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Abstract

Cut-slope management system (CSMS) has been investigated all slopes on the road of the whole
country to evaluate risk rating of each slope. Based on this evaluation, the decision-making for
maintenance can be conducted, and this procedure will be helpful to establish a consistent and efficient
policy of safe road. CSMS has updated the database of all slopes annually, and this database is
constructed based on a basic and detailed investigation. In the database, there are two type of data: first
one is an objective data such as slopes’ location, height, width, length, and information about
underground and bedrock, etc; second one is subjective data, which is decided by experts based on
those objective data, e.g., degree of emergency and risk, maintenance solution, etc. The purpose of this
study is identifying an data application plan to utilize those CSMS data. For this purpose, logistic
regression, which is a basic machine-learning method to construct a prediction model, is performed to
predict a judging-type variable (i.e., subjective data) based on objective data. The constructed logistic
model shows the accurate prediction, and this model can be used to judge a priority of slopes for
detailed investigation. Also, it is anticipated that the prediction model can filter unusual data by
comparing with a prediction value.
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Fig. 1. Flowchart of cut-slope management system.
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Table 1. The prediction model for ‘Action’ (using 29 independent variables)

Confidence interval

Coef. z P> |z|
2.5% 97.5%
Constant -3.8290 -3.921 -3.737 -81.432 0.000
Province/City/Town/District -0.0732 -0.144 -0.002 -2.029 0.042
Round/One-way 0.0147 -0.050 0.079 0.448 0.654
No. of way -0.0762 -0.161 0.008 -1.768 0.077
Date -0.1290 -0.214 -0.044 -2.977 0.003
Survey/Non-survey -0.3116 -0.365 -0.258 -11.44 0.000
Slope length 0.1055 0.040 0.171 3.152 0.002
Max. height 0.1428 0.074 0.212 4.074 0.000
Angle 0.0734 -0.020 0.166 1.545 0.122
Gradient -0.3170 -0.488 -0.146 -3.640 0.000
Gradient of upper-slope 0.1235 0.070 0.177 4.560 0.000
Distance for rockfall -0.3674 -0.454 -0.281 -8.341 0.000
Berm -0.1565 -0.243 -0.070 -3.557 0.000
Slope material -0.2069 -0.285 -0.129 -5.199 0.000
Topography -0.0821 -0.152 -0.013 -2.315 0.021
Ground water 0.1473 0.093 0.202 5.320 0.000
Loc. of leaking (top-bottom) 0.3327 0.236 0.430 6.710 0.000
Loc. of leaking (left-right) 0.0595 -0.035 0.155 1.229 0.219
Weathering grade 0.1519 0.062 0.241 3.328 0.001
Discontinuities’ type -0.3712 -0.441 -0.301 -10.405 0.000
Slope-shape 0.0116 -0.044 0.068 0.406 0.684
Slide-shape -0.0160 -0.077 0.045 -0.517 0.605
Valley in slope 0.0164 -0.037 0.070 0.600 0.549
Collapse record 0.5877 0.537 0.638 22.749 0.000
Floating rock -0.1125 -0.175 -0.050 -3.524 0.000
Rock fall 0.4388 0.368 0.510 12.124 0.000
Lithology -0.0388 -0.099 0.022 -1.257 0.209
Soil depth 0.2055 0.147 0.264 6.910 0.000
Bedrock-shape -0.1985 -0.256 -0.141 -6.818 0.000
Type of discontinuities -0.0944 -0.173 -0.016 -2.368 0.018
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Table 2. The prediction model for ‘Action’ (using 21 independent variables)

Confidence interval

Coef. z P> |z|
2.5% 97.5%
Constant -3.8021 -3.893 -3.711 -82.237 0.000
Province/City/Town/District -0.1002 -0.171 -0.030 -2.788 0.005
Date -0.0905 -0.170 -0.011 -2.219 0.026
Survey/Non-survey -0.3242 -0.377 -0.272 -12.143 0.000
Slope length 0.0898 0.028 0.152 2.841 0.004
Max. height 0.1399 0.071 0.209 3.964 0.000
Gradient -0.4316 -0.549 -0.314 -7.178 0.000
Gradient of upper-slope 0.1340 0.078 0.190 4.652 0.000
Distance for rockfall -0.4103 -0.507 -0.314 -8.352 0.000
Berm -0.174 -0.257 -0.091 -4.128 0.000
Slope material -0.2251 -0.302 -0.148 -5.712 0.000
Topography -0.1083 -0.176 -0.040 -3.122 0.002
Ground water 0.1460 0.092 0.200 5.306 0.000
Loc. of leaking (top-bottom) 0.3601 0.288 0.433 9.721 0.000
Weathering grade 0.1545 0.066 0.243 3.418 0.001
Discontinuities’ type -0.3646 -0.433 -0.296 -10.405 0.000
Collapse record 0.5994 0.549 0.650 23.323 0.000
Floating rock -0.1058 -0.169 -0.043 -3.309 0.001
Rock fall 0.4477 0.377 0.519 12.375 0.000
Soil depth 0.1897 0.130 0.249 6.262 0.000
Bedrock-shape -0.1977 -0.255 -0.141 -6.779 0.000
Type of discontinuities -0.0812 -0.158 -0.004 -2.073 0.038
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Table 3. Demonstration of logistic models to predict the next year data

Learning-data’s date No. of learning-data Validation-data’s date ~ No. of validation-data ~ Accuracy (%)

Case 1 2006 4938 2007 5625 94.33
Case 2 2006~2007 10563 2008 7025 94.32
Case 3 2006~2008 17588 2009 6013 97.16
Case 4 2006~2009 23601 2010 3161 97.41
Case 5 2006~2010 26762 2011 820 96.22
Case 6 2006~2011 27582 2012 531 88.14
Case 7 2006~2012 28113 2013 470 97.23
Case 8 2006~2013 28583 2014 305 97.70
Case 9 2006~2014 28888 2015 353 99.43
Case 10 2006~2015 29241 2016 627 98.72
Case 11 2006~2016 29868 2017 179 96.65
Case 12 2006~2017 30047 2018 258 99.22
Case 13 2006~2018 30305 2019 446 97.76
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Table 4. Demonstration of logistic models using the data for the previous three year

Learning-data’s date No. of learning-data Validation-data’s date ~ No. of validation-data ~ Accuracy (%)
Case 1 2013~2015 1128 2016 627 98.56
Case 2 2014~2016 1285 2017 179 96.65
Case 3 2015~2017 1159 2018 258 98.84
Case 4 2016~2018 1064 2019 446 97.76
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Table 5. Demonstration of logistic models using the data for the previous two year

Learning-data’s date No. of learning-data Validation-data’s date ~ No. of validation-data ~ Accuracy (%)

Case 1 2013~2014 775 2015 353 99.43
Case 2 2014~2015 658 2016 627 98.56
Case 3 2015~2016 980 2017 179 96.09
Case 4 2016~2017 806 2018 258 99.22
Case 5 2017~2018 437 2019 446 97.31
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Table 6. The prediction model for ‘Measuring-Recommendation’ (using 29 independent variables)

Confidence interval

Coef. z P> |z|
2.5% 97.5%
Constant -6.4806 -6.797 -6.165 -40.188 0.000
Province/City/Town/District 0.0785 -0.119 0.276 0.779 0.436
Round/One-way -0.0125 -0.250 0.225 -0.103 0.918
No. of way 0.2720 0.051 0.493 2.410 0.016
Date -0.5377 -0.782 -0.293 -4.308 0.000
Survey/Non-survey -0.1731 -0.348 0.002 -1.938 0.053
Slope length 0.1516 0.039 0.264 2.650 0.008
Max. height 0.4008 0.314 0.488 9.052 0.000
Angle -0.2618 -0.966 0.443 -0.728 0.467
Gradient -0.6731 -1.693 0.347 -1.294 0.196
Gradient of upper-slope 0.1050 0.010 0.200 2.165 0.03
Distance for rockfall 0.0891 0.036 0.142 3.281 0.001
Berm 0.3312 0.208 0.454 5.265 0.000
Slope material 0.0320 -0.198 0.262 0.274 0.784
Topography 0.0376 -0.172 0.247 0.351 0.725

Ground water 0.1651 -0.001 0.331 1.951 0.051
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Table 6. Continued

Confidence interval

Coef. z P> |z|
2.5% 97.5%
Loc. of leaking (top-bottom) 0.0948 -0.235 0.425 0.564 0.573
Loc. of leaking (left-right) 0.0530 -0.278 0.384 0.314 0.753
Weathering grade 0.3564 0.091 0.622 2.635 0.008
Discontinuities’ type -0.4685 -0.679 -0.258 -4.363 0.000
Slope-shape -0.1017 -0.274 0.071 -1.154 0.248
Slide-shape -0.3994 -0.598 -0.200 -3.934 0.000
Valley in slope -0.1411 -0.305 0.022 -1.692 0.091
Collapse record 0.2716 0.113 0.430 3.355 0.001
Floating rock -0.3505 -0.518 -0.183 -4.103 0.000
Rock fall -0.0415 -0.225 0.142 -0.443 0.658
Lithology 0.0029 -0.173 0.179 0.033 0.974
Soil depth -0.5318 -0.893 -0.171 -2.888 0.004
Bedrock-shape 0.1047 -0.060 0.270 1.245 0.213
Type of discontinuities 0.3756 0.107 0.645 2.736 0.006

Table 7. The prediction model for ‘Measuring-Recommendation’ (using 17 independent variables)

Confidence interval

Coef. z P> |z|
2.5% 97.5%
Constant -6.3351 -6.624 -6.046 -42.995 0.000
No. of way 0.3006 0.089 0.512 2.791 0.005
Date -0.5666 -0.798 -0.335 -4.798 0.000
Survey/Non-survey -0.2058 -0.376 -0.035 -2.364 0.018
Slope length 0.1807 0.065 0.297 3.055 0.002
Max. height 0.3601 0.279 0.441 8.698 0.000
Gradient of upper-slope 0.2108 0.033 0.388 2.329 0.020
Distance for rockfall 0.1754 0.086 0.265 3.856 0.000
Berm 0.3421 0.227 0.457 5.816 0.000
Ground water 0.1748 0.041 0.308 2.568 0.010
Weathering grade 0.3693 0.126 0.613 2971 0.003
Discontinuities’ type -0.4163 -0.618 -0.215 -4.047 0.000
Slide-shape -0.4343 -0.622 -0.246 -4.526 0.000
Valley in slope -0.1624 -0.326 0.001 -1.948 0.051
Collapse record 0.2044 0.050 0.359 2.594 0.009
Floating rock -0.3414 -0.490 -0.192 -4.491 0.000
Soil depth -0.4371 -0.717 -0.157 -3.055 0.002
Type of discontinuities 0.3616 0.111 0.612 2.831 0.005
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