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Mechanical behavior and rheology model of foam-conditioned
gravelly sand in EPB shield tunneling

ZHONG Jiazheng', WANG Shuying"*, LIU Pengfei' , WANG Haibo'

(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. Key Laboratory of Engineering Structures
of Heavy Haul Railway ( Central South University) , Ministry of Education, Changsha 410075, China)

Abstract; To optimize soil conditioning method and ensure the stability of excavation face and high efficiency of
excavating, a good understanding of the mechanical behavior of conditioned soil in earth pressure balance ( EPB)
shield tunneling is essential. The pressurized vane shear apparatus was used to study the rheological behavior of
conditioned soil from gravelly sand stratum. Results of undrained lateral confining compression tests revealed the
relationship between the normal pressure and the compression strain of the foam-conditioned gravelly sand. Through
vane shear tests, the shear deformation process of the foam-conditioned gravelly sand was investigated, and the
peak and residual shear strength and corresponding effect factors were analyzed. Research results show that the
foam-conditioned gravelly sand conformed to compressible non-Newtonian fluid. Therefore, constitutive model of
compressible Bingham fluid for foam-conditioned gravelly sand was established based on rheology. The
compressibility coefficient and rheological parameters (i. e. , yield stress and viscosity) of the conditioned soil were
obtained by fitting the test results. The pressure dependence formulas of density, peak and residual rheological
parameters were proposed. The research can enhance the understanding of the mechanical behavior of foam-
conditioned gravelly sand, and provide a theoretical basis for computational flow simulation to accurately reflect the
macroscopic movements of conditioned soil in EPB shield tunneling.

Keywords: EPB shield tunneling; foam-conditioned gravelly sand; undrained lateral confining compression tests;

vane shear tests; compressible Bingham fluid
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Fig. 1 Grain size distribution of soil sample
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Tab.1 Physical characteristics of soil sample
TR/ T WIRTEALL/ % FLBTE DHEE/em  GEREE/em  NEEEfA/(°)  BiRII/KPa R T EE/ (kgom )
22.5 19 1.15 7.1 22.2 6 2.47 2027.1
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Fig.2  Slump test of conditioned soil
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Fig.3 Pressurized vane shear apparatus
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Fig.4 Schematic of cylindrical shear failure interface
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Tab.2 Conversion table of vane rotation speed and shear strain rate
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Tab.3 Compression strain under different normal pressure
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Fig.5 Fitting curve of normal pressure and compression strain
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Tab.4  Value of fitting coefficient (p =100 kPa, n =120 (°)/min)
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Fig. 7  Fitting curves of shear stress and shear displacement
under different working conditions
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Fig.8 Variation of peak shear stress with normal pressure
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Fig.9 Variation of residual shear stress with normal pressure
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Fig. 10  Variation of difference between peak and residual shear
stress with normal pressure
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Fig. 12 Fitting curves of peak shear stress and strain rate with

different normal pressures
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Fitting curves of residual shear stress and strain rate
with different normal pressures

%5 Bingham FEARTSHMAER (B TEERVIEA)
Tab.5 Fitted rheological parameters of Bingham model ( based

on peak shear stress)

RS /kPa SRR S1/kPa SBYEREE/ (KPa - s) R
0 2.380 22.133 0.98
50 2.390 22.834 0.98
100 2.384 24.863 0.99
150 2.511 24.848 0.99
200 2.541 24.912 0.97
250 2.898 25.931 0.91
300 2.990 29.279 0.95

% 6 Bingham HERTSHMSER (B THRRIYINS)
Tab. 6  Fitted rheological parameters of Bingham model (based

on residual shear stress)

HEJI/kPa JRIRALJ1/kPa BAVERIE/ (KPa-s) R
0 0.782 6.979 0.95
50 0.778 11.057 0.95
100 0.925 15.281 0.93
150 1.235 14.329 0.97
200 1.271 15.856 0.85
250 1.327 19.546 0.95
300 1.556 22.031 0.98
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