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Abstract: The shape, particle size and its distribution of rock detritus are the key indexes to reflect the rock-breaking efficiency
of TBM, and the important internal link between TBM tunneling parameters and rock properties as well. According to the
rock-breaking mechanism of disk cutter, dimension measurements and sieving tests on the rock detritus cut by TBM are carried
out, and the dimension characteristics and particle-size distribution of rock detritus are obtained. The statistic analysis and
theoretical distribution function fitting are conducted based on the in-situ measured data of dimension and particle-size
distribution of rock detritus. The relationships among coarseness index, strength and wear resistance index of rocks are
analyzed. The variation laws of coarseness index with tunneling thrust under different surrounding rock classes are discussed.
The research results show that the ratio of long axis to short axis of the rock chips is about 1.5, while that of long axis to
thickness of the rock chips is quite different for diverse surrounding rocks. The probability distributions of rock chip dimension
including long axis, short axis and thickness are subordinate to normal distribution. The particle-size distribution of rock
detritus accords with that of Rosin-Rammler function under different rocks. The larger the coarseness index, the higher the
rock-breaking efficiency of TBM. The coarseness index of rock detritus decreases with the increase of the uniaxial compressive
strength of the rock under hard surrounding rocks, while the change law is contrary for the mid-hard and soft surrounding rocks.
The coarseness index of rock detritus decreases with the increase of the wear resistance index of rocks whether the surrounding
rocks are hard or soft. The stronger the wear resistance of rocks, the lower the rock-breaking efficiency of TBM. The

rock-breaking efficiency of TBM is closely related to the

classification of the surrounding rocks. According to the HETE: EXAAREEATH (U1504523): A T i S5
particle-size distribution law of in-situ measured rock JTRBUH (182102210014 sy RLRI B A IR A 7 B 6K 5

H (2016-ky56 (2))
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detritus, the tunneling thrust intervals when the rock-breaking
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efficiency of TBM is optimal can be determined under the surrounding rock class II and III.

Key words: TBM construction; rock detritus; dimension characteristic; particle-size distribution; Rosin-Rammler function;

coarseness index; rock-breaking efficiency; tunneling thrust
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Fig. 1 Engineering geological section of route area of water conveyance tunnel
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Table 1 Main design parameters of two-shield TBM

WitZH TBM1 TBM2
VAR FA= Ko 5480 mm 5480 mm
B 3740 30
R T/ EAR 6/432 mm 4/432 mm
IERJIEZ 21/483 mm 17/483 mm
WEIIEZ 19/483 mm 9/483 mm
e K JI IR R 86 mm 83 mm
JIF 0~10.3 r/min 0~8.7 r/min
JIBThR 1800 kW 2100 kW
RIS 22160 kN 11900 kN
AU AR 3458 kN'm 4210 kN-m
Jit PR LR 5878 kN'm 6940 kN'm
i KR 120 mm/min 120 mm/min

1.2 TBM EHEIHEN S5k
WEFE I, TBM 8BRS KM S 0F 5T B

AR A R EAT 2R MR R . TR
A I M R IIBEE IR e M DL R T B AT A
P HESH 2 745, TBM J 3k A2 A 722 AR 1 2 i e I
FRFIKANAR, A, BB —EmkEitE. 76
Jiti TIL TBM 2 AL H AR 1 A SR 4 b A2 e i ik
FE, VEAUIGIR AR, Hxd R SF R IR A il R
bR REMIR T (Kl EHRER) , o
JORAE RS R SF A s SR 40, 31.5, 25 mm A1 16,
10, 5 mm A1 2.5 mm (37 2%) FLARMIbRUETT LI E
1T A TR 43RG, T A FE A T A iR AR 2 AT
M. K2 A TBM A3 il 5 65 4 15 00 o

(b) BREE SRS T REBER
2 FEEEEFE TBM EREIIAMF X
Fig. 2 In-situ sieving tests of TBM rock detritus for tunneling

sections in different surrounding rocks
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Table 2 Dimension statistics of TBM rock chips

s {i‘# FHIME J&?Hﬂé =l J&i@ﬂa\%)?—
B /mm Sz L EPdsd
KA 9.81
e bkl 6.92 1.42 3.66
B 2.68
. KA 11.70
ggﬁéfiL“ bkl 7.81 1.50 5.27
S B 2.22

X B IAS 2 AR iR AT R 0 A5
B, Wil 3 . BB 3 AL JEig A IRCE K
By NS IERE, HFREARMIES . X5 3CHR
[17] S50 — 2.

2.2 ABNESHREUS ST

X REREAS 7 AT HEAT BIAR 70 M, 38 W AT R I
Jitk: —RBWMEDIE, 5RO 713K
L, ATCAMSRIRC 2k, MR bR s kA 2 Af
PR o S o S O 7 B AT BEAR 3AT pR A
BT, VRS R G AT R B . A

JERLEE AT e Eoh, BRI E 2 Rosin-Rammler
43 A5 B Gandin-Schuhmann 7347 B8 35 A % 0 IE &9
AT, WFREY, TWREBEWITE, 2 TBM i,
Rosin-Rammler 437 BRI AT DL R 47 Hu b 5 il Rz
A AGIET)

5 6 7 8 9101112 13141516 17
KH# R /mm

(a) Khh

3 4 5 6 7 8 9 10 11 12 13
S8R~ fmm

(b) sk

0o 1 2 3 4 5 6 17 8 9
B R /mm
(c) BEE

3 FREERIHES
Fig. 3 Probability distribution of rock chip dimension
Rosin-Rammler 73171 B 4 1) 507 ik i F
R(D,)=1-exp[-b(D,)" | = (1)
A RN THIRARBEE 2L (%); D kL
72, BIIRALIRST (mm); S48 a RIS A0 H L
R R AT I SIREE . —BFL T, B8 o i
Ny CETERAR M ATTEEERT, BRI 5 R,
WA 5] S50 b WA H .
HF Matlab i 2k (B VA Hr ok SE e 4 R AT
HVEXT R A BRI 4% Rosin-Rammler 43 A7 B 0145 ¢
FHLHE 4, BAUNESHIE 3.



470 s o+ L B % 2019 4
B I ., VI TBM 85 30K
of s % 3 Rosin-Rammler S ZHH HEH

60t
¥
-

=40
Bk

20}t

0 1 1
1 10 100
A4 /mm
(a) AERE
100
o S

—— Rosin-Rammler43fii
801 R2=0.9773

Lot
¥
-
£40f
Bk
2F
0 10 100
A4 /mm
(b) XA

100 o Scpip s
——Rosin—Rammler4}-7j,

80+ R2=0.9932
xX
60|
#
-
E a0t
Bk

20 |

0 1 1
1 10 100
Bif2/mm
(o) R
100
—— SCHPE
20 —— Rosin—RammlerZ}fii

| R?=0.9803

R ER%

(d) BHRRE+RAEBDE
4 NEEER TBM SR ESHAEINE
Fig. 4 Fitting of particle-size distribution of TBM rock detritus in
different surrounding rocks
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Table 3 Parameters of Rosin-Rammler distribution function
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Table 4 Coarseness indexes of rock detritus under different surrounding rocks
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1-2 8600 3.83 135.2 387.24 Il IIs
1-3 L 8500 3.75 130.7 402.32 Il Il
1-4 fRE 8800 3.92 145.9 340.34 Il Il
1-5 8700 3.85 136.2 379.03 Il Il
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5-6 6000 15.3 401.2 il I
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Fig. 5 Relationship between coarseness index of rock detritus and

uniaxial compressive strength of rocks

HI& S T, A RS 2 18 45 0 St A 4t
SR AR H) IR R EUR R A G R
i JEZ 15 A0 P 7 T o KT O/, T v A
BeaMM . "I OFABIEAE, &R 5
BN, TBM VR JIWCE P s e H ARtk R4S
FEFHARLZ IR RSO T, TBM BUE RCRBIL . @CH
SREERUIK, TBM BRI, T2 il 8] ) — R R
IR, 1 BCNVRLAS R A B R,
SRR ERZ AR BRI, HoE B, HDRS 2 Fa A
R .
3.3 AHRHEEEERSEATENZENXR

MR 4 T i8dE, Ao ria RRE R S
AT BE LR AR CAL Z A ARG IC R, ANTTTHR I 6 A T
BEVEXS TBM BHCE RCR MR . 0 REHDRS B2 Ha S
CATMEBEATAHRAE BT, WL 6 P

HE 6 AT L. TR BCE IS RS, A RS
TRBU S AT PR RE KT, 3 Z IR
BEIROC R, FHOCREL RP KT 0.80. EHTA AT BE Mk
SR, S RERRERE R 20BN, TBM IR TG T s e T
FEEBR, FEAFE AR R R AELL T, TBM
BCA BRI

520

M y=621.729-248.256x
R?=0.966

360 1 1 1 1 )
0.5 0.6 0.7 0.8 0.9 1.0

AR BB CAYE
(a) &

y=1220.887-212.112x
300 R2=0.874

1 1 1 1 1 1 1 1 1 1 J
200 24 2.6 28 3.0 3.2 34 36 3.8 40 4.2 44

AR BB CAYE
(b) WH

6 RIEMREEERS A AT EMER CAIHXR

Fig. 6 Relationship between coarseness index of rock detritus and

wear resistance index CAI of rocks
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Fig. 7 Relationship between coarseness index of rock detritus and

thrust force for surrounding rock class I
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Fig. 8 Relationship between coarseness index of rock detritus and

thrust force for surrounding rock class III
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