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Test on the slope stability of full-section high dump under rainfall

TAO Zhigang'*, LI Huaxin'?,CAO Hui’,PANG Shihui'*, WANG He’

(1. State Key Laboratory for Geomechanics & Deep Underground Engineering ,China University of Mining & Technology ( Beijing ) ,Beijing 100083 , China
2. School of Mechanics and Civil Engineering ,China University of Mining & Technology ( Beijing) ,Beijing 100083, China; 3. Institute of Mining Engineer-
ing , BGRIMM Technology Group , Beijjing 102628 , China )

Abstract ; Open-pit dumps mainly face the serious threats of landslides and mudslides. The stability problem of dumps
is not only a safety issue but also an economic issue. Heap loading and rainfall are the two most important factors af-
fecting the stability of dumping site. However, the accurate and efficient monitoring and early warning of dumping in
the dumping site have always been a major problem,and it is urgent to carry out research on some related aspects. In
view of the above problems,the No.2 full-section high dump at Nanfen open-pit iron mine was taken as the research

object,and a monitoring network composed of monitoring optical fibers was used to carry out some heap loading and
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rainfall simulation experiments on the similar physical models of No.?2 full-section high dump. Based on the numerical
simulation of the dump deformation under different loading conditions and the scanning results of the model materials
under the influence of rainfall ,the deformation analysis of different positions of the dump under different loading condi-
tions and different rainfall conditions was carried out by means of physical ,numerical simulation and cross integration
of macro and micro multiple means, and finally the temporal and spatial evolution laws of the dump deformation under
different loading and rainfall conditions were obtained. It is concluded that the dump deformation is positively correla-
ted with the increment of loading,but the slope deformation sensitivity decreases with the increase of depth. It is posi-
tively correlated with the unit rainfall duration,but with the total rainfall duration,drainage consolidation occurs in the
dump,and the deformation decreases,making the two negatively correlated. The numerical simulation results show the
process of forming a through sliding surface of the dump slope under the action of heaps. The microscopic analysis re-
sults show the formation mechanism of the potential sliding surface of the dump slope under the influence of rainfall.
The sliding surface is precisely positioned according to the experimental results of physical model. Finally , based on the
results of laboratory physical model experiments and numerical analysis, it is suggested to use optical fiber sensing
technology as a monitoring method for slope deformation and instability in the dumping site.

Key words : dump slope ;landslide monitoring; fiber optic monitoring ; physical model ; heap loading ;rainfall duration
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Table 1 Relevant parameters of dump slope
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Table 2 Content of each particle size of the dump
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Table 3 Indoor test of the content of each particle size

£ ae) Fife d/mm i NPt B %
1 d>2 98 6.70
2 2>d>1 238 16. 46
3 1>d>0.75 437 30. 15
4 0.75>d>0.5 379 26.18
5 0.5>d>0.25 123 8.52
6 0.25>d>0. 075 163 11.26
7 0.075>d 10 0.73
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Fig. 1 Dimensions of similar model of dump slope
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Table 4 Parameter settings for fiber strain analyzer
I/ m RAEE] B/ m Jikuh FE R/ ns T U KL BRI/ GHz 41 15 B/ MHz Z LS/ GHz
100 0.05 10 10. 700 5 12. 195
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Fig. 2 Sensing fiber arrangement
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Fig. 3  Fiber distribution spacing
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Fig. 4 Setting of rainfall and heap loading
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Fig. 5 Strain of X-direction optical fiber under different loading conditions
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Fig. 6 Strain of Y-direction optical fiber under different loading conditions
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Fig. 7 Strain of Z-direction optical fiber under different loading conditions
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Fig. 8 X fiber integrated strain in the rain for three days
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Fig. 9 Y fiber integrated strain in the rain for three days
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Fig. 10  Z fiber integrated strain in the rain for three days
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Fig. 12 Sample electron microscopy scanning pictures

before and after the rain
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Table 5 Corresponding data of each fiber strain

N MK EAMEINE RN N AR 3
Era BE/m  AFELAEE/m AR/107° /107
X,1 0. 667 0.59 1 624 571
X2 0.667 0.43 2028 917
X,3 0. 667 0.36 2558 1236
X4 0.667 0.32 2777 1497
X,5 0. 667 0. 44 2323 1170
X,6  0.667 0. 61 1708 731
X,1 1.078 0.92 1042 346
X,2 1.078 0. 69 1675 721
X,3 1.078 0.63 1991 971
X,4 1.078 0. 64 1969 912
X,5 1.078 0. 67 1910 952
X,6 1.078 0. 87 1292 552
Y1 2.000  0.21/1.75% 2066/2195*  892/994*
Y2 2,000 0.82/1.27% 1772/1698%  892/690*
Y,1 2.000 0.81/1.20% 1541/1321*  661/424*
Y,1 2. 000 — — —
7,1 1. 694 0. 46 695 309
7,2 1. 694 0.43 709 314
Z,1 1. 694 0.85 885 338
7,2 1. 694 0. 87 896 357
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Fig. 13 Slope instability process
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Table 6 Physical and mechanical parameters of the green

mud amphibolite model
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Fig. 17 Vertical displacement field and Shear strain field after loading of 20 kg and 50 kg
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Fig. 19  Slope deformation monitoring location map
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