a1 B1H WMok R OB SRR ) Vol.47,No.1
202041 H Journal of Hunan University( Natural Sciences ) Jan.2020

XEHS:1674-2974(2020)01-0147-10 DOI: 10.16339/j.cnki.hdxbzkb.2020.01.018

B =3 RETEERIIGB SFE

TR ARARAR Y TR eI AR X 1E 8 2 SR 2 3]
(1. FEFRY LARTIRSRE, W K1Y 410075;2. MImRHE RF TR THE#FE, 15 W 411201)

W EABTAZARESTABRT OB B, KT Drucker—Prager 7% 2 # F» CSM
T] BB AR B AR P A £ 8 A AR K AN BB, ST R BRI R fe sy A AT
BEA | SEA AAF BARRBE R S M8 N T 28 B 0B AE AR T] 2 AR R R4 R AR
BB B )G AL E TR A fe 6 /69 0k 30 KR AR K, M6y Ay 44 44
ML Tr @ R AL 3R T T B RS 54k E; R A P £ 8 ) ROR 0938 R, SO U E B4R
HARY , mRKE AN RSN AN G F 3 23 e PN A 63 mvd BN TR TR
NJEW3E K A B F e B Bl 8 3938 K, B3 mbg B kA K, P& A ey 3 he
BRI FMMA B2 FAA Aoy BAR = % 2 19 09 AR AT IR £ 800 B8R T SRR A fofy ALAR

A T S
KW : A=K A BBRI ;PRI EZ RN AR B4
hE5SES TU452 XERPREAD: A

Rock Breaking Characteristics

of Disc Hob under True Triaxial Condition
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Abstract: To reveal the rock breaking characteristic of disc hob under true triaxial condition, the Drucker -
Prager strength theory, CSM model and intermediate principle stress coefficient 3 were used to establish a theoretical
calculation model and a simulation analysis model, which can be used to study the fracture characteristic of rock and
the stress characteristic of hob under high ground stress. The results show that the extreme value of vertical force de—
creases remarkably after rock is damaged, while the range of rolling force and lateral force changes little. The lateral
force is always smaller with constantly changing direction, leading to the vibration and uneven wear for cutters. With
the increase of intermediate principal stress effect, the number of crushing elements decreases exponentially, and the
maximum force in vertical, rolling, and lateral directions increases exponentially, in which the increase of the lateral

force is the smallest. With the increase of penetration, the number of crushing units and the rock breaking force in-
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creases simultaneously, and the increase extent also becomes larger, in which the increase of the lateral force is the

largest. The relative errors among actual values, theoretical calculation values and simulation results are very small,

which can verify the reliability and accuracy of the theoretical model and simulation model.

Key words: true triaxial condition;disc hob;intermediate principal stress;mechanical model;rock breaking
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Fig.4 Force analysis of a disc cutter
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Tab.1 Driving parameters of typical section
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1 385 45.5 31 098 29.0 2.08
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Tab.3 The rock breaking force of a hob for typical sections
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935 30 999 10.29 5 655 106.7
985 31 053 11.74 5 709 107.7
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1 085 31433 14.78 6 089 114.9
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1 385 31 098 13.96 5754 108.6
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Tab.4 Material parameter of sandtone
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6 176.47 25 0.275 10,15,20
7 230.18 25 0.359 10,15,20
8 268.54 25 0.468 10,15,20
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Fig.13 Relationship between the maximum rock breaking

force and coefficient of intermediate principal stress

5 & &

BEXF R b 37 W G A AL VR T i 0]
B, $EHIET Drucker—Prager 5 FEEI A1 CSM & 1E
BAYIR T1 32 it 5ok, s =3RS =1
I AR AN BRI ] 320 7 AR FH AR08 , 3222
e Il

1) 18 I~ Mohr—Coulomb Ji % 17 #4) ZM2% [5] 1
NG BT Ay L =Tl FRARAS A — i =R S
Y5 BE A 28 2, H2E (A el rh B0 RIS i Y
HAm R, X Bl el — i = b RO i o vk
FIRM.

2) CSM ¥R J] - A1 HEF A R i) 41 BT
IENE=HMRA, 454 Drucker—Prager 5 i 1 | &
SE IS MR IO AL AR R R 1 A
HELAY AR HANR ] 8m Be iR, KRR TR
X153 R Sy DI AR B E PN i ST VR Tk
7 EAOR g I 9 A E B TR E R B
GEIRNTLE,  BrIE T ES B R EARIAY B A R PRI
HERf .

3) 5y U A B B e 5 ) IR AR B B R TR By
B, P B AR AR ek 3] 2.2 4%, iR 3 1 A [a) /g
URAAETIRYE N 8l , S U O &AM
WAL TN (= a N T A 9 A A R = Ne e RS
V& REAR T T BB ] A

4) B FEAAIRI I, BEE b S0 800 B3G5, 15

AT RSB D, Rl B IR S 1Al
li) P SR AR o, JFErp 1) 7 A3 WA X )N 5
FRIRI R 126 B S BE AR, I #T
Bt = msea ¥R, HAagmasa 1 i ind
SR 2, AR i g B R AR R O

5)RTIAS 1032 1 BN 2 B TR T B fdi ]
i, DL, X T e M g 37 T AR LR B IR T
(G VI EDIEVIT- R IS PR YIRSy
PARUETR TTHIBEA R,

S 3k

[1] DRUCKER D C,PRAGER W. Soil mechanics and plastic analysis
in limit design [J]. Quarterly of Applied Mathematics, 1952,10:
157—165.

[2] ALEJANO L R,BOBET A. Drucker—Prager criterion[ J ]. Rock Me—
chanics and Rock Engineering,2012,45:995—999.

(3] XBAEGE, W EAS, HPFA. HT M-C R E D-P RINMEN RS

+ TR RN BT [T]. A £ TR, 2006,28(6):735—
739.
DENG C J,HE G J,ZHENG Y R. Studies on Drucker—Prager yield
criterions based on M—C yield criterion and application in geotech—
nical engineering [J]. Chinese Journal of Geotechnical Engineer—
ing,2006,28(6):735—739. (In Chinese)

(4] VPscms, X G, Fabf s, 5. 5T 0 =l o 1 55 far o6 B XCHT 0

BAEIE D-PMEWISY [J]. 54 0% 5 TR, 2018,37(8):
1813—1822.
XU W S,ZHAO G M,MENG X R,et al. Modified D P criterion
based on the double—fold reduction method of the true triaxial sin—
gle-side unloading strength [ J . Chinese Journal of Rock Mechanics
and Engineering,2018,37(8):1813—1822. (In Chinese)

(5] fap)il, ¢85, b3, 26 JETF D-P 00 055 #5538 1B o 45 e A 405

FAHEAEF 0] 1. 12724, 2017,49(1) : 31—40.
HE C,QI C,FENG K,et al. Theoretical analysis of interaction he—
tween surrounding rocks and linging structure of shield tunnel based
on Drucker—Prager yield criteria [ J]. Chinese Journal of Theoretical
and Applied Mechanics, 2017, 49(1): 31—40. (In Chinese)

[6] YANG H Q,WANG H,ZHOU X P. Analysis on the rock—cutter in—
teraction mechanism during the thm tunneling process [J]. Rock
Mechanics and Rock Engineering,2016,49: 1073—1090.

[7] CHOI S S,LEE S J. Three-dimensional numerical analysis of the
rock—cutting behavior of a disc cutter using particle flow code [J].
KSCE Journal of Civil Engineering,2015,19(4):1129—1138.

[8] #g=kar, MZ4E. TBM R TIRCA ik A8 M AW B AURLRL AR L] ).
PR, 2015,40(6) ; 1235—1244.

YANG S Q,HUANG Y H. Particle flow simulation on rock fragmen—



156

R R AR (A AR BE R

2020 4F

[9]

[10] ¥

[11]

[12]

[13]

[14]

tation process and meso— mechanism by a single TBM cutter [ J].
Journal of China Coal Society,2015,40(6):1235—1244. (In Chi-
nese)

X2AAH Bk, TR, 45, A HUZE TBM BUR I A Al
TEAIFELT ). R4 ,2015,40(6) : 1225—1234.

LIU X W,WEI L,LEI G F,et al. Numerical manifold simulation for
rock fragmentation process under TBM double cutters in mixed
ground [J]. Journal of China Coal Society,2015,40 (6):1225—
1234. (In Chinese)

H .M, AR, S R IIR S VI A U SR g6 o
[J]. iR R (HARIEERR) ,2018,45(8) : 69—78.

TAN Q,YANG Y,XIA Y M,et al. Numerical and experimental
study on rock breaking by cuter in roling mode [J]. Journal of Hu—
nan University (Natural Sciences),2018,45(8):69—78. (In Chi-
nese)

LABRA C,ROJEK J,ONATE E. Discrete/finite element modelling
of rock cutting with a TBM disc cutter [J]. Rock Mechanics and
Rock Engineering,2017,50:621—638.

SR, R i, S ORF LY SR TBM S8BT 0 A
FRPELT ] R R (A SRR ) , 2016,47(2) :450—458.
XIA Y M,WU C Z,GU J J et al. Mechanical characteristics of TBM
disc cutter under the initial stress [J]. Journal of Central South
University (Science and Technology) ,2016,47(2):450—458. (In
Chinese)

XIA Y M,OUYANG T,ZHANG X M,et al. Mechanical model of
breaking rock and force characteristic of disc cutter [J]. Journal of
Central South University,2012,19(7) ; 1846—1852.

SRAESS T R 5F. A A IR BEXT BB IR T8 E S s
FRERSZ IR [T ] TR =2 R CE AR ,2015,42(4) : 40—

[15]

[16]

[17]

[18]

[19]

47.

ZHANG G J,TAN Q,XIA Y M, et al. Influence of diferent rock tem—
peratures on rock breaking characteristics of disc cuter tunneling
parameters [ ] . Journal of Hunan University (Natural Sciences),
2015,42(4):40—47. (In Chinese)

A AR, s, BT, 4% Hh 3R N 7 FR BN A ik A DU £ 5 )
[T]. AR R (A AFIEERR) ,2018,49(1) : 158—166.

FU H L,SHI Y,LONG Y, et dl. Influence of intermediate principle
[J]. Journal of Central
South University (Science and Technology),2018,49 (1):158—
166. (In Chinese)

ROSTAMI J,QZDEMIR L. A new model for performance prediction
of hard rock TBMs [C ]/Proceedings of the Rapid Excavation and

stress coefficient on rock strength criterion

Tunneling Conference. Boston: Society for Mining, Metallogy & Ex—
ploration, 1993 : 793—809.

BLUME, BRI, . ANIR) J] B B B 4 AL R S0 L
HUSHETI TG ]. A+ TR, 2013,35(9): 1627—1633.
MAO H M,CHEN K,FENG H H. Rock —breaking mechanism of
TBM with different types of cutter tools and estimation of thrust force
[J]. Chinese Journal of Geotechnical Engineering,2013,35(9):
1627—1633. (In Chinese)

JEVRELBH L T — L F3 SR . 3T F1 25007 1 TBM Jif 2
DI FE[T]. HUAR TR 24K, 2016,52(20) : 76—82.
ZHOU S Y,KANG Y L,SU C X, et al. Prediction of thrust force re—
[T]. Journal of
Mechanical Engineering,2016,52(20):76—82. (In Chinese)

AMET T

quirements for thms based on mechanical analysis

MOGI K. Fracture and flow of rocks under high triaxial compression

[J]. Journal of Geophysics Research, 1971,76(5):1255—1269.



