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Abstract: The soils are a transfer medium between supporting force of excavation face and earth pressure of soil chamber, and
their performance directly affect the control of earth pressure of soil chamber, the supporting force of excavation faces, and the
deformation of soil stratum, and subsequently the stability of surrounding buildings. Through the preparation of coupling
procedures between discrete element and finite difference element, the dynamic excavation process of earth pressure balance
shield is realized, and the effects of soil conditioning on transfer of earth pressure and response of excavation surface formation
are analyzed. The results show that the earth pressure of soil chamber is not a stable value, which is a certain range of
fluctuations, and the closer its distance to the cutterhead, the greater the pressure fluctuations in the process of shield tunneling.
Under the excavation of shield machine, the rotation angle of cutterhead has certain influences on the internal and external earth
pressures of soil chamber. The pressures are relatively large when the panel of cutterhead goes to the horizontal line of the
monitoring point, whereas they are relatively small when the opening of cutterhead goes to the horizontal line of the monitoring
point. The soil conditioning increases the transfer coefficient, which is not a constant, but a variable value affected by the
rotation angle of cutterhead, and it reduces dispersion of earth pressures.

Key words: earth pressure balance shield; soil conditioning; coupling analysis; earth pressure of soil chanber; deformation of

soil stratum
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Fig. 1 Schematic diagram of shield machine
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Fig. 2 Schematic diagram of interface between discrete element

and finite difference element
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Fig. 3 Schematic diagram of contact between ball and wall
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Fig. 4 Flow chart of coupling analysis
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Table 1 Test program of gravel sand
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Table 2 Internal friction angles and cohesions of gravel sand
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Fig. 5 Stress-strain curves of soils under working condition 1
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Fig. 6 Stress-strain curves of soils under working condition 2
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Fig. 7 Stress-strain curves of soils under working condition 3
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Table 3 Inversion of coupling parameters under different working

conditions
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Table 4 Discrete element mechanical parameters of soils under

different working conditions
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Fig. 8 Model of coupling analysis
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Fig. 11 Layout of measuring points
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Fig. 12 Curves of earth pressures of soil chamber under working

condition 2
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Fig. 13 Curves of earth pressures at different internal and external

positions of soil chamber under working condition 2
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Fig. 14 Different angles of shield cutterhead
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Fig. 15 Transfer curves of earth pressures of soil chamber under

working condition 2
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Fig. 16 Curves of earth pressures at different inner and outer

positions of soil chamber under working condition 1
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Fig. 17 Curves of earth pressures at different inner and outer

positions of soil chamber under working condition 3
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Fig. 18 Curves of earth pressures at different inner and outer

positions of soil chamber under working condition 4
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Fig. 19 Curves of earth pressures at monitoring point No. 1 under

different working conditions
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Fig. 20 Curves of earth pressures at monitoring point No. 6 under

different working conditions

T T 1. T 2 FI T 4 6 77 %L
TEREAT G, SRR 5. e, TG 1 i
1A 6 W A R 3 53 0 86.8,126.6 kPa,
PIF 209 39.8 kPas i 2 IR A I 5 0 341
5398 83.7, 118.9 kPa, Wi k%0 35.2kPa; LIt 4
I P S s AT B 5009 81,9, 84.2 kPa, Wi
JE %R 2.3 kPa. IX 3R B 1 0 R BRI A 3 )
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BEHUVEBROR o L 23 A AN F) L0 T s s g RO AR e 22
ATRUR I, T 11 A e W p A bR v 25 5 31
122 A142.6; 00 2 WP RIARIEZE 20509 7.8 Al
24.0; Tt 4 WP RRMEZE TR0 6.8 F1 17.8,
x5 rEENFITE

Table 5 Statistics of earth pressures of soil chamber

T S-S5 1 M A 6 EMA  EE
Y /KP 86.8 126.6 39.8
TH 1 ?
PR 12.2 42.6 —
Y /KP 83.7 118.9 35.2
T2 ?
PRl 2= 7.8 24.0 —
Y /KP 81.9 84.2 2.3
T 4 ?
PRl 2= 6.9 17.8 —
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Table 6 Statistics of transfer coefficient of earth pressure of soil

chamber
B T ¥IE
T 1 0.48
JIETFE T2 0.47
T 4 0.65
T 1 0.73
JIBETHIAR T2 0.85
T 4 0.97
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Fig. 21 Curves of surface settlement along longitudinal direction

of tunnel
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