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Effects of geological materials on cutting performance of shield cutters

DENG Longchuan’?, LI Xiaozhao' 3, ZHAO Peng', XU Wentao?, ZHANG Chi*, LIU Sijing’

(1. State Key Laboratory of Intelligent Construction and Healthy Operation & Maintenance of Deep Underground Engineering, China
University of Mining and Technology, Xuzhou 221116, China; 2. School of Earth Sciences and Engineering, Nanjing University,
Nanjing 210023, China; 3. Yunlong Lake Laboratory of Deep Earth Science and Engineering, Xuzhou 221116, China; 4. Shanghai

Urban Construction Equipment Co., Ltd., Shanghai 200137, China; 5. China Railway 14th Bureau Group Corporation Limited, Ji'nan

250101, China)

Abstract: Exploring the effects of geological 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 stratum. The linear
cutting tests by using scraping cutters and Polycrystalline Diamond Compact (PDC) cutters are carried out with different
geological types and strengths as control variables by analyzing the cutting forces and efficiency. The results show that: (1) The
magnitude and volatility of cutting force increase with increasing aggregate hardness in the geological materials, and the
increase in aggregate hardness makes the cutting process more discontinuous. (2) The optimum cutting depth decreases with
increasing aggregate hardness, with optimum cutting depth of 4 mm, 5 mm and more than 6 mm for plain concrete, ceramsite
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 tensile stress

damage is typical for circular PDC cutter, the cutting energy is smaller.
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Fig. 1 Linear cutting equipment, shield cutters and samples
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Fig. 2 Variation of triaxial cutting forces by scraping cutters cutting different geological materials
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Fig. 7 Variation of triaxial cutting forces for circular PDC cutter

cutting different geological materials
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Table 2 Variation of cutting forces with cutting depth for scrapping

cutters

%] C30 & C30 Pkl t M30 fib3
g F0.093d+048  F:=0.133d+0.22  F=0.104d+0.16

* R>=0.71 R>=0.90 R>=0.91
p B71.962d+2.84  F=1501d+2.09 F~0.959d+1.14

7 R>=0.95 R>=0.86 R>=0.91
p F2401d+140  F=22794+0.77  F:=1.491d+0.09

: R>=0.99 R>=0.98 R>=0.98

% 3 [A PDC JIRIIRIZ HREIRIRE LT X HR
Table 3 Variation of cutting forces with cutting depth for circular

PDC cutters

%] C50 JE L C40 R+ C30 R+
g F0.606d+0.06  F=0.417d-0.10  F:=0.383d-0.19
T R=0.99 R?=0.89 R>=0.92
p F73.790d-041  F=3.3584-1.17  F,=2.909d-1.04
7 R=0.98 R?>=0.97 R?>=0.95
g F:=5.943d326  F=4377d-2.38 F~3.851d-2.21
R=0.93 R?=0.95 R?>=0.93

2.3 TR IR SO RL SR BE X T E 32 A B
SN, HARIUH R AR & . 113k 4 P’y PDC J)
HYIHI32 /1R85 (o) ZRUWERMEIE KR, JIRZ)
B L SR R SR LS T R e T I e R R T LA
FIT TR AN R M B 44 RS2 EE T 1) T B2 18 L -

% 4 PDC JIAYVIRIZ HHERE T X &R
Table 4 Variation of cutting forces with strength for PDC cutters

%] [ PDC JJ H. HEJE PDC JJH
7 F=0.0360-0.04 F.=0.0345+0.34

¥ R?=0.92 R*=0.65
" F,=0.1485+3.56 F,=0.3995-4.64

Y R?=0.90 R?=0.82
" F.=0.30005+0.27 F.=0.3430-1.78

: R?=0.83 R?=0.89

4 %5 g

CL b SR ARk Hh it 57 0L P A7 72 X6 T L2 78

PE R NI RCR I 53 . W32 Tk shie N, Bk
TREE L2 1k st fm v, IRE 2 I It o 2
Fo JIEGSRUIEIRE TR, S22 mE i, 5K
i I REUIER R BRI . TREE LR
DIMNAE N 4 mm, FRRE L KRR VIEIREE RN 5
mm, I PR VIHIREE KT 6 mm. B85 H0RL 58
i, ik G2 R BB R BN IR

OH T RLRE XS T) B2 SR HISCR A %
A A dsess (=N s e 2 PR | E WA (NP R DA E 31
BN RIZOE AL . M R RSy, IR
FRE B v, BTS2 A Bk S LU B AR R, SN )
B, [EJE PDC JJEYIHI C30. C40 F1 C50 V& T
i, DIt Re  BITEVIEIR KT 3, 2.5, 2 mm B
ER e /ME . #ERL PDC JJ B YIEIZ NRIN 1, i
DIHILLRETE /N

(3)JE R T 5Z BT R P 3 IR B B 2 1
VR R, ZRMEXRRIRHRRIH LR RHE: C30 R
Kt >C30 PR A >M30 #b3, C50 JREEL> C40
TREE> C30 JREE. PDC JJEVIHISZ J1bt 58 AR AL
LRPEIR I OC R, J) 52 It b T A AL B 1 0 T 3G A

F 25927 RA/Conflict of Interests: FTA 134 75 B ASAEAEF 35
H59<, All authors disclose no relevant conflict of interest.

{3 5T#k/Authors' Contributions: X[SJ& 1% 1 57T I AL
SGAE, e, RSV SO AT RS S, Tkt A DU
ZH5WCBEME S A 12 B R R i & R a3
%% . The experiment and draft writing were conducted by DENG
Longchuan. This study was supervised by LI Xiaozhao, ZHAO
Peng and XU Wentao. The manuscript was drafted and revised by
ZHANG Chi and LIU Sijing. All the authors have read the last

version of manuscript and consented for submission.

SE -

[1] DENG L C, LI X Z, XU W T, et al. Full-scale test of disc
cutter rotary cutting in TBM tunnelling: a case study of
Mawan granite in Shenzhen, China[J]. Geomechanics and
Geophysics for Geo-Energy and Geo-Resources, 2024, 10(1):
167.

[2] JIANG H, ZHU J C, ZHANG X Y, et al. Wear mechanism and
life prediction of the ripper in a 9-m-diameter shield machine
tunneling project of the Beijing new airport line in a
sand-pebble stratum[J]. Deep Underground Science and
Engineering, 2022, 1(1): 65-76.

[3] DENG L C, CHI-ZHANG, ZHUANG Q W, et al. Development

and application of a full-scale mechanical rock-cutting



9 1

HJette, S M BUR RO & R 7) BT HIE RERZ i 7t 1945

platform for measuring the cutting performance of TBM
cutter[J]. Measurement, 2022, 204: 112036.

[4] DENG L C, ZHANG F B, LI X Z, et al. Experimental and
numerical investigations on rock breaking of TBM disc cutter
based on a novel platform with rotational cutting[J]. Rock
Mechanics and Rock Engineering, 2023, 56(2): 1415-1436.

[5] skEW, 2= WL TLEA, 4% LT EDEM KOGt = A
W J) R BURAE AT SL (). 5 £ LRE 2R, 2024, 46(10):
2212-2220. (ZHANG Jinxun, LI Bo, JIANG Yusheng, et al.
Wear characteristics of shield cutters in sand-pebble strata
based on EDEM]JJ]. Chinese Journal of Geotechnical
Engineering, 2024, 46(10): 2212-2220. (in Chinese))

[6] REN D J, SHEN J S, CHAI J C, et al. Analysis of disc cutter

failure in shield tunnelling using 3D circular cutting theory[J].

Engineering Failure Analysis, 2018, 90: 23-35.

[71 DENG L C, LI X Z, CHEN Y W, et al. Investigations on
cutting force and temperature field of pick cutter based on
single factor and orthogonal test methods[J]. Rock Mechanics
and Rock Engineering, 2023, 56(1): 619-645.

(8] FEAKH, 5k %, 2 K, . HUECA 5T S ],
AR B% A 2 K, 2016, 53(2): 17-25. (GONG Qiuming,
ZHANG Hao, LI Zhen, et al. Development of a testing
platform for mechanical rock breaking[J]. Modern Tunnelling
Technology, 2016, 53(2): 17-25. (in Chinese))

91 i A BT, BEM Zaa 2 hR I s
BRI FE 0], A 1%, 2019, 40(7): 2628-2636.
(WEN Sen, ZHOU Shuyu, SHENG Guilin. Experiments on
the efficiency of rock fragmentation by rotary cutting in
composite rock strata[J]. Rock and Soil Mechanics, 2019,
40(7): 2628-2636. (in Chinese))

[10] ARFEIWL, ERHE, PUEM, 5. ZESHSASHERNR

JIRH 2 BE T2 [T]. WL K24 244 (L 24hR), 2018, 52(6):

1209-1215. (LIN Laikuang, XIA Yimin, JIA Lianhui, et al.
Influence of installation and tunnelling parameters on
rock-breaking resistance of disc cutter[J]. Journal of Zhejiang
University (Engineering Science), 2018, 52(6): 1209-1215.
(in Chinese))

[IT1]PAN Y C, LIU Q S, LIU J P, et al. Full-scale linear cutting
tests in Chongqging Sandstone to study the influence of

confining stress on rock cutting efficiency by TBM disc

cutter[J]. Tunnelling and Underground Space Technology,
2018, 80: 197-210.

(12] FMRNI, BREE, BaEik. VR TIHA I B T )45 e 73 A
MU SIS A L[] RBEEHE AR E TR, 2021, 21(26):
11383-11388. (SUN Zhenchuan, CHEN Xuefeng, YANG
Yandong. Experimental research on disc cutter load
monitoring and load distribution law[J]. Science Technology
and Engineering, 2021, 21(26): 11383-11388. (in Chinese))

[13] GENG Q, WEI Z Y, MENG H. An experimental research on
the rock cutting process of the gage cutters for rock tunnel
boring machine (TBM)[J]. Tunnelling and Underground
Space Technology, 2016, 52: 182-191.

(14] STEMR, (A%, =8, 55 TBM RJIEABDNIE
REMIZ MR AT 7T 0], BB RS 5 TRE2EH), 2023, 20(12):
4755-4768. (JI Guodong, FU Boyi, ZHANG Huijian, et al.
Study on the influence law of TBM disc cutter penetration on
the rock-breaking efficiency[J]. Journal of Railway Science
and Engineering, 2023, 20(12): 4755-4768. (in Chinese))

(151 & 77, X ¥, RESR, S ARE A NN SGmR
TIVIEIPEREXS L9 [3]. B, 2024, 50(7): 178-185.
(JI Fang, LIU Hao, SONG Zengliang, et al. Comparative
study on cutting performance of alloy teeth and smooth blade
hob under different rock[J]. China Measurement & Test, 2024,
50(7): 178-185. (in Chinese))

[16] XU H G, GENG Q, SUN Z C, et al. Full-scale granite cutting
experiments using tunnel boring machine disc cutters at
different free-face conditions[J]. Tunnelling and Underground
Space Technology, 2021, 108: 103719.

[177DENG L C, YUAN Y X, LI X Z, et al. Evaluation on cutting
performance of novel PDC cutter for pipe jacking machine[J].
Underground Space, 2024, 14: 34-52.

[18] DENG L C, YUAN Y X, ZHUANG Q W), et al. Novel PDC
cutter for reinforced concrete based on linear and rotational
cutting tests[J].
Technology, 2022, 129: 10468]1.

[19] XIONG C, HUANG Z W, YANG R Y, et al. Comparative

Tunnelling and Underground Space

analysis cutting characteristics of stinger PDC cutter and
conventional PDC cutter[J]. Journal of Petroleum Science

and Engineering, 2020, 189: 106792.



