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Wear characteristics of shield cutters in sand-pebble strata based on EDEM
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Abstract: In order to reveal the wear characteristics of typical EPB shield cutters in sand—pebble strata and guide the design
and layout of shield cutters in the strata, the particle-cutter wear contact parameters are calibrated through the indoor triaxial
tests and discrete element software simulation analysis of EDEM. An EDEM numerical shield model for the sand—pebble strata
is established based on the Beijing New Airport Line section from Cigezhuang station to No.1 air shaft in the sand—pebble strata.
The wear characteristics of typical rippers and scrapers during soil pressure balance shield tunneling in the sand—pebble strata
are visualized, and the model is verified through an actual project. The research results show that: (1) The rippers for plowing
loosely the undisturbed soils are the essential cutting tools with an excessive wear, and the manifestation is continuous friction
and wear on the alloy surface of the cutting head and at the blade edge. (2) The scraper for the purpose of stripping and
discharging is mainly characterized by random pitting wear on the soil surface of the blade body and the alloy surface of the
blade head, and the wear amount is small. (3) The wear amount of the radial cutter of the cutterhead increases with the increase
of the radius of the trajectory and the height of the cutter body. The wear coefficient of the high cutter is higher than that of the
low cutter on the same trajectory, and the high cutter has a protective effect on the wear of the low cutter. The gradient
arrangement of cutters can extend the single continuous excavation distance and improve the efficiency of shield tunneling in

the sand-pebble strata.
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Fig. 1 Grain-size distribution curve of sand and gravel particles
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Table 1 Proportion of soil with different particle sizes

Hi4%/mm 60~120 40~60 20~40 <20
JUEH 5 /% 6.9 11.6 24.4 57.1

BT EWNKEA =R, iR Ll
UFRE R RS T JR 30 B B K I, AR RS 300
mm X 600 mm, 735l Bl K8 0.1, 0.2, 0.3, 0.4 MPa
TR = K 25, A R B R
15%HF CARFEREIR,  FEic ke ih 28 Akt . el P
2 ATLVEH, fERAE S EEEMERT, {2
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Fig. 2 Failure characteristics of specimen
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Fig. 3 Numerical triaxial shear tests
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Fig. 4 Stress-strain curves of specimen
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Table 2 Contact parameters

Al or " ,L_;;;ﬁ " "
A~k 28 0.7 0.001 0.25
LUpAsrliS 0.7 0.001 0.25

A [ 0.8 0.04 0.75
=3 HREH
Table 3 Material parameters
. ZH
B P HRkgm?) R

JE R 7.9%10'0 7800 0.25

LTS 7.9%10'0 7800 0.25
5P kL 1.12X 107 2200 0.27
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Fig. 5 Principle of Archard wear model
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Table 4 Parameters of shield tunneling
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Fig. 11 Relationship between wear value of ripper and length of

cutting trace
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Fig. 12 Wear characteristics of ripper
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Fig. 18 Comparison of wear conditions of high and low rippers on

same trajectory
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