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Experimental study on the time-dependent swelling characteristics of red-bed
mudstone in Central Sichuan
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Abstract: The Jurassic red-bed mudstone, widely distributed in Sichuan basin and the peripheral mountains and
named as Sichuan Central Red-bed, is a typical kind of soft rock with low strength, easily weathering and
disintegrating, notable rheology and slightly swelling, and taken as one of the most important factors resulted in
the upheaval deformation of some high speed railway subgrade sections. In order to reveal the time-dependent
swelling characteristics of red-bed mudstone under soaking condition, the expansion tests were carried out on
typical Central Sichuan red-bed mudstone samples, and the hydrophil expansion deformation of red-bed mudstone
with time and the influence factors were analysed. The results show that as indicated by the conventional swelling
index, the selected red-bed mudstone is non-swelling or weakly swelling, and that the water-absorption expansion
rate is low but time-dependent significantly. A swelling creep model of red-bed mudstone was proposed based on

the Kelvin system, in which the creep parameters, K and 77, can effectively quantify the ultimate swelling strain
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and viscous properties during creeping, respectively. The structure of undisturbed rock samples is an important

factor influencing the water-absorption. The grain size of the maximum content group, dm.x> the weight ratio of

fine and micro particles, @) o, and the effective particle size, d}o, obtained through the sieve tests, can quantitatively

evaluate the water-absorption and swelling characteristics of red-bed mudstone. The smaller dy,,.x and dy> the larger

@ ois and as a result, the water-absorption and swelling are stronger. The research work can provide a reference

for revealing the long-term upheaval mechanism and demonstrating the treatment scheme of high speed railway

subgrade Sichuan Central red-bed mudstone, and also laid a basis for the further quantitative research of red-bed

mudstone on the physical, hydraulic and mechanical properties and their relationships.

Key words: rock mechanics; red-bed mudstone; swelling; creep model; water-absorption rate; structure of

undisturbed rock samples
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Fig.1 The typical Central Sichuan red-bed mudstone
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Table 1 XRD mineral analysis results of mudstone
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Table 2 Experimental results of soaking swelling

G5 BR Wol% wil% wo/% /% $241/% S100n/% S2000/% K 7 R
R-1 3.06 11.48 8.42 4.78 96.82 99.79 - 4.671 1.324 0.991
R-2 3.06 4.87 1.81 0.89 89.61 93.45 97.74 0.842 0.724 0.964
G-1 2.97 6.70 3.73 1.93 76.64 89.64 95.51 1.723 0.338 0.946
GR-1 JEIMIER 5.57 8.60 3.03 1.84 90.53 97.83 - 1611 1.136 0.904
R-3 0.00 13.35 13.35 5.30 97.74 99.38 - 5.169 3.107 0.990
G-2 0.00 14.94 14.94 5.71 95.66 99.82 - 5.587 0.969 0.984
R-4 MR L3R 5.19 8.92 3.73 1.80 96.06 98.53 - 1.772 1.574 0.990
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mudstone samples
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Fig.12  Sieving of rock debris after expansion tests(unit: mm)
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Table 3  Grain screening results of rock debris

H5 wl% &% dpdMM Ouna/% @10/% dyo/mm
R-1 842 478 5~10 53.8 32 1.38

R-2 1.81  0.89 =20 95.2 0.4 10.54

G-1 3.73 193 10~20 36.8 5.9 1.21
GR -1 303 1.84 =20 62.6 0.5 5.66

R-3 13.35 5.30 5~10 50.1 10.0 0.36

G-2 1494 571 10~20 40.6 8.3 0.56

R-4 3.73 1.80 10~20 74.7 1.0 2.83
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Fig.13  Grain screening curves of rock debris
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Fig.14 Telationship between the effective grain size of rock

debris and the water-absorption
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Fig.15 Influence of lateral restraint on the volumetric

swelling strain of mudstone
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