F41E Fol
2019 4E 6 A

= =+ I

Chinese Journal of Geotechnical Engineering

Vol. 41 No.6
2019

E I

June

DOI: 10.11779/CJGE201906009

EF Kotter 77 I2HUE BT EHYTHI LA D5

AR, FXE, £AK

(BRI T TR ME AR, Jbat 100044)

& . TR A S AN RIS HCT E R ]S A TR AR DA B SR UTEIAE, BINT &
IEJEH Kotter 77 FAENFNRTT RS, SRR IFAZE - L AARTER SN VI WA i S LR g o0 A, g 1w D) Ak
SRR, SRR IS AR R IE R Py BEEE D) 0 S0 AR BTETH D U, #E S SR UTHIAE T
AR S EREE I ERTINP, O, UEMTARc, o BRI, Widid S42 mH] 7] 7] HLE ok
WK PR E LR SRR P, O, U EMIIEEE o KM/, P, QBXI W p LM KH p 5t
TN LARSZ SR LA R, B R TR A A R AR R T HAE AR A TRES S
KHEIR): Kotter 77 FE: JEMIEI ) #UIHI Ak WWANEN J1: JIHZ Ty DI

FE 5SS TUR2I XEAFRINED: A XEHRS: 1000 - 4548(2019)06 - 1058 - 08

EBEN: TMERA990— ), 5, HLad, FTENFHERIERERR TS, E-mail: suwelin@126.com.

Force states of soils under shield cutting in excavation face based on
Kotter equation

SU Wei-lin, LI Xing-Gao, JIN Da-long
(Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)
Abstract: To calculate the forces between shield scraper and soils as well as the cutting torque caused by them with different
tunneling parameters in different soils, a modified Kotter equation is introduced as a supplement to solve the stress distribution
on the sliding face when the soils in excavation face are being passively cut to a damage state. A mechanical model for cutting
soils is established, and the pressure and friction between the soils and the surface of shield scraper and the lateral shear
resistance are solved. Then the method for calculating the cutting torque of cutter head is derived. It can be acquired that the
pressure, friction and lateral shear resistance increase with the cohesive force and internal friction angle and decrease with the
rotation rate, which illustrates that a properly coarser scraper surface makes the soils easier to be cut, and a lower rotation rate

can reduce the force of the tools. The pressure and friction increase linearly with the shield support pressure, which is more

obvious in sand. Some cutting torques in different soil types are given as engineering references ultimately.
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R 10, HEMYIEERE —ERN, P, O,
U B Y08 TR 308 oo BT AR~ BRIk, 25
A B e L b DRI B R R T 4 2 R R, AT DA
T3 2 v ) A RN I ) U) H AR i R
MRS TTEE DT AR o
FHZ A R BRI E v 5 AR )R 8 o B 4 Fh
TH GR D, ttH P, QMEBEITZIH S 8 p KA
B, THEEIR A 11 fos.
=1 HEIR
Table 1 Working conditions for calculation

THSH

T . -
¢ /kPa o/CC)  v/(mm'min') o/ min")
1 20 25 40 1.5
2 20 25 30 1.5
3 10 40 40 3.0
4 10 40 30 3.0
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Fig. 11 Change of force with support load in soils
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Table 2 Cutting torques of shield in different types of soils

‘ B o 4 £ i oM PR 471 s VIHIHH T /(KN - m)

R it ¢ /kPa /) y/(kN'm’S) 5685 v=40 mm/min v=30 mm/min v =40 mm/min v =30 mm/min
q,/kPa ®=1.51/min  ®=151t/min  ©=3.0r/min  ©=3.0 r/min

b 0 42 20.5 — 175.9 128.9 79.8 60.7

b 0 40 20.7 — 142.4 104.2 64.5 48.9

ZHTb 2 34 21.4 — 116.6 85.9 52.8 394
¥t 16 26 21.0 65.3 94.1 (97.2) 69.8 (72.9) 453 (48.6) 33.7 (36.5)
¥ Es+ 22 21 19.6 120.3 68.0 (84.0) 50.1 (63.00 31.2 (42.00 232 (31.5)
i+ 36 13 18.6 147.7 49.0 (40.7) 41.3 (30.6) 223 (204) 14.4 (15.3)

Vi RhHE S AWEUE N IE I (43) TS B 78 To 0 BRT Hs 56 2 T 0 6 286 28 e v Ji 0k ieF JR 4 ) S PR DD 4R A






%5 6

JRHR, S5 BT Kotter 77T 1A JE FERE 0 45 ) ) 41452 50F ¢ 1065

Q BESC K p LRI R, H p X THUIHI 4452 71
RISAMAATR, gy i i = AN R A Ak g
W VIEHREEE N TS %, S0E AT EES
XL TR B, RFA SRR TH ST, JE AL e A
JIVTHIBE 3 B % A 32 AR PR BB o

SE -

(1] ZEM, FEE, AR, & a5 FEE a7
MEBELEE VPN ITEE[)]. MU TR 2R, 2014, 50Q21): 1 -9.
(XIA Yi-min, BIAN Zhang-kuo, HU Cheng-huan, et al.
Performance cmprehensive ealuation of cmposite erth pessure
blanced shield machine cutter head[J]. Chinese Journal of
Mechanical Engineering, 2014, 50(21): 1 - 9. (in Chinese))

[2] #RHTE, Aate, T30, & Bput )z b4 v S M
LIV T[T, R TRRER, 2010, 32(1): 47 -
54. (XU Qian-wei, ZHU He-hua, DING Wen-qi, et al.
Cutting torque during tunnelling process of earth pressure
balance shield machine in homogeneous ground[J]. Chinese
Journal of Geotechnical Engineering, 2010, 32(1): 47 - 54.
(in Chinese))

[3] HE Chuan, WANG Bo. Research progress and development
trends of highway tunnels in China[J]. Journal of Modern
Transportation, 2013, 21(4): 209 - 223.

[4] #R/ANT, & B EABEEEM]. Jbat R Tk H AR,
1984. (XU Xiao-he, YU lJing. Rock fragmentation[M].
Beijing: China Coal Industry Publishing House, 1984. (in
Chinese))

[5]1 EVANS I The force required to cut coal with blunt wedges[J].
International Journal of Rock Mechanics & Mining Sciences
& Geomechanics Abstracts, 1965, 2(1): 1 - 12.

[6] NISHIMATSU Y. The mechanics of rock cutting[J].

International Journal of Rock Mechanics & Mining Sciences
& Geomechanics Abstracts, 1972, 9(2): 261 - 270.

(7] B 5. JE R HENLY) T U] IR R 38 52 R 5 K
9% B AE (D). Kb RGOk %, 2009. (J1 Zhi-yong.
Research and experimental verification of stress model of
cutting machine cutting soft rock and soil by shield tunnelling
machine[D]. Changsha: Central South University, 2009. (in
Chinese))

8] 44, EEE, TAW, 5 AWiE i HLY K ] R
I TH S AR ORARE )], 35 ROR 2 24 (22 AR, 2008,
3831 2): 144 - 148. (CUI Guo-hua, WANG Guo-giang,
WANG lJi-xin, et al. Cutting dynamic model for cutters of
shield machine under soft soil[J]. Journal of Jilin University
Engineering and Technology Edition, 2008, 38(S2): 144 -
148. (in Chinese))

[9] TERZAGHI K. Theoretical soil mechanicsiM]. New York:
John Wiley and Sons, Inc, 1943.

[10] KOTTER F. Die bestimmung des drucks an gekriimmten
gleitflachen, eine aufgabe aus der lehre vom erddruck[J].
Sitzung Der Physikalisch-Mathematischen Classe Vom, 1903:
229 - 233.

[11] FLAEML. Kotter /5 FEAE£4 854k 30 & J1R AR (11 B FH [D].
R JHHE RS, 2008, (KONG De-shun. Application of
Kétter equation to solving passive earth pressure of retaining
wall[D]. Nanjing: Hohai University, 2008. (in Chinese))

[12] RER. Ve BT S 5 Hb 2 Ve K B 143 2 2 508 (b B &
FBRME M. M THOR, 2018, 47(1): 116 - 121. (YU
Zhi-gang. Change rule and correlation analysis of slurry
shield tunneling parameters under argillaceous siltstone
formation[J]. Construction Technology, 2018, 47(1): 116 -
121. (in Chinese))



