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Fig.1 Schematic diagram of capillary rise of tailings dam
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Fig. 2 Particle size distribution curves of
tailings: (a) Tail fine sand; (b) Tail silty sand;

(c) Tail silty soil

Table 1 Particle composition parameters tailings and main physical property indexes of tailings

Particle group

Particle size Effective grain size, Median grain size,

Constrained Uniformity Initial moisture

range/pum dyo/um ds/um grain size, dgo/um  coefficient, C, content, w/%
Tail fine sand 125-180 69.12 134.19 155.12 2.24 2.51
Tail silty sand 75-125 29.20 98.63 114.26 3.91 2.92
Tail silty soil 5-75 7.13 34.6 42.56 5.96 3.31
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Fig. 3 Schematic diagram of capillary water rising apparatus: 1—Tube wall; 2—Tailings; 3—Water sensor; 4—Cloud module; 5—

Distortionless microcope; 6—Water source; 7—Valve; 8—Water storage tank; 9—Trestle; 10—Porous disk; 11—Constant speed

water supply pipe; 12—Scupper & outlet pipe; 13—Constant water lever; 14—Water-in; 15—Water-out; 16—Geotextile
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Table 2 Main technical indexes of SM3001B

Moist . T t
Probe Probe o1 gre Temperature Response Moisture erperatire
. measuring . . measurement ~ Voltage/V
length/mm  diameter/mm range/C time/s accuracy/% .
range/% accuracy/C
75 3 0—100 -30—60 <1 3% 0.5 0—10
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Fig. 4  Relationship between capillary
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sand; (b) Tail silty sand; (c) Tail silty soil
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Table 3 Capillary water height fitting equations for tailings with different particle size

coefficient

. Average particle . . Regression
Grain group . Fitting equation .
size/um a b ¢ coefficient
Tail fine sand 152.5 6.59 —6.35 0.18 y=6.59+6.35 In(x+0.18) 0.9924
Tail silty sand 100 -21.05 -12.1 0.5 y=-21.05+12.10 In(x+0.5) 0.9352
Tail silty soil 40 —138.98 -31.85 96.93 y=—138.98+31.85 In(x+96.93) 0.9924
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Fig. 5 Relationship between rising velocity of wetting front

and water absorption time: (a) Tail fine sand; (b) Tail silty sand;

(c) Tail silty soil
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Table 6 Comparison of capillary water height

Time/min
Height/cm
Tail fine sand Tail silty sand Tail silty soil
10 23 11.5 10
20 9.5 46 41
30 32.5 112 101
40 144 250 200
50 686 399 307
60 6800 666 433
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Fig. 7 Time effect during saturated front rising: (a) Initial
state; (b) Capillary water begins to rise; (c) Saturated capillary
zone increased to 5 cm; (d) Saturated capillary zone increased
to 25 cm; (e) Saturated capillary zone increased to 30 cm and

final stable state
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Experiment on tailings capillary characteristics based on
particle size effect

LIU Di"?, LU Cai-wu®?, LIAN Min-jie>**, GU Qing-hua®*

(1. College of Materials Science and Engineering,
Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. School of Resource Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
3. Institute of Mining System Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
4. Sinosteel Mining Co., Ltd., Beijing 100080, China)

Abstract: Using a self-developed system for online monitoring capillary rise test (OM-CRT) to explore the effect
characteristics of tailings particle size on capillary water rise of tailings dam, the whole process of capillary water rise
was tested according to the tail fine sand, the tail silty sand and the tail silty soil of different particle sizes, the relation
curves and fitting equations of the rise height, rise speed and time of capillary water in tailings are obtained, and the
variation rule and influencing factors of water content in capillary zone in different profiles with time were analyzed. The
results show that the wetting front and time is logarithmic relationship when the tailings capillary water rises. The
capillary water rises quickly in early trial, but with the test time increasing, the capillary water rises slowly and stops
rising eventually. Therefore, the height and velocity of capillary water rise are negatively correlated with the tailings
particle size. The relation between the instantaneous water content change and time in different profiles is similar to the
characteristic curve of water and soil, showing the shape of ‘S’. The moisture content in three cylinders decreases with
the height increasing. The moisture content in the capillary zone of the bottom of the tail silty soil sample is 23.77%,
which forms a stable saturated capillary band of 300 mm. Through the relation between capillary diameter and tailings
particle size is established, and the relation between particle size and capillary water rising height is further deduced. The
capillary water rising test proves the existence of suction and capillary action in tailings and further verifies the principle
of interface action. The research results can lay a foundation for the dam stability analysis method and theory under the
influence of capillarity, and provide a new approach for the stability study of slope engineering.

Key words: tailings; particle size effect; capillary characteristics; capillary water rising height; instantaneous water

content; saturation capillary zone
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