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EXPERIMENT ON MECHANISM OF SLOPE FAILURE OF DEBRIS FLOW
FAN AND STABILITY ANALYSIS

ZHU Ying-yan, CUI Peng, CHEN Xiao-qing

(Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Failure of debris flow fan is distinct from the common rock and soil slope failure due to the unique
geotechnical features of debris flow sediment. Unfortunately, this type of failure was not comprehensively and
systematically studied in the past. In our recent research, according to the unique characters of debris flow fan the
Spencert slicing method with varying side force inclination is used to search for the noncircular critical slip surface.
This is done using Spreadsheet-automated constrained optimization. The results are then compared with the in-situ
slip surface. A practical subroutine is developed to interpret the stability of slope with varying physical parameters
along the depth by using Visual Basic Application embedded in Microsoft Excel. The in-situ experiment shows
that the water content hardly change 50 cm beneath the slope surface and no obvious tension cracks are observed
behind the slope. However in the soil layer where the actual sliding occurred, great alteration of water content
under concentrated artificial rainfall happened, which is in consistent with the results of numerical simulation.
With the increase in height of the soil layer, the calculated safety factor gradually decreases and an optimized
noncircular slip surface with an average height of 2.4 m is obtained satisfying all the constrains and assumptions. It
can be inferred that the slope failure of the debris flow fan is attributed to the dynamic seepage force caused by
hydraulic gradient; and the slicing method is not suitable for the research of the mechanism of failure of debris
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Fig.3 Experiment spot: Wan House in the upper reach of
Duozhao Gully—Ileft branch gully of Dongchuan

Debris Flow Observation and Research Station
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Table 1 Grading experiment

F 8%

Fit/mm : i e EES
B 1 B2 P

60 - 40 2.800 2.800 2.800 2 0.00 0.00
40 -20 12.500 12.500 12.500 2 0.00 0.00
20-10 16.200 16.200 16.200 2 0.00 0.00
10-5.0 14.500 14.500 14.500 2 0.00 0.00
50-2.0 9.700 10.700 10.200 2 0.71 0.07
20-05 10.000 7.500 8.750 2 1.77 0.20
0.5-0.25 4.300 3.500 3.900 2 0.57 0.15
0.25-0.075 5.600 6.600 6.100 2 0.71 0.12
0.075 - 0.005 19.800 20.900 20.350 2 0.78 0.04
<0.005 4.700 4.700 4.700 2 0.00 0.00
deo 6.824 6.793 6.809 2 0.02 0.00
ds0 3.805 3.922 3.864 2 0.08 0.00
d1o 0.007 0.007 0.007 2 0.00 0.00
Cu 974.800 970.000 972.400 2 3.39 0.00
C. 1.288 0.552 0.920 2 0.52 0.57
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Table 2  Shear strength parameters

T BE T BRI Sk HIFIEE S, FLERLE WK

s Mg+ cm?) 1% 1% e c/kPa e cu/kPa P /(%)
1 2.00 13.60 101.90 0.346 8.02 3.80
2 2.00 13.10 98.30 0.346 19.30 5.30
3 2.00 12.30 91.70 0.365 31.50 5.10
4 2.00 13.30 99.30 0.367 16.50 5.20
5 2.00 13.00 97.70 0.363 20.09 3.92
6 2.10 13.70 104.00 0.361 9.26 3.52
7 2.10 13.05 100.00 0.363 8.4 43.1

HifH 237 15.34 115.48 0.419 8.4 43.1 17.45 4.47
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em/s BHAT, T AARCECIR b B LB EE YR Tk
UOPCH A, JURTHER, JBIE NS KT 0.006 cmls,
FEJE T IRIBIE R A 28 gl R LK 3.
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Table 3 Experiment on permeability coefficient of debris
flow fan

WRFES BERB(em + s ) P/ (om « s )V IHL bdezE SR REL

1 0.005

2 0.010
3 0.005
0.005 5 0.002 0.302
4 0.008
5 0.005
6 0.004
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Fig.4 Layout of sensors and different slope beds(unit: cm)
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Table 4 Experiment program and observation
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Table 5 Volumetric water content of different slope beds
TR RS KB Y%
(A2 T) >3 8~4 4.0~1.5 <15
H1(<0.2 m) 8.9 8.3 14.7 25.7
H2(0.2~0.5 m) 8.7 11.7 14.7 23.7
H3(>0.5 m) 8.5 8.8 10.8 11.0
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Table 6 Stability calculation of slicing

8|B|c|D|E|F|G|H|IT|J|K|L| M| [N|[]O|P|Q|R|S|T|U|V]|]W]| X
19 X | Yiop | Yoot | @1 | @2 | @3 c ® b h W | a/rad | P o T E A | Ma | Lx | Ly |Flevel| Mnum
20 [8.00 |8.00 | 8.00 0.00 | 0.00
21 [7.67|7.67|5.71|8.80|8.80|8.80 | 8.36 [43.08 0.33 | 0.98 | 6.55| 1.43 |2.31|—4.86—2.10| 7.921—5.950.10{0.73 | 7.83 [ 1.14 | 5.95 11.35
22 [7.34|7.34|4.80|8.80|8.80|8.80 | 8.36 [43.08| 0.33 | 2.25 |15.05] 1.22 |0.97|12.28|12.64|10.51] 1.97/0.19|0.96 | 7.50 | 2.74 |—7.92| —28.91
23 [7.00 | 7.00 [4.13 |8.80 | 8.80 | 8.80 | 8.36 [43.08] 0.33 [ 2.71 [18.13| 1.11 |0.75 [14.15[18.77[10.47] 10.02{ 0.29 | 1.08 | 7.17 | 3.54 |—8.05| —46.24
24 [6.67|6.67|3.58|8.808.80|8.80 | 8.36 [43.08] 0.33 [ 2.99 [20.00| 1.03 |0.64 [14.73[22.92[10.27 17.28{ 0.37 | 1.17 | 6.83 | 4.15 |—7.26) —54.60
25 [6.34[6.34|3.11 | 8.80 | 8.80 | 8.80 | 8.36 [43.08] 0.33 [ 3.16 [21.17| 0.95 |0.57 [14.97(26.13[10.07| 23.58] 0.45 | 1.23 | 6.50 | 4.66 |—6.30] —57.03
26 [6.00[6.00[2.71|8.80 | 8.80 | 8.80 | 8.36 [43.08] 0.33 | 3.26 [21.85| 0.88 |0.52[15.13(28.89| 9.94 28.920.53 | 1.26 | 6.17 | 5.09 |—5.34 —55.23
27 |5.67[5.67[2.35|8.80 | 8.80 | 8.80 | 8.36 [43.08] 0.33 [ 3.31 [22.16| 0.82 |0.49 [15.32(31.42| 9.87| 33.34{0.59 | 1.28 | 5.83 | 5.47 |—4.42] —50.30
28 [5.34[5.34 [2.04|8.80 | 8.80|8.80 | 8.36 [43.08] 0.33 [ 3.31 [22.17| 0.76 |0.46 [15.56|33.87| 9.86| 36.88| 0.65 | 1.28 | 5.50 | 5.81 |—3.54 —43.03
29 |5.00[5.00|1.75|8.80 | 8.80 | 8.80 | 8.36 |43.08| 0.33 | 3.27 [21.94| 0.70 |0.44|15.85(36.29| 9.91| 39.55/0.69 | 1.27 | 5.16 | 6.11 |—2.67| —34.06
30 |4.67|4.67|1.50 |8.80 |8.80 | 8.80 | 8.36 |43.08| 0.33 | 3.21 [21.50| 0.65 |0.42(16.20|38.70{10.00| 41.37/0.72 | 1.25 | 4.83 | 6.37 |—1.82] —23.89)
31 | 434 (434|127 |8.808.80 | 8.80 | 8.36 |43.08| 0.33 | 3.11 [20.87| 0.60 |0.40|16.56|41.05|10.11| 4232/ 0.74 | 1.22 | 4.50 | 6.61 |—0.95 —12.99
32 [4.00[4.00|1.07|8.80|8.80|8.80|8.36 [43.08] 0.33 | 3.00 [20.08| 0.55 |0.39|16.90|43.26|10.23| 4239/ 0.75 | 1.18 | 4.16 | 6.83 [—0.07] —1.80
33 [3.673.67|0.89(10.80(10.80[10.80| 8.36 [43.08| 0.33 | 2.86 |19.15| 0.50 |0.38|17.19|45.24|10.32| 41.56/ 0.74 | 1.15 [ 3.83 [ 7.02 | 0.83] 9.1
34 [3.333.330.7310.80{10.80{10.80 8.36 [43.08| 0.33 | 2.69 [18.07| 0.45 |0.37|17.33|46.71|10.35) 39.82/0.72 | 1.11 | 3.50 | 7.19 | 1.73|  19.60
35 [3.00|3.00 | 0.5810.80(10.80(10.80 8.36 [43.08| 0.33 | 2.51 |16.86| 0.41 |0.36 |17.25|47.50|10.28) 37.21/ 0.69 | 1.07 | 3.16 | 7.35 | 2.62] 28.88
36 [2.67|2.670.4610.80(10.80(10.80| 8.36 [43.08| 0.33 | 2.31 [15.52| 0.36 |0.36 |16.88|47.34|10.07| 33.77 0.65 | 1.04 | 2.83 | 7.48 | 3.44/ 36.57
37 [2.33(2.330.35(10.80{10.80{10.80| 8.36 [43.08| 0.33 | 2.10 [14.08| 0.32 |0.35|16.15|46.00| 9.67| 29.62/0.59 | 1.01|2.50 | 7.60 | 4.15| 42.22)
38 [2.00|2.00|0.25(10.80{10.80(10.80| 8.36 [43.08| 0.33 | 1.87 |12.52| 0.27 |0.35|15.00|43.30| 9.08) 24.94/ 0.53 | 0.99 | 2.16 [ 7.70 | 4.68| 45.51
39 [1.67|1.670.1710.80(10.80(10.80| 8.36 [43.08| 0.33 | 1.62 [10.86| 0.23 |0.34 |13.42|39.16| 8.26 19.96 0.45|0.97 | 1.83 | 7.79 | 4.98] 46.23
40 [1.33[1.33[0.11 [11.00[11.00|11.00| 8.36 [43.08] 0.33 [ 1.36 [9.10 | 0.19 |0.34 [11.43[33.65| 7.25 14.970.37 | 0.96 | 1.50 | 7.86 | 4.99 44.39
41 [1.00|1.000.06 [11.00|11.00{11.00| 8.36 |43.08/ 0.33 | 1.08 [ 7.24 | 0.15 |0.34|9.10 [27.01| 6.08 10.28 0.29 [ 0.96 | 1.16 | 7.91 | 4.69|  40.19
42 |0.67(0.67|0.03 [11.00|11.00{11.00| 8.36 [43.08] 0.33 | 0.79 [ 5.29| 0.10 |0.34| 6.56 [19.57| 4.80| 6.19/0.19 |0.97|0.83 | 7.96 | 4.09| 33.97
43 [0.33(0.330.01 [23.82/23.82(23.82(17.45| 4.47 | 0.33 | 0.48 [ 3.26 | 0.06 |0.33|3.95 [11.81| 3.29| 3.150.10 [ 1.00|0.50 | 7.98 | 3.04| 24.73
44 10.00 | 0.00 | 0.00 [24.07(24.07|24.07|17.45 4.47 [ 0.33 [ 0.16 [ 1.10 | 0.02 |0.33 | 1.34 | 4.02 | 3.18] 0.00[0.00 | 1.000.16|8.00| 3.15 25.24
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Fig.6 Slip surface obtained by Solver
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Table 7 Relationship between the height of soil and
factor of safety

+ 25 /em Ja F
70 1.8 2.7
60 1.9 3.0
50 1.8 4.0
40 24 4.8
30 1.8 6.1
20 1.9 9.2
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(3) HEARMR R P A 2 B R AAE R R E R
T mRELL L, Al g o AR B i,
K6 Fine.

(4) Ve HERU AL I R A R HLERAN fiE 52 42 )5
P (- el T sz U VA P e = et A U B S
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SRR B A PR AR S, AR A A LS B — E IR
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CIEA L0/
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Ny s A NN
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