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Risk evaluation method for shield clogging based on interface adhesion force

FANG Yong', WANG Yubo!, WANG Kai', QIAN Jugiang?, CHEN Zhongtian', ZHUO Bin'
(1. Key Laboratory of Transportation Tunnel Engineering of Ministry of Education, Southwest Jiaotong University, Chengdu 610031,

China; 2. China Railway 14th Bureau Group Tunnel Engineering Co., Ltd., Jinan 250101, China)

Abstract: In order to accurately predict the risk of cutterhead clogging and provide the basis for preventing and controlling
cutterhead mud cake in the tunneling of high clay stratum, the laboratory tests are conducted by using the self-designed
soil-metal interface pull-out test device and the improved direct shear test device. The variation rules of the normal and
tangential adhesion forces of different soil samples under different consistency indexes are analyzed through the laboratory tests.
Based on the test results, a five-grade shield clogging risk zone map for adhesion force is proposed and used to evaluate the
conditioning effects of the strongly weathered mixed granite residue. The results show that the normal adhesion first increases
and then decreases with the increase of the consistency index, and the increase of the montmorillonite content decreases the
peak line consistency index of the normal adhesion. The friction angle and tangential adhesion of the whole samples remain at a
low level when the consistency index is less than 0.6. When the consistency index is greater than 0.6, the tangential adhesion of
the pure clay sample increases with the increase of the consistency index, and the tangential adhesion of the sandy soil sample
has a peak value near the consistency index of 0.9, and then decreases. The shield clogging risk zone map for adhesion force
can reflect the path of the change of shield clogging risk in the process of soil conditioning, and the effects of soil conditioning

can be evaluated.
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Fig. 1 Model for water action in interface adhesion
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Fig. 2 Schematic diagram of force calculation of adhesion
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Fig. 3 Schematic diagram of normal adhesion force
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Fig. 4 Interface adhesion pull-out test device
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Table 1 Parameters of test soil samples
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Fig. 5 Schematic diagram of tangential adhesion force
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Fig. 6 Schematic diagram of improved direct shear device
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Fig. 7 Relationship between normal adhesion and consistency index
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Fig. 8 Test data of improved direct shear test for kaolin soil with

consistency index 0.9

BRLRERTIE R M EE S 9, 10 B
e BFEAREUNT 0.6 I, AT LR RIKRE D458
SU, FEEGAM AR M SR e ME, STy
REELE, B LRERIBUEZENR AN 3T EREOR
T 0.6 (THLL, TR HAERG 1 1 A AR XA AE B
H LRV RN AW KT S0 R, T B A W
NFE LR, HEWEBR, UIRR I, EE
BEABOR, RYIE S D LA b B A o5 E B, T
A0 BRI, UIRREM EOR. dE
F1 JEE 5 410 AT LR 2 i 8RR 5 7K 3 486 T AT
NEREE RIS . AT IR AERE R AR XA R
L AREVITE RPN 77 8 5 R P AR e HE i B S 1



9

W AR RIAEARE AR 2 1.1 B, IRA DI LRI RINE
TIHER AR % 0.9 MITATVE(E, BEJRREIR, AZtbiZk
st IE HETPN U RNk

501 i i
——
ke
40 - - ¥ - 75%i8+25% 8
-+ -50%3E+50%
o - - 25%IB+75%
& > RMAGR AR A
< 30
R
Z
‘§ 20+
R
101
0 L L :_ S
1.2 1.0 0.8 0.6 0.4 0.2

B

9 FEMERBTYIERM Lk

Fig. 9 Tangential adhesion-consistency index curve
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Fig. 10 Relationship between friction angle and consistency index
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Fig. 12 Risk assessment diagram of shield clogging
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Fig. 13 Risk judgment diagram of normal and tangential adhesions
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Fig. 15 Risk evaluation of shield clogging based on interface

adhesion force
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Fig. 17 Prediction chart of clogging risk (Hollmann et al(?%)
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Fig. 18 Influences of dispersant injection on shield clogging risk
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Fig. 19 Prediction chart of clogging risk (Hollmann et al(?%)
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