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Research on dynamic early warning method of slope deformation monitoring
during excavation based on designed safety factor and failure mode
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Abstract: Different geological structure characteristics of slopes lead to different deformation regulations and failure mechanisms of
slopes; deformation regulation and magnitude of the same slope are different due to different excavation stages of slope; simple and
static early warning index of slope monitoring obtained by engineering analogism is difficult to express the dynamic deformation
features and slope regulations during excavation. A new study through and corresponding method to obtain adequate dynamic early
warning indexes of slope monitoring during excavation are put forward, which are based on designed safety factor and failure mode
of slopes. The study thought and method are applied to obtain the early warning index of left bank slope of plunge pool of spillway
during excavation from 755 m to 740 m at Nuozadu Hydropower Station; and by comparing the value of early warning index
obtained by the study thought and method with the value of field deformation monitoring, it is shown that the slope is stable during
the excavation, which is in concordance with actual engineering so as to prove that the study thought and method are feasible and
effective.
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Table 2 Designed safety factor of slopes of hydropower
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Fig.2 Sketch of study route of early warning method of slope monitoring during excavation
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Fig.3 Plane sketch of left bank slope above 740 m of
plunge pool of spillway
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Fig.5 Sketch of failure mode of 2-2 longitudinal profile
of left bank slope of plunge pool of spillway during
excavation from 755 m to 740 m
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Table 5 Assembly of rock mass cohesion c and calculation
results of safety factor

c/kPa

UES R SRIE ?f

AR sk TS0 OO muad RE
1 2 25 50 100 350 0.979
2 2.92 26 52 110 358 0.985
3 3.84 27 54 120 366 0.992
4 4.76 28 56 130 374 0.998
5 5.68 29 58 140 382 1.001
6 6.6 30 60 150 390 1.003
7 7.52 31 62 160 398 1.005
8 8.44 32 64 170 406 1.016
9 9.36 33 66 180 414 1.022
10 10.28 34 68 190 422 1.034
11 11.2 35 70 200 430 1.045
12 12.12 36 72 210 438 1.087
13 13.04 37 74 220 446 1.104
14 13.96 38 76 230 454 1.127
15 14.88 39 78 240 462 1.149
16 15.8 40 80 250 470 1.186
17 16.72 41 82 260 478 1.229
18 17.64 42 84 270 486 1.256
19 18.56 43 86 280 494 1.312
20 19.48 44 88 290 502 1.343
21 204 45 90 300 510 1.351
22 21.32 46 92 310 518 1.372
23 22.24 47 94 320 526 1.386
24 23.16 48 96 330 534 1.396
25 24.08 49 98 340 542 1.423
26 25 50 100 350 550 1.449
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Fig.6 Horizontal displacement increment vs. safety factor
curve of monitoring point YHP1-TP-03
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Fig.7 Horizontal displacement increment vs. safety factor
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Table 6 Boundary safety factor and corresponding
horizontal displacement increment of monitoring points

. KPS 3 Y mm TP 4 R 5
W s
A B c A B c
YHP1-TP-03 9.6 8.9 102 1.017  1.150  1.005
YHP1-TP-05 9.8 9.1 104 1.017  1.150  1.005

RT BERFRNSER
Table 7 Suggestion of dividing warning grades

s KA AS/ mm
YHP1-TP-03 <8.9 8.9~9.6 9.6~102 >10.2
YHP1-TP-05 <9.1 9.1~9.8  9.8~102 >10.2
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Table 8 Comparison between monitoring horizontal
displacement value and early warning index value

. ISP B3 TV AR Y ]
e
/ mm / mm
YHP1-TP-03 2.1 8.9~10.2
YHP1-TP-05 1.5 9.1~10.2
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Fig.8 Picture of left bank slope of plunge pool of spillway

after excavation from 755 m to 740 m
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