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Rapid Stability Evaluation Method for Tailings Dam in Flood Season
Based on Critical Rainfall Pattern Curve
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(School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, Shandong, China)

Abstract: To rapidly evaluate the stability of tailings dams in flood season, the safety factor and reliability indices were
selected to define the critical state of tailings dams. After unsaturated seepage analysis and limit equilibrium analysis, a
safety evaluation method for tailings dams in flood season was proposed based on the Critical Rainfall Pattern Curve
(CRPC). An orthogonal test results show that the physical parameters of effective internal friction angle ¢', saturated
hydraulic conductivity K, V-G model fitting parameter a, effective cohesion ¢’ of tailings sand, and V-G model fitting
parameter n were in a descending order in terms of their influences on safety factor-based CRPC. The parameters of ¢’
¢" and K, mainly control the horizontal variation of CRPC, while the parameters of ¢ and n dominate its vertical
variation. On this basis, ¢’, K_, a and ¢ are selected to establish the reliability index-based CRPC. Parameter analysis
results indicate that the area of the stable region of the reliability index-based CRPC gradually decreases with the
increase of the coefficient of variation (COV) of ¢', ¢', K, and a, among which the COV of ¢’ exerts the most
significant impact. Based on the measured rainfall records in flood season, two types of CRPC were adopted to assess
tailings dam stability and early-warnings were provided. Based on comparison with the statistical data from local safety
monitoring departments, it is recommended that the safety factor-based CRPC method be adopted when the statistical
characteristics of soil parameters are unknown.
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Table 4  Orthogonal test design and results

EALTSES

A y
s ¢’ @' K,/107¢ a n S
1 3.2 23.4 1.2 100.02 2.60 897.75
2 3.2 23.4 1.2 100.02 3.25 895.58
3 3.2 23.4 1.2 100.02 3.90 887.61
4 3.2 26.0 3.0 166.70  2.60  647.17
5 3.2 26.0 3.0 166.70  3.25 617.77
6 3.2 26.0 3.0 166.70 3.90 596.21
7 3.2 28.6 4.8 233.38 2.60 1000.00
8 3.2 28.6 4.8 233.38  3.25 1000.00
9 3.2 28.6 4.8 233.38 3.90 1000.00
10 4.0 23.4 3.0 233.38 2.60 511.03
11 4.0 23.4 3.0 233.38 3.25 483.67
12 4.0 23.4 3.0 233.38 390  467.81
13 4.0 26.0 4.8 100.02 2.60 931.22
14 4.0 26.0 4.8 100.02 3.25 926.06
15 4.0 26.0 4.8 100.02  3.90  920.91
16 4.0 28.6 1.2 166.70  2.60 1000.00
17 4.0 28.6 1.2 166.70 3.25 1000.00
18 4.0 28.6 1.2 166.70 3.90 1000.00
19 4.8 23.4 4.8 166.70  2.60  727.12
20 4.8 23.4 4.8 166.70 3.25 707.30
21 4.8 23.4 4.8 166.70 3.90 693.75
22 4.8 26.0 1.2 233.38 2.60 917.49
23 4.8 26.0 1.2 23338  3.25 916.00
24 4.8 26.0 1.2 233.38 3.90 915.18
25 4.8 28.6 3.0 100.02 2.60 1000.00
26 4.8 28.6 3.0 100.02 3.25 1000.00
27 4.8 28.6 3.0 100.02  3.90 1000.00
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Table 5 Mean value and range results of orthogonal test

K e ¢’ K, o n
1 838.0 696.9 936.6 939.9 848.0
2 804.5 820.9 702.6 776.6 838.5
3 8752 1000.0 878.5 801.2 831.3
A 70.7 303.1 234.0 163.3 16.7
HEF 4 1 2 3 5

R6 AENWER

Table 6 Analysis of variance

HE HHEE  AdjSS Adj MS FAE P1E
! 2 22503 11251 107.29 <0.001
@' 2 418 093 209 047 1993.32 <0.001
K, 2 267 178 133 589 1273.81 <0.001
a 2 139517 69 759 66 517.00 <0.001
n 2 1263 632 6.02 0.01
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