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Note: ¢ denotes the penalty coefficient, g denotes the kernel function parameter, and C
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Min 10.90 30 1.90 0.09 252 085 194
Mean 44,51 n73 676 041 2146 380 780.60
L
Med 43.62 116 590 038 23.60 320 764
std 21.20 40.25 395 0.19 1025 161 337.64
v 0.48 034 058 0.46 048 042 0.43
Max 118.77 237.20 17.66 127 80 21 1,606
Min 13.02 30 130 0.10 015 120 150
Mean 5249 120.12 621 047 25.19 524 686.81
M
Med 51.79 11330 530 0.46 2170 5 691
std 23.20 4587 377 0.20 16 269 197.34
v 0.44 038 061 043 064 051 029
Max 297.80 304.20 226 4.87 80 30 1,170
Min 1643 30 150 0.10 553 203 203
Mean 106.05 13337 928 1, 18.84 822 735.11
s | | | |
Med 80.04 127.37 8.30 0.65 1443 6.60 689
std 77.20 50.66 465 1.07 1502 545 19241
cv 073 038 050 1.07 0.80 0.66 0.26






OPS/images/feart-12-1487968/feart-12-1487968-t001.jpg
Reference

Reference

aracteristic para

Note: gy is the maximum tangential stress (MPa), 0, is the uniaxial compressive strength (MPa),

Ge and Feng (2008) 0 03l 0,10, Wy AdaBoost Puetal. (20182) 0 0 0 Wiy DT
Chen etal. (2002) 0 0 0 Weg BP Shao and Zhou (2018) 0 0103 0 0101, 01T, W K, KELM
Zhao (2005) 0, 0,00 W SVM Xuetal. (2018b) 04l0, 0o, We DHNN
Zhu etal. (2008) 0 G O 04l0, 010, W V-SVR Pucetal. (20192) D, 0,0, 03y 04/, 0,10 W (0,-0)/(0,+5) GRNN
Bai etal. (2009) 04l 010 W FDA Wuetal. (20192) 0 0 0 00, 010, W LSSVM
Gong etal. (2010) 0 0 0 Wey BDA Pucetal. (2019b) 0y 0 0 0410, 0,10, (0,-0)/(0,40), W SVM
Zhoucetal. (2012) D, 04,0, 0 03/, 0,10, Wig SVM Wu etal. (2019b) 0 0 G 00, 0T, W PNN
Zhang et al. (2012) 0,00, 0,10, 04/0, Wy Ky D SVM Zhao et al. (2019) 00 0y/0, 010, W K, OPF
Dongetal. (2013) 0 04l 010 Wi RF Liuetal. (2019) 04l0, 0o, We ELM
Jia et al. (2013) 0 0,0 Wey GRNN Zhou etal. (2021) 0y 0 0 00, 0T, W ANN
Lan etal. (2014) 04l 0 Wy ELM Xie et al. (2020) 0y 03l 00, W XGBoost
Gao (2015) D, 0400, 0,15, W,y AACC Tian et al. (2020) 000 00 Wiy DNN
Lietal. (2017) D, 0 0y 0 Wiy BN Lietal. 20232) 0 0 O Wepp 04/, 0,10, CNN

the uniaxial tensile strength (MPa), 0y/o, is referred to as the stress concentration factor,

(0.-0,)/(0+0,) is the rock brittleness index, W, is the elastic energy index, o,/a, is another rock brittleness index, o, is the maximum principal stress (MPa), D represents the buried depth
reflecting the levels of in situ stresses (m), 0/, represents the stress condition factor, K., represents the index of integrality of rock mass. AdaBoost denotes Adaptive Boosting algorithm, BP,
denotes Error BackPropagation algorithm, SVM, denotes Support Vector Machine algorithm, V-SVR, denotes an algorithm in SVM, FDA, denotes Fisher Discriminant Analysis algorithm;
BDA, denotes Bayesian Discriminant Analysis algorithm; RF, denotes Random Forest algorithm; GRNN, denotes Generalized Regression Neural Networks algorithm; ELM, denotes Extreme
Learning Machine algorithm; AACC, denotes Abstraction Ant Colony Clustering algorithm; BN, denotes Bayesian Networks algorithm; DT, denotes Decision Tree algorithm; KELM, denotes
Kernel Based Extreme Learning Machine algorithm; DHNN, denotes Dynamic Hypergraph Neural Networks algorithm; LSSVM, denotes Least Squares Support Vector Machine algorithm;
PNN, denotes Product-based Neural Networks algorithm; OPF, denotes Optimal Power Flow algorithm; ANN, denotes Artificial Neural Networks algorithm, XGBoost denotes Extreme
Gradiont Boostiog alosiih, DN, donobes Detp Noncal Natworks algasittinn: CNI deictis Comvolational Noval Netwntks aloocitlin
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Limestone 2,600 325 0.25
Granodiorite 2,730 50.0 0.22
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Parameters Value
Rock density/(kg/m?) 2,730
Longitudinal wave velocity/(m/s) 5,300
Bulk modulus A,/(GPa) 298
Shear modulus G/(GPa) 201
Compressive strength £./(MPa) 1462
Normalized tensile strength f,/f, 0.100
Normalized shear strength £/f; 0180
Intact failure surface constant A 1820
Intact failure surface constant N 0.750
‘Tensile/compressive meridian ratio Q, 0.6805
Brittle to ductile transition By 00105
Compressive strain rate exponent a 9.090 x 107
Tensile strain rate exponent § 1250 x 1072
Damage constant Dy 0.04
100

Damage constant D,
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Blasthole Number of Number of Hole array Hole Stemming Single-hole

type blasthole holes pitch/(m) spacing/(m) length/(m) charge/(kg)
rows
‘ ] 18
‘ 2 28
‘Main borehole [ 3 22 2.3~32 2.5~3.5 3.0~4.0 84~96
" 4 23
| & 23

Note: 70 mm charge roll a section of 50 cm, 2.0 kg; 32 mm charge roll a section of 20 cm, 200 g.
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material Xgo/(mm) material x30/(mm)

Air-coupled blasting : 7235

Water-coupled blasting 87.39
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Factor \" WOE LR
<200m 055 | 050 125
200m~300 m 072 068 140
Distance from mining | 3001\ 600 m 058 | 054 0.98
area
600m~1000m | 019 | 018 104
21000 m 020 | 030 —143
<100 m 0.36 -0.08 0.71
100-200m —015 | 010 | -0
200-300m 061 | -054 | -051
Distance from roadway
300-400 m 064 | 060 | -093
400-500 m 083 | 081 | 047
>500m S180 | <176 | -189
<100m 033 | 032 014
100-200m 052 | 050 103
; 200-300m 010 | 009 002
Distance from
residential settlement
300-400 m 021 | 020 061
400-500 m 059 | 055 0.46
>500m 009 | 028 053
<500 m 035 | 029 0.49
500m~1000m | 044 | 037 0.68
1000m~1500m | 005 | 0.04 038
1500m~2000m | 0.03 | 0.02 009
Distance from
. 2000m~2500m | 0.1 | 0.10 009
geological structure
2500m~3000m | -080 | -075 | 097
3000m~3500m | -086 | -0.83 | -092
>3500m 013 | 007 | 024
<200 m 0.86 0.74 114
200-400 m 037 033 0.68
Distance from river
400-600 m 019 017 029
600-800 m 033 0.29 0.62
800-1,000m 020 | -018 | -010
>1,000m 033 | 005 095
<1,000m 013 013 0.82
1000-1500m | 044 | 013 108
DEM
1,500-2000 m 027 | 003 090
>2000m -133 | -129 | -l4s
0-5° 027 | -026 | -040
15% -0.04 -0.02 =0.11
1525 006 | 003 | -006
Slope 25045° 013 007 0.23
15°~60° 000 | 000 013
60°~90° 053 | 053 | 068
<10m -004 | oMl 034
10-20m 015 on 034
20-30m 014 ol 023
Slope height
30-10m 000 | 000 0.00
10-50m 000 | 000 0.00
50-60m 000 | 0.00 0.00
>60m 000 | 000 0.00

Factor

Rainfall

Land use

NDVI

Soil erosion

Landform types

Landform types

Slope structure

Engineering geological
rock group

<900 mm 0.00 0.00 -3.64
900-1100 mm -0.39 -0.29 -0.92
1,100-1,300 mm 0.16 -0.11 0.80
>1,300 mm -0.09 -0.07 -0.11
Farmland 0.37 0.11 0.85
Forest -0.28 0.08 -0.84
Shrub 0.09 0.09 0.26
Grassland 0.31 0.31 -0.18
Water body 145 145 =0.50
Impervious surface 0.00 0.00 114
Bare soil 0.45 045 0.85
0-0.1 0.54 0.40 0.67
0.1-0.2 0.36 0.31 0.42
0.2-03 0.17 0.14 0.32
0.3-04 -0.06 -0.04 0.01
0.4-0.5 -0.62 ~0.45 -0.91
>05 -1.18 -1.14 -1.44
Slight erosion -0.52 -0.29 0.88
Light erosion 0.11 0.04 -0.91
Moderate erosion 0.38 0.32 022
Intense erosion 0.47 042 0.59
Severe erosion 0.43 042 0.77
Violent erosion -0.57 -0.57 0.48
Extremely violent 0.00 0.00 0.68
erosion

Tectonic erosion of 0.28 0.04 0.80
mountainous terrain

Erosion and dissolution -0.82 0.08 -1.05
of canyon terrain

Terrain with alternating. -0.40 =021 -0.75
tectonic and erosional

features

Karst landform with 0.07 0.08 0.21
peaks and depressions

“Tectonic erosion of low -0.28 0.00 -0.70
mountain terrain

Exfoliation of low -0.33 -047 -0.33
mountainous terrain

Karst landform with 0.11 0.04 0.10
low to medium peaks

Downhill slope 0.06 0.04 0.17
Uphill slope 011 | 008 016
Sloping terrain —027 | -021 —022
Transverse slope 0.15 0.08 0.16
Horizontal rock layer 0.00 0.00 -0.87
Massive rock formation -0.51 -0.47 -0.77
bedded hard rock 0.00 0.00 -2.60
formation

‘massive hard rock -0.35 -0.32 -0.56
formation

bedded semi-hard rock 0.71 0.64 1.00
formation

bedded soft rock 0.46 -0.05 1.58
formation

medium-thick bedded

moderately hard strong

lithified limestone

formation

medium-thickbedded | 16| M9 | 173
moderately hard strong

lihified limestone

formation

Toose soil mass

bedded hard rock -0.79 -0.62 -1.27
formation

loose rock formation =111 -1.05 -1.22
loose soil mass 0.00 0.00 -2.81
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Buffer area

Distance from roadway 0.051 0062 0.051 0075 0012 0016
Digital Elevation Model (DEM) 0.065 0055 0153 0.059 0.061 0063
Landform types 0,030 0029 0032 0.042 0.040 0044

Distance from geological structure 0017 0018 0.028 0.021 0.000 0,003
Distance from watercourse 0,058 0059 0.041 0,051 0,035 0034
Rainfall 0.169 0.187 0.054 0.181 0228 0219

Normalized Difference Vegetation Index (NDVI) 0.000 0,000 0.000 0.000 0.001 0.000
Slope height 0.203 0212 0205 0.197 0243 0231

Distance from residential settlement 0026 0,007 0013 0016 0017 0028
Soil erosion 0.072 0065 0.068 0.057 0.040 0040

Slope 0072 0059 0.049 0.040 0,038 0042

Land use 0.093 0.089 0126 0.078 0.079 0.072

Distance from mining area 0.014 0014 0.034 0.036 0.017 0019
Slope structure 0.062 0.065 0.062 0.067 0.063 0065
Engineering geological group 0.070 0079 0.084 0079 0127 0124
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Data
Digital elevation models

Topographic maps

Geological maps

Land use data

Remote sensing images

Rainfall data

Landslide reports

2021 geological hazard records

National spatial planning data

Mineral resource planning

data

Geomorphic type maps

Engineering geological rock
group classification maps

Scale/Resolution
30m

1:10,000+ 1:50,000

1:50,000

30m

30m

Average annual rainfall

1:10,000

1:10,000

1:10,000

1:50,000

Source
https//www.gscloud.cn/

Yunnan surveying and
mapping data Archives

Yunnan surveying and
mapping data Archives

Resources and Environment
Science Data Center of
Chinese Academy of Sciences
(https://wwwresdc.cn/)

Landsat T™ (20224F)
Zhenxiong county
‘meteorological Bureau

Zhenxiong County natural
resources Bureau

Zhenxiong County natural
resources Bureau

Zhenxiong County natural
resources Bureau

Zhenxiong County natural
resources Bureau

Yunnan Geological
Engineering Survey Co., LTD

Yunnan Geological
Engineering Survey Co., LTD

Aim
Slope. Slope height

Driving factor analysis

Driving factor analysis

Driving factor analysis

Normalized vegetation index

and soil erosion intensity map

Rainfall distribution map

Landslide inventory map

Landslide inventory map

Driving factor analysis

Driving factor analysis

Driving factor analysis

Driving factor analysis
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Materi Model nam cro-parameters
[AG] k, (N-m™) K, (N-m®)
Colluvium Linear
04 1x107-2x10° 1x107-1x10°
Linear group Parallel-bond group
Limestone BMP “) { K, (Nem®) ‘ k, (N-m) ¥, (Nm?) k, (Nm?) 7, (MPa) E(MPa) Be)
0.6 ‘ 2x10° ‘ 1x10% 1x10° 1x10° 50 30 30
K, (Nm™) k (N-m) ) . (MPa) C* (MPa) " ©
Fracture M = - =
2x 10" 2x10" 07 0 0 0
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