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Deter mination of optimum monitoring point of slope and
safety factor using grey system theory

WANG Gui-cheng" %, CAO Ping’, LIN Hang’, ZHANG Qin-li*, SUN Shun-Ii*

(1. Department of Geography, Shangqiu Teachers College, Shangqiu 476000, China;
2. School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Stability of the slope was analysed using the method of the strength reduction based on the displacement
criterion. The target was a homogeneous, 20 m high soil slope that its dip angle was 45°. 9 monitoring points were set at
the upper, middle and lower part of the slope surface totally inside and outside of its critical landslip line. FISH language
of the FLAC3D was used as a computer language tool to program, horizontal displacements and the reduced coefficients
of all monitoring points were recorded and their relationships were studied. In order to determine optimum monitoring
point and save expenses, grey system theory was applied to get the degrees of grey incidence and the relative incidence
between the array of the safety coefficient and the array of monitoring points’ horizontal displacements to determine the
optimum monitoring points. The safety coefficient and the horizontal displacement of the optimum monitoring point was
forecast using the GM(1,1) model, and the mutation characteristic of the forecast value was analyzed to determine its
critical safety factor. The results show that the points 1, 2, 4, 5 can be the optimum monitoring points, because its Dengs’
degree of grey incidence with the safety coefficient is bigger than others. When the safety coefficient is 1.120 47, the
horizontal displacements of the monitoring points is 14.910—-40.842 m. The critical safety factor is 1.120.
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Fig.1 Calculation model of the homogeneous soil slope
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Table1l Relationship between horizontal displacement and the reduction factor of the monitoring points

I /m

ik 2 E
WAL W2 WA W4 WAS Wde  WA7 WES A9
1.030 0.085 01 031842 025596  0.11367  0.23084 033324  0.124 11 0.14792  0.26125
1.035 0.09076  0.32800  0.25823  0.11882 023766 0.33566  0.12688  0.14942  0.263 62
1.040 0.09789  0.34091 0.26139  0.12509  0.24589  0.33980 0.13119  0.15256  0.267 81
1.045 0.10540 035374 0.26443  0.13173 025300 0.34387  0.13427  0.15233  0.268 67
1.050 0.112 51 0.36591 0.26705  0.13816  0.26139 034682  0.13783  0.15420  0.27021
1.055 0.120 14 0.378 27 0.269 31 0.145 21 0.270 56 0.349 19 0.141 82 0.155 32 0.271 63
1.060 0.12769 039064  0.27140  0.15224 028063 035115 0.14607 0.15779 027373
1.065 0.137 66 0.406 49 0.272 74 0.161 29 0.292 80 0.352 73 0.150 27 0.158 45 0.275 00
1.070 0.149 21 0.42395 027523  0.17155 030833 035523  0.15596  0.16189  0.277 53
1.075 0.16703 044945 027670 0.18654 032969 035625  0.16001 0.16352  0.278 56
1.080 027600  0.59283  0.27836  0.28187 045979 035667  0.16654  0.16644  0.280 42
1.085 0.48552  0.87154 0.28167 046607 0.69694 035909 0.17020  0.16838  0.28295
1.090 1.196 00 1.841 20 0.286 56 1.056 70 1.488 60 0.364 78 0.172 21 0.169 53 0.286 97
1.095 277160  4.03660  0.29077 237330 3.28820 0.36840  0.17190  0.16905  0.289 54
F2 BUREKRPLEHE L RABRZ MR EXIE
Table2 The relative incidence degree of horizontal move and safety coefficient of all points
I A
1 2 3 4 5 6 7 8 9
X G I 0.889 3 0.892 7 0.552 6 0.903 4 0.890 8 0.62 4 0.573 0 0.578 9 0.638 30
FHXF RIR E 0.6305 0.604 4 0.8459 0.700 2 0.6304 0.944 3 0.897 3 0.9612 0.931 54
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Table3 The forecast values of the horizontal move and safety
coefficient of the important points

fr#%/m
CARRE Wl WE2 W4 WS
15 1.10006  7.110 7.025 5.030 6.837

N EIP=

16 1.10513 10.243  10.924 6.600 9.859
17 1.11022 14.752  16.948 8.659  14.223
18 1.11533 21.240 26315 11.363  20.506
19 1.120 47 30.576  40.842 14910 29.574
qj;gif 0.001 10  2.600 2.958 2.265 2.646
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