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Abstract: Exploring the effects of gedlogical materials on the interaction law between shield cutters and strata helps to reveal the
cutting mechanism and wear loss mechanism in complex strata such as consolidated sand and pebble strata. The linear cutting
tests by using scraping cutters,and Polycrystalline Diamond Compact (PDC) cutters were carried out with different geological
types and strengths as eontrolvariables by analyzing the cutting forces and efficiency. The results show that: (1) The magnitude
and volatility of cutting forceincrease with increasing aggregate hardness in the geological materials, and the increase in aggregate
hardness makes’the Cufting process more discontinuous. (2) The optimum cutting depth decreases with increasing aggregate
hardness, with optimunicutting depth of 4 mm, 5 mm and more than 6 mm for plain concrete, vitrified concrete and mortar,
respectively. (3) The magnitude of cutting forces and their volatility increase with the strength of the geological material, and
cutter intrusion is more difficult and cutting discontinuities increase at higher strengths of the geological material. (4) The
optimum cutting depth for PDC cutters decreases as the strength of the geological material increases, with optimum cutting depths
of 2 mm, 2.5 mm and more than 3 mm for cutting C50, C40 and C30, respectively. The characteristics of cutting efficiency
variations are similar for circular PDC tools and tapered PDC tools. As circular PDC cutter is mostly tensile stress damage,
resulting in a smaller specific cutting energy.
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Table 1 Testing‘conditions of linear cutting test
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Fig. 2 Variations of triaxial cutting forces by scraping cutters at different geological materials
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Fig. 7 Variations of triaxial cutting forces for circular PDC
cutter at different geological materials
XF T AN A s L AR R R B, [ PDC J) B ANHE
& PDC JIR ) = [ 77 B35 D) R 5 1 oy £ 38
(B 8D 3X B 7] H ARt - )2 Ak T AR LE AN

Wrighn, JF HBEE VIR EE (380, PDC J) R JIHI#
HRHARItK, PDC JTRSZ Stk %A
DIBITRIE,  JE =150 3 BEA i 58 S8 20 B AR 1T A ik
Ny TR RARAREE L TV R IRANEIME S, %
JIARRT RN SR, AR R SR S, )
HLUTHIMERE By, P ST BOBOR

TR B Csom L () -
16 —e— CAOiRHEL ~ —e— C40RHEL _
Lo —— C30IRHE L ~ —— C30iE L .

7 (kN)

04l _///’/r;, -
i . —
00 05 10 15 20 25 30 05 10 15 20 25 30
VIR (mm) PIHIRFE (mm)
18 25
16f —— CSOMAET: (o —— CBOIIEE L (d)
_1F e caomitt @ " RROT e CaOiE L /
E3[ — cavikEt: T N L T a
s O 2 g
W6 _ % 70
o
4 05
2 e
0 0.0
05 15 20 25 3.0 05 10 15 20 25 30
PIHETE (mm) IR (mm)
18 18 —
16 —=— C507R ¢+ 16} —=— C50iR L ®
_1b e caom+ © b CaoiRELL
2 oot g jo[—— Ca0iiE |
s S
B 6
%6
; 2 "
0
0

25 30 05 10 15 20 25 30

20
IR E (mm) PIHIERFE (mm)

8 RDC | JEARNEIHIRE =@ A8 LHFHIE:(a) [EF PDC
ZJEMWE; (b) ER PDC TJRHEIEI; () ER PDC J]
EHEEN; (d) #F PDC TIRMUET; (o) #ER PDC TIR
BN A5 () $ER% PDC T1RBIEEA
Fig. 8 Variations of triaxial cutting forces with cutting depth for
PDC cutter: (a) Side force of circular PDC cutter; (b) Tangential
force of circular PDC cutter; (c) Normal force of circular PDC
cutter; (e) Side force of tapered PDC cutter; (f) Tangential force of
tapered PDC cutter; (g) Normal force of tapered PDC cutter.
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Fig. 9 Variations of specific cutting energy for different PDC cutters
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Table 2 Variations of cutting forces with cutting depth for

scrapping cutters

2 - C30 Mgkt ¥
% C30 JBEL B M30 BbF
by Fx=0.093d+048  Fx=0.133d+022  Fx=0.104d+0.16
R2=0.71 R2=0.90 R2=0.91
gy Fy=196244284  Fy=1501d+2.09 Fy=0.959d+1.14
Y R>=095 R2=0.86 R2=0.91
g, F7=2401d+140  Fz=2.279d+0.77 Fz=1491d+0.09
R2=0.99 R2=0.98 R2=0.98

# 3 [EF PDC JIRVIHIZ NBETIHIREEH R

Table 3 Variations of cutting foerees with cutting depth for circular

PDGC cutters
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