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deformation.
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Table 1 80 slopes with deformation monitoring
5 ESER X FRNE  SHEE| F5 ESER X HRNE  SHUR

1 )1 #4 i Rk [24] 41 Badong i R K [48]
2 Daye L 4355] [25] 42 Badu L F& TN [49]
3 Baishi LY . P [25] 43 Baijiabao Ex HORAK. BER [50]
4 Jiminsi EE FE R [25] 44 Baishuihe EE HFAKL BRSO [51]
5 Huanglongxicun el PR THREVESD [26] 45 Huanglianshu el HRAK. BRSO [52]
6 Maoxian Ly WE. RN [27] 46 Kualiangzi (gps01) i HFK. B [53]
7 R LS 4355) [28] 47 Kualiangzi (gps02) L HFKS BER [53]
8 Saleshan L PRy, Hh [29] 48 Laxiwa i R K [54]
9 ES SNy L KA W5 [3] 49 Longjingwan 2] [6355] [55]
10 Wangxia H KUEB . BER [30] 50  Loudi-xinhua highway w Bie [56]
11 Xintan L [ 355) [37] 51 Majiagou L HRK. BN [57]
12 AR Sl e K 1R [31] 52 Shiliushubao el WK, BER (58]
13 Amyntaion mine 7 it KW BEW [32] 53 Shuping L HFKS BERN [59]
4 EREER A W 5] | 54 WestOpenPitminein g I [60]
15 Anguran mine R % [33] 55 Woshaxi el WK BRSO [61]
16 Betze-posti X #  KE 355} [34] 56 Wu gorge I R K [62]
17 Betze-posthi X Rl 3 HiR K [34] 57 Waushan town L HR K [63]
18 Liberty pit mine EH KRGS [34] 58 10-mile slide JIEDN UKok [64]
19 Nameless landlside ES PRIRCE) [79] 59 Ripley JIEPN R K [65]
20 Cadia gold mine L KF| L PRIRET) [35] 60 Ampflwang B R R [66]
21 W::; t?ggpeiltas WRRT RS [36] 61 An °p%‘r§gcgline in o [ 33]
22 North deposit pit ~ MAFIW Kb V&S] [36] 62 Mavropigi e R RN [67]
23 Cavallerizzo BORH BEM. B [37] 63 Banjarnegara E[EE e P I G355} [68]
24 Gallivaggio sanctuary = AR KALIEA. BEW  [38] 64 Betze-Post (northeast) %£[H PRI [79]
25 La saxe YN EH [39] 65  Washington park reservoir 3¢ 4355 [69]
26 #1MH =yl 4355] [40] 66 Biiyiikgekmece +THH FERN . HhE [70]
27 #OE 1 =9 4355) [40] 67 Collslar mine +HIH RN . Rl [71]
28 #1073 B [Eas) [40] 68 Castelrotto B Wt [72]
29 Mt. Beni =yl [&= [41] 69 Cortemilia v sy [73]
30 Stromboli volcano YN Kk [42] 70 Creda ol 355} [74]
31 Volterra =Nl HUR K [42] 71 La borra ol [ 355) [74]
32 (ben‘clﬁiﬁgk 5) v~ H Rk [43] 72 Monte Ombraro NG| [G35] [74]
33 (benc‘ﬁl(ﬁ( s KA K [43] 7 Palagano PN W [74]
34 Vajont (benchmark63) & KF R K [43] 74 Landslide A R 3] [75]
35 (bencﬁ:’a’i 67) M K [43] 75 Landslide B bw il HE [75]
36 A B PE R K [32] 76 La Clapicre EE IR B [76]
37 Kagemori quarry HA KW 155 [44] 77 Super-sauze % G355 [76]
38 Ohto H Ea] [45] 78 Taihape v [ 355) [77]
39 Nevis bluff Brvcs TR [46] 79 Utiku F = [E355] [77]
40 Preonzo Fifj 1= 355 [47] 80 Kashio HAx Bie 1 [78]
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Table 2 The calculated results of displacement

F5 d, (mm) d, (mm) d,, (mm) d, F5 d, (mm) d, (mm) d,, (mm) d,
1 224 312 574 2.98 41 - - - -
2 1046 1172 1597 3.37 42 12 25 33 0.62
3 11786 41736 52345 0.35 43 4 14 29 1.50
4 51 68 324 15.06 44 167 378 472 0.45
5 24 312 415 0.36 45 - - - -
6 372 582 99.6 1.97 46 - - - -
7 212 584 1584 2.69 47 - - - -
8 82 241 762 3.28 48 0 2200 4950 125
9 92.1 127.4 391.8 7.49 49 - - - -
10 227 364 635 1.98 50 18 70 130 1.15
11 - - - - 51 121 171 268 1.94
12 - - - - 52 786 1123 1985 2.56
13 - - - - 53 115 516 1505 2.47
14 371 768 5911 12.95 54 8 53 97 0.98
15 - - - - 55 1815 3233 4448 0.86
16 - - - - 56 32 48 62 0.88
17 - - - - 57 950 1550 2950 2.33
18 - - - - 58 1225 3345 6094 1.30
19 - - - - 59 - - - -

20 14 27 73 3.54 60 5 8 12 1.33
21 - - - - 61 2400 3500 4600 1.00
22 - - - - 62 - - - -
23 - - - - 63 - - - -
24 9 18 236 2422 64 - - - -
25 51 58 65 1.00 65 - - - -
26 9 18 154 15.11 66 - - - -
27 11 24 65 3.15 67 - - - -
28 6 38 155 3.66 68 9 28 47 1.00
29 247 549 2573 6.70 69 8 10 14 2.00
30 - - - - 70 - - - -
31 - - - - 71 - - - -
32 - - - - 72 - - - -
33 - - - - 73 - - - -
34 - - - - 74 38 197 342 0.91
35 - - - - 75 23 67 154 1.98
36 - - - - 76 98 3894 14670 2.84
37 52 92 350 6.45 77 147 623 987 0.76
38 23 64 268 498 78 5980 8670 12230 1.32
39 42 108 279 2.59 79 151 175 196 0.88
40 401 453 1454 19.25 80 0 2 27 12.50
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Table 3 The calculated results of d,, heteroscedasticity ¢ test

S8 MR RGN, RWIR G d,
FHE 6.5059 1.8671
Wik 43.1445 5.5651
BURIUEIER 22 24
2 0
H HEdf 26
¢ Stat 3.1325
P(T<t)%Fe 0.0021
LA 2.4786
P(T<t)M R 0.0043
X A 27787
300
250 * BRIRRAINd, B
* RPN, E

200 4

, 150

12.95 (15B0x)

100

50
284 (15 Box)
* 199 (75%)
1.275 (50%)
0.895 (25%)
0.45 (1.5 Box)

B2 (MZhRZIED) 46T S Bild,, B A 2 BN IE 25 i 26

g

Figure 2 (Color online) The boxplot and normal curve of d,, of the 46
slopes.
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Table 4 The calculated results of velocity
F5 v; (mm/d) Vv, (mm/d) Vi F5 v; (mm/d) Vv, (mm/d) Vy
1 2.67 70.84 26.53 41 0.29 7.17 24.72
2 0.45 26.98 59.96 42 0.12 1.64 13.67
3 95.17 8115.84 85.28 43 0.41 6.55 15.98
4 0.079 15.09 191.01 44 2.18 8.91 4.09
5 7 300 42.86 45 3.31 73.88 22.32
6 0.069 0.78 11.30 46 2.45 23.95 9.78
7 3.12 48.4 15.51 47 243 24.67 10.15
8 0.71 8.43 11.87 48 7.45 92.32 12.39
9 78.09 1380.16 17.67 49 0.02 0.18 9.00
10 11.1 235.27 21.20 50 2.19 24.57 11.22
11 3.73 67.28 18.04 51 0.14 1.04 7.43
12 20.56 1385.28 67.38 52 13.32 192.87 14.48
13 26.1 833.33 31.93 53 1.24 7.94 6.40
14 2.04 114.13 55.95 54 1.56 8.73 5.60
15 1.85 60.23 32.56 55 20.8 91.1 4.38
16 41.37 500 12.09 56 0.05 0.29 5.80
17 14.7 235.24 16.00 57 0.0034 0.087 25.59
18 5.44 191.42 35.19 58 4.55 12.56 2.76
19 0.54 19.14 35.44 59 0.0012 0.011 9.17
20 0.062 1.68 27.10 60 1.01 20.63 20.43
21 0.15 0.5 3.33 61 5.97 25.7 4.30
22 0.92 8.98 9.76 62 12.89 115.41 8.95
23 8.12 59.57 7.34 63 0.6 6.68 11.13
24 32.72 1270.51 38.83 64 13.32 36.61 2.75
25 0.48 20.82 43.38 65 0.29 2.46 8.48
26 20.57 409.68 19.92 66 0.58 232 4.00
27 9.32 255.12 27.37 67 4.63 153.8 33.22
28 39.41 1537.13 39.00 68 0.0059 0.081 13.73
29 2.18 85.76 39.34 69 0.23 1.39 6.04
30 3.52 26.72 7.59 70 0.15 1.63 10.87
31 1.76 11.04 6.27 71 0.078 0.99 12.69
32 4.71 203.67 43.24 72 0.09 1.4 15.56
33 1.7 19 11.18 73 0.12 0.9 7.50
34 4.87 193.58 39.75 74 0.42 5.49 13.07
35 3.15 86.47 27.45 75 0.13 2.19 16.85
36 1.17 124.42 106.34 76 7.01 89.61 12.78
37 0.11 14.47 131.55 77 4.71 35.48 7.53
38 0.64 78.96 123.38 78 0.016 0.13 8.13
39 0.12 7.32 61.00 79 1.33 18.97 14.26
40 1.54 9.99 6.49 80 0.97 13.92 14.35
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Table 5 The calculated results of v,, heteroscedasticity ¢ test

S8 IR R v, RIEIRZ B v,
SEH) 40.1845 11.5388
Vi % 1540.2042 443524
IME 40 4
BT 2 0
ar 41
¢ Stat 45513
P(T<t)H.E 0.00002
LA 2.4208
P(T<t)M 0.0000
IRVGEAIE 2.7012
200 + . * IRIRZFIRNVIE
o RIEIRZEFIOVE
150
100 e oo -
oJEEE T e

B3 (MehoEl) 80U Sy, HFE 2 I A AS i 2k
Figure 3 (Color online) The boxplot and normal curve of v,, of the 80
slopes.
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Table 6 The calculated results of acceleration
e a, (mm/d%) a,, (mm/d%) a, = a, (mm/d) a, (mm/d%) a,
1 0.011 45.83 4166.36 41 0.016 0.11 6.88
2 0.023 2.87 124.78 42 0.017 0.11 6.47
3 89.02 6204.27 69.70 43 0.97 1.55 1.60
4 16.95 189.98 69.70 44 0.10 0.13 1.30
5 8.00 108.00 13.50 45 2.39 58.46 24.46
6 0.0042 0.060 14.29 46 0.45 8.76 19.47
7 0.39 1.24 3.18 47 0.40 6.04 15.10
8 0.016 0.09 5.63 48 1.67 3.79 227
9 8.61 23541.43 2734.20 49 0.00034 0.00059 1.74
10 0.46 64.10 139.35 50 291 14.89 5.12
11 0.00073 0.076 104.11 51 0.0012 0.013 10.83
12 2.29 638.83 278.97 52 4.87 14.43 2.96
13 17.70 382.65 21.62 53 0.087 0.11 1.26
14 0.17 53.72 316.00 54 0.011 0.19 17.27
15 0.032 7.18 224.38 55 1.03 2.64 2.56
16 29.19 2012.76 68.95 56 0.00023 0.0041 17.83
17 0.72 37.12 51.56 57 0.00037 0.0041 11.08
18 1.59 60.29 37.92 58 0.20 0.27 1.35
19 0.16 6.03 37.69 59 3.83E-07 3.61E-06 9.43
20 0.00022 0.047 213.64 60 7.94 194.63 24.51
21 0.011 0.16 14.55 61 0.62 14.99 24.18
22 0.030 2.52 84.00 62 1.36 42.84 31.50
23 0.42 94.90 225.95 63 0.050 1.04 20.80
24 244.43 47305.64 193.53 64 0.28 0.74 2.64
25 0.81 1340.73 1655.22 65 0.045 0.045 1.00
26 17.24 1641.60 95.22 66 0.007 0.10 14.29
27 37.80 1296.00 34.29 67 0.86 101.32 117.81
28 960.70 24165.39 25.15 68 0.0028 0.015 5.36
29 0.0052 8.37 1609.62 69 0.060 0.59 9.83
30 0.85 5.66 6.66 70 0.00026 0.0025 9.62
31 0.45 7.92 17.60 71 0.000033 0.00046 13.94
32 0.064 74.83 1169.22 72 0.00019 0.0018 9.47
33 0.024 8.93 372.08 73 0.00014 0.0012 8.57
34 0.039 65.30 1674.36 74 0.010 0.083 8.30
35 0.023 26.08 1133.91 75 0.026 0.045 1.73
36 0.21 54.35 258.81 76 0.000092 0.00093 10.11
37 0.028 1.09 38.93 77 5.47 11.88 2.17
38 0.34 41.75 122.79 78 0.000079 0.00012 1.52
39 0.0033 0.62 187.88 79 0.69 7.07 10.25
40 0.13 2.65 20.38 80 0.97 13.82 14.25
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Determinations of the early warning threshold for creep landslides and
their applications

ZHOU XiaoPing', YE Teng' & HUANG XiaoCheng’

" School of Civil Engineering, Chongqing University, Chongqing 400044, China;
* School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China

The accuracy of the threshold is very important for early warning of slopes. However, the existing slope failure threshold criteria are
insufficiently accurate and have limited applicability. This paper proposes three dimensionless parameters based on slope deformation
displacement, velocity, and acceleration and statistically analyzes 80 slope deformation monitoring examples. The second-order
dimensionless failure threshold is obtained using probability and statistics theory. The dimensionless threshold is applied in the early
warning analysis of landslide #2 in Jiangxi Province’s copper mine. The results show that (1) the “two-sample heteroscedasticity t-
test” method shows that the dimensionless parameters in the failure case are significantly greater than the dimensionless parameters in
the non-failure case; (2) a dimensionless threshold can eliminate the influence of vector parameters, which are physical in nature; (3)
the “ROC curve” approach is used to validate the reliability and accuracy of the dimensionless threshold model, and it is theoretically
explained that the prediction accuracy of the dimensionless threshold of acceleration is relatively the highest; (4) in this situation, the
corresponding warning time of the three dimensionless thresholds is not the same, with the secondary dimensionless threshold of
acceleration having the earliest time.

landslide, threshold, early warning, dimensionless parameters, significance test
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