J)#L#5 38 Fy 8 rimin IF,  JJ#EFF 12 4T 28.5%~30.6% 2 [F] . K% & %)
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JIHETF RO REH, P DLERETTRTIT 130 30%. IXFERERE CRUE A A LIZ H 2 rh AN A A T i e AN
BEILR, SCREPRE X L ARREAT 1248 -

5. &

ARSCiEE EDEM B BOTH AT T 1 3BT BB B 7T, FRAH LR 458

1) /44 EDEM B HUTHAF IS A R IR, JEX S OCIREAT AR (85 AR e I, Fi 338 T A
fEHE A RLARFEPAORAS B8 3ETH b s g AT 32 8 4 s A B B R ) Z R)[15].

2) EXP DR SRR T = RGN ) - RS EUE BT FREG, 7R A 200 kPa &R R4
SRR I A SR IR S PR Al R 2 AR B IR VR AT S A IR A AT AT

3) A2 FH R0 VA 43 A et 240 T LAk N AR T R ERL B AT R G, 13 BUANIR] TR 1126 R 4
PR, S G TR VR ) ORI 4 T A N AR BRI R Bk R U
7=-T4+4.9x+14.3y-0.03x* -0.87y* . GiRFKWH: EHE—JIEIF KT, FEE RN, JIiZ
T LA N AR A SR R K PR — IR N, Bl JJATT RGN, 2 SR AR
f AR RO . 5 R B T AR R R T A 6~8 r/min RUZHEiik LN LIRS /7, PR I TT 1 2
(et B R AT 100%~108% 2 18], b i 8% J1 8 135N 30%.
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