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Penetration load evolution rules of rock breaking by
pre-cutting slit-assisted TBM disc cutter
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Abstract: Based on tunnel boring machine (TBM) disc cutter penetration laboratory model tests, the
penetration load evolution characteristics of high-strength granite specimens under different confining pressures
were studied using three different rock-breaking modes (intact rock-breaking, rock breaking along pre-cutting
trajectory and rock breaking between pre-cutting trajectory). The study focused on revealing the penetration
load-penetration depth characteristic curves, peak load, maximum drop amplitude variation laws, and obtaining
the force characteristics of TBM disc cutters under different rock-breaking modes and confining pressures. The
results show that: (1) The penetration load-penetration depth characteristic curve of the high confining pressure

group drops earlier and has a smaller decrease in amplitude than that of the low confining pressure group, but
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the corresponding penetration load is not the peak load, while the initial drop load of the low confining pressure
group is the peak load, and the drop amplitude is larger; (2) The peak load and the maximum drop amplitude of
the penetration load are smallest at medium-high confining pressures of 10-15 MPa, indicating that this
confining pressure range is more conducive to TBM excavation; (3) Under low confining pressure conditions,
choosing rock-breaking between pre-cutting trajectory mode can reduce TBM disc cutter penetration load more
effectively than rock-breaking along pre-cutting trajectory mode. However, the rock sample with the rock-
breaking along pre-cutting trajectory mode exhibits wedge failure, and its maximum drop amplitude is the
smallest, which can reduce the impact load on cutters and reduce cutter wear.

Keywords: high-strength granite; tunnel boring machine; pre-cutting slit; rock-breaking modes; penetration load
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Fig. 1 Schematic diagram of a tabular rock sample
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Fig.2 Rock-breaking diagram with disc cutter assisted by pre-cutting grooves
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Table 1 The order of the first drop of intact rock samples

under different confining pressure conditions

RIS )T [l [ /MPa Xt B /mm
1 Tt [l & 0.879
2 10 0.893
3 15 1.126
4 20 1.171
5 1.25 1.271
6 2.5 1.290
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under different confining pressures
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intact rock sample under different confining pressures

Fil 2 20 MPa 1Y BT A fif 48 $5c K Ik 9% R 1R ¢
K, A 46.63 kN, 4r#r&l 4 2.5 MPa [l & T 5
fof 28 - 50N BE RRAIE i 4R K B, HL BN fr 3 A K kTR I
{EL A B0 AE W {53 A fof Rk I L T R A AR 4
YR TE 5 o 28 WIAE S5 R Bk % M L A0 BRI, o T
T B T2 MRS, A0 R T e Bl R — EL
FRGY I, Ik B0 A R T RE K 2 1Y i K B
B, A HENTR TR 2, ERE0H IfFR
R R 55RO i B ek T L A B
i X R B 4 YR R R R

3 BEEANRNETERERE BN

3.1 RATH-BEANESTEHEELNE

[ 2 V) 4% T B H=20 mm, 7EA% B /& &4
HEAT AR Rl B A5 28 TBM IR J1 58 AR AL 56, #F 5
AR BB 45 44 T AN [ e A 5B Ay 480 - 51 A B P AR
iR T A T AL B . AN 7 TR 2 3 R LR Ak 1
TR AR R R A E A I mm AL
B 30 1 r 2, L SR R B Oy JH A R Bk Y R AL
Foon S R e B A BEE B 1 mm A£G 58
BT — A B

[ei] 2ph 30 A5 X %) AR AIE il 26 5 o0 B AR R S
B AN ] Bt 2 B0 A BE 0 220 90 338 i, B A oy 2 A
b A5 X T Ay G2 W A A 26K T R g B A B G K
Tl A X, LK B AT 2R S kTR (A 5K
JIN T B KRR R B 2 WA LR N I B 1 1k
o LR Dy« [R)  A R =C AZ A A [
oAt A A 2, A R 22 B 20 F R AR iR,
b A5 2A W & A BE IR . T D48 IR )
1IE Ty A% ) 50 Z A7 e 25 B, IR ) J)
JF AR BB B fol R TR JT U0 0 1T 5 ) 4%



68 AR5 F B LA FROF E L) %47 %
100 100
% SeE 80
e
%60 Z w0 LEREN
i SR g
< 40 < 40
i i
20 AR 20
0 1 2 0 1 2 3 4 .5 0 1 2 3 4 5
TN /mm FENEE/mm FENE/mm
(a) JCHI & (b) 1.25 MPa (c) 2.5 MPa

7 AEAREETARBEEXHENTE-TNERFEHLZL
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