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One-dimensional compression theoretical model for shield foam-conditioned
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Abstract: Under the state of chamber pressure, the pore pressure of conditioned soil will be generated, and it can balance the
water pressure in front of the excavation to reduce the level of groundwater infiltration. Therefore, one-dimensional
compression calculation of conditioned soil is of great significance for guiding the safe excavation of shield. Therefore, based
on the Boyer' s law and the discontinuous particle accumulation theory, the model for calculating the undrained pore pressure
considering gradation parameters and soil-conditioning parameters is established. According to the deformation characteristics
of foam-conditioned soil, the method for the initial compression modulus Es is proposed, and the compression model for the
foam-conditioned soil is established. Furthermore, the compression model is introduced into the pore pressure model, and a
simple model for the pore pressure is proposed. In order to verify the reliability of the proposed model for the pore pressure and
compression, the undrained one-dimensional compression tests on the foam-conditioned coarse-grained soil with different
gradations are carried out by using the self-designed large-scale compression devices, and the measured values of pore pressure
and compression are obtained. The comparison between the measured and calculated values shows that the pore pressure model
and compression model can describe the variation of the pore pressure and compression of foam-conditioned soil under
different gradations. The foam injection ratio and gradation have a significant impact on the pore pressure of the
foam-conditioned soil.
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Fig. 1 Grain-size distribution curves of various soil specimens
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Table 1 Basic physical parameters of various soil specimens

, deo/ TEE BRI,
Lo mm C G (g-em’) FR bt iks
1 1.3 1.5 10 1.632 0.809 SF
2 1.8 1.5 10 1.648 0.820 SW
3 2.3 1.5 10 1.621 0.877 SW
4 3.0 1.5 10 1.593 0.858 GW
5 4.0 1.5 10 1.623 0.854 GW
6 3.0 0.6 10 1.679 0.784 GP
7 3.0 24 10 1.489 0.908 GW
8 3.0 32 10 1.456 0.952 GP
9 3.0 40 10 1.402 0.990 GP
10 3.0 1.5 3 1.365 1.033 GP
11 3.0 1.5 5 1.493 0.917 GW
12 3.0 S5 15 1.630 0.761 GW
13 3.0 S5 25 1.695 0.737 SW
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Fig. 2 Large-scale compression devices
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Table 2 Foaming and performance parameters of foam
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Table 3 Initial void ratios and saturations of foam-conditioned soils with different gradations
C~=l1.5, C=10 deo=3 mm, C,:=10 deo=3 mm, Cc=1.5
deo/mm €, St Ce N St Cu N St
1.3 0.935 0.2853 0.6 0.985 0.2683 3 1.488 0.1785
1.8 1.027 0.2589 1.5 1.136 0.2340 5 1.251 0.2123
2.3 1.095 0.2429 2.4 1.219 0.2182 10 1.136 0.2340
3.0 1.136 0.2340 3.2 1.282 0.2074 15 1.006 0.2644
4.0 1.289 0.2061 4.0 1.383 0.1923 25 0.905 0.2938
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Table 5 Volume deformations of foam-conditioned soils under different vertical pressures

C~=l1.5, C=10 deo=3 mm, C,:=10 deo=3 mm, C=1.5
B/
‘Pa deo/mm Ce Cu
1.3 1.8 2.3 3 4 0.6 1.5 2.4 3.2 4 3 5 10 15 25
50 326 30.7 284 256 32,6 252 25.6 29.1 28.1 29.1 31.6 31.9 256 255 246
100 479 445 405 362 479 342 36.2 41.1 40.0 41.0 45.4 46.0 36.2 355 348
200 582 545 493 434 582 41.0 43.4 49.7 48.2 49.6 54.4 577 434 424 415
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