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Release rate of disintegration surface and disintegration characteristics of
red-layer soft rock
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Abstract: The variation of the disintegration characteristics of red-layer soft rock with changes in water content has significant
engineering importance. To accurately describe the disintegration characteristics, it is necessary to propose appropriate disintegration
indices. Currently, widely used disintegration tests under drying-wetting cycles cannot measure the continuous process of
disintegration rate as water content changes. Commonly used disintegration indices, disintegration resistance index /¢ and
disintegration rate Dg, are unable to accurately measure the degree of disintegration or distinguish differences in disintegration
characteristics. To address this issue, a method for calculating the surface area of granular materials was derived. A new disintegration
index, the disintegration surface release rate (Ds), was proposed, and the differences between various disintegration indices were
compared. Water immersion and disintegration tests were conducted to study the impact of the number of drying-wetting cycles on
Ds. Discrete element method (DEM) simulations were performed to study the impact of moisture content on Ds. The results show that
Ds has an accurate physical meaning and accurately describing the influence of particle size on the disintegration rate. With the
increase in the number of cycles, the Ds change rate reaches its maximum after the second drying-wetting cycle, and Ds tends to
stabilize after the fifth disintegration cycle. As disintegration time (f) increases, Ds exhibits a nonlinear change, initially increasing
and then stabilizing. Ds shows a linear relationship with saturation (Sr). This research is of great significance for the engineering
application and disintegration prediction of red-layer soft rock.
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Fig.1 Actual gradation curve and gradation curve
obtained by sieve analysis
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Table 1 Gradation distribution and cumulative surface
area of the disintegrated sample

R AR EIb ke EXiAYiE SRR
/mm A /g Jem?
0.5 100 0.02 0.79
1.0 100 0.15 3.93
2.0 100 1.19 16.49
3.0 100 4.73 44,77
4.0 100 13.11 95.03
5.0 100 29.47 173.57
7.0 100 74.37 327.51
9.0 100 169.79 581.98
10.0 100 300.69 896.14
12.0 50 413.79 1122.33
14.0 50 593.38 1430.21
16.0 50 861.47 183233
18.0 10 937.81 1934.12
20.0 10 1042.53 2059.79
22.4 10 1189.65 221742
25.0 1 1210.10 2 237.05
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Table 2 Sieve analysis results of the disintegrated sample

Jiii > fLA2/mm Skl i E A %
2.0 0.10
5.0 244
10.0 24.85
16.0 71.19
24 98.31
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Fig.3 Relationship curve between P and 6mo/pd
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Table 4 Calculation results of Ds
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Fig.7 Disintegration process in different drying-wetting
cycles of sample RWMS#3
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Table S Basic parameters of the initial sample
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Fig.9 Relationship curves between P and 1/d of
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Table 6 Calculation results of Dp, Ia and Dr under
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B RWMS#1 RWMS#2 RWMS#3
U py I, D D Ib Dx D» I Dy
036 075 0.14 063 092 032 078 096 0.58
0.15 037 0.06 038 0.75 0.15 059 090 0.32
0.11 025 0.05 027 058 010 050 082 0.25
0.08 0.17 0.04 0.13 032 004 041 072 0.20
0.07 0.14 0.04 0.11 027 003 035 066 0.15
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Table 7 Correspondence between thermal conductivity
parameters and infiltration parameters
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Fig.20 Calibration results of soil moisture diffusivity
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Fig.21 Variation of moisture field in sample RWMS#3 and disintegration of the sample with soaking time
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distribution curves with disintegration time
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