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Limit curve method of homogeneous slope stability

FANG Hong-wei', LI Chang-hong’, LIBo'
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Abstract: Based on the theory of slip line field, this paper proposes a limit curve method of slope stability according to the
deformation situation; the method is the inverse process for computing a heavy slope ultimate load and the dual process of strength
reduction method. Defines two evaluation indexes: the degree of safety(DOS) and the degree of failure(DOF) according to the
deformation failure criterion of the limit stable slope curve and the slope surface intersection computed by characteristic line
difference method(SCM) and the slope limit experimental approximate formula(CCM). The method does not require assuming and
searching critical slip surface. Classic examples and typical examples show that with the increase of nodes, the accuracy of SCM
increases; when boundary step is constant, the judgment value obtained by three spline interpolation are unchanged, which proves the
stability of SCM. Typical examples show that the larger the slope angle becomes, the lower the slope stability is; limit slope curve
and slope is from without intersection to intersection, which proves that the correctness of the deformation failure criterion.
Comparing the results from the two examples show that the safety factor is large and SCM, CCM results are comparable; this paper
increases external load relative to the original boundary conditions; so the safety factor becomes smaller; SCM, CCM is conservative.
To calculate the correct rate, this paper uses 34 samples: safety factor method is 67.7%, the stress state method is 73.5%, CCM is
79.4% and SCM is 70.6%, which indicates that SCM, CCM correct rate is higher. The conclusions of SCM, CCM factor sensitivity
analysis and safety coefficient method are completely consistent. By analyzing and computing the slope stability and the ultimate
slope angle of open pit mining, the report about SCM, CCM is the same as the original; when the parameter variable is smaller, CCM
is more conducive to practice, which indicates that the method has a certain value in engineering applications.
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Table 1 Stability analysis of SCM

Bl Ax/m N, k Ymin/m xpi/m/ DOS ADOS
1.000 8 81 -2.3302 145630 0.8343 0.1459
0.500 15 256 -3.7815 11.2987 0.6884 0.3028
0.100 45 2116 -1.0200 5.0967 0.3856 0.0947
0.050 80 6561 -12459 3.2649 0.2909 0.0248
0.040 100 10201 -1.9961 2.7801 0.2661 0.0373
0.030 150 22801 -6.1780 2.2265 0.2288 0.0275
Fia 0.020 200 40401 -44763 1.5745 0.2013 0.0355
0.010 350 123201 -2.8345 0.7661 0.1658 0.0062
0.009 400 160801 -3.8485 0.6724 0.1596 0.0021
0.008 420 177241 -22159 0.5757 0.1575 0.0048
0.007 480 231361 -2.4428 0.4757 0.1527 0.0046
0.006 550 303601 -22127 0.3720 0.1481 0.0049

0.005 650 423801 -2.0626 0.2643 0.1432
1.000 15 256 -4.7950 14.0806 0.8114 0.0616
0.500 25 676 -2.5674 112996 0.7498 0.1021
0.100 110 12321 -1.2819 8.5121 0.6477 0.0184
b 0.050 220 48841 -1.3016 8.1230 0.6293  0.004 7
0.040 280 78961 -1.4954 8.0437 0.6246 0.0049
0.030 380 145161 -1.6906 7.9640 0.6197 0.0019

0.020 550 303601 -1.3147 7.8838 0.6178

®2 AAEE SCM ERRE ST (R FISE)
Table 2 Stability analysis of SCM (different slope)

Ax Yrin W/ ()
Ni k

/m /m 30 35 40 45 50
1.00 20 441 -8.7823 0.768 6 0.7193 0.663 7 0.5992 0.5223
0.50 35 1296 -5.9757 0.7022 0.638 8 0.5672 04842 0.3853
0.10 150 22801 -3.0265 0.6155 0.5337 0.4412 03341 -0.083 6
0.05 300 90601 -3.2620 0.6003 0.5152 0.4191 0.3077 -0.1190
0.04 400 160801 -5.2398 0.5932 0.506 6 0.4087 0.2953 -0.138 1
0.03 500 251001 -3.3622 0.5939 0.5075 04098 0  -0.1350
0.02 750 564001 -3.4136 0.5907 0.5036 04051 0  -0.1434
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R3 ZHH SCM EHEE R MmO
Table 3 Calculation influence range of SCM

R0 A N k Vmin/ M DOS ADOS
Z i a 700 491401 41686  0.1400  0.006 4

Ax=0.005m 750 564001 -6.5277 0.133 6 0.007 6

x11=0.2643m 800 641601 -9.156 0 0.126 0 0.007 6
850 724201 -12.0690 0.118 4 0.007 0
900 811801 -15.2814 0.1114 0.006 2

950 904401 -18.8072 0.1052

% b 600 361201 22744 0.6115 0.009 5

Ax=0.02 m 650 423801 -3.2615 0.602 0 0.010 5

x1=7.8838m 700 491401 -4.2800 0.5915 0.0102

750 564001 -53334 0.5813 0.009 4
800 641601 -6.424 3 0.5719 0.008 0
850 724201 ~7.5552 0.563 9

x4 AEERH SCM EvHEIEH HIFE T (Ax=0.02 m)
Table 4 Calculation influence range of SCM (Ax=0.02 m)

WRE/(° ) Ymin
Ni k
30 35 40 45 50 /m
800 0.5866 0.4987 0.3992 0 -0.1581 641601  -53575
850 0.5805 0.4913 0.3904 0 -0.1838 724201 -7.3856
900 0.5735 0.4828 0.3802 0 -0.2158 811801 -9.503 1

950 0.5663 0.4740 0.369 7 0 -0.2498 904401 -11.7148

x11/m14.429 8 8.3518 3.6239 -0.2112 -3.4292
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Fig4 SCM diagram in different angles (typical example)
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T LTI, IR A REUE N 1.40, Wk%  H=128 mi, «,=55° , H=116 m I, a,=57° ,
4R HE MR A LA, By H=106m H14  H=106 m I}, «,=59° , H=120m I, o,=56°,
o, =58° , MBI a, <55° , CCM LRI AT COM iR AT TRESE e, HA I or, 13k
® 12 mERTHMARGENTAAGA R, W RET 10 ~2°

# 5 DOS¥E. DOF 5 ZeRBUNN L
Table 5 Comparison of DOS/DOF and safety factor

15185t SCM ¥ CCM ik R IR A7 PR TG HT ks Spencer BAEE

# a 0.1432 ~0.676 6 [0.926, 1.162] [0.99, 1.00]

HH b 0.6178 0.5699 [1.65, 1.70]
30 0.590 7 0.5390 1.900 [1.56,1.93] 1.55
ENCLT 35 0.503 6 0.440 4 1.660 [1.42,1.77] 1.41
40 0.405 1 -0.093 9 1.460 [1.31, 1.65] 1.36
1) 45 0 -0.1930 1.290 [1.21,1.54] 13
50 -0.143 4 -02927 1.150 [1.12, 1.44] 112

K6 HARMTEERMLL

Table 6 Sample analysis and result comparison

Fik SCM ik ceM ik SAREE MHREE SR
Ax/m N k DOS. DOF Ay/m N DOS. DOF
1 0.060 900 811 801 -0.3129 0.001 115000 -0.584 1 0.89 0.87 T
2 0.030 999 1 000 000 0.520 4 0.001 120 000 0.5912 1.37 1.30 e
3 0.020 950 904 401 0.771 8 0.001 30500 0.7519 2.14 1.63 fae
4 0.02 900 811 801 0.356 0 0.001 100 000 0.2116 1.24 1.06 e o
5 0.020 900 811 801 04770 0.001 100 000 0.3825 1.42 1.14 e o
6 0.020 900 811 801 0.2143 0.001 88 000 -0.4856 1.06 0.95 T
7 0.020 950 904 401 0.106 9 0.001 470 000 -0.6929 1.03 1.06 e o
8 0.050 950 904 401 0.7539 0.001 200 000 0.767 1 2.29 1.43 e o
9 0.004 950 904 401 0.692 5 0.001 10 000 0.6919 1.90 1.28 e o
10 0.012 990 982 081 0.253 1 0.001 50 000 -0.1832 1.07 1.03 T
11 0.035 990 982 081 -0.2515 0.001 200 500 -0.6146 0.90 0.98 T
12 0.035 990 982 081 -0.746 1 0.001 292 000 -0.848 0 0.80 0.92 g
13 0.020 990 982 081 0.106 0 0.001 480 000 -0.699 4 1.03 1.06 e o
14 0.040 990 982 081 -0.304 7 0.001 305 000 -0.7104 0.89 0.98 T
15 0.035 990 982 081 -0.0134 0.001 213 000 -0.5617 0.93 1.00 g
16 0.010 990 982 081 0.606 4 0.001 30500 0.4807 1.75 1.14 e o
17 0.006 990 982 081 0.500 0 0.001 20000 0.3830 1.43 1.09 e
18 0.012 990 982 081 0.2799 0.001 50 000 -0.1208 1.09 1.02 g
19 0.005 900 811 801 0.754 8 0.001 5230 0.8389 1.11 1.75 T
20 0.010 990 982 081 0.607 0 0.001 30500 0.4807 1.88 1.14 e o
21 0.025 900 811 801 0.767 6 0.001 30500 0.7519 2.05 1.63 e o
22 0.020 900 811 801 0.3617 0.001 100 000 0.2182 1.78 1.06 e o
23 0.020 900 811 801 04770 0.001 100 000 0.3825 1.99 1.14 e o
24 0.015 900 811 801 0.3630 0.001 40 000 0.1752 1.25 1.01 T
25 0.020 900 811 801 0.2143 0.001 88 000 -0.4856 1.02 0.95 T
26 0.035 900 811 801 0.5209 0.001 120 000 0.5912 1.30 1.30 e o
27 0.050 900 811 801 0.494 4 0.001 200 000 0.5242 1.20 1.28 e o
28 0.030 950 904 401 0.688 9 0.001 115000 0.728 2 1.11 1.39 T
29 0.008 900 811 801 0.772 4 0.001 10670 0.768 1 1.40 1.68 e o
30 0.010 900 811 801 0.356 0 0.001 12190 -0.397 1 1.35 1.22 g
31 0.007 900 811 801 0.3140 0.001 12 800 -0.347 6 1.03 1.01 g
32 0.020 900 811 801 0.804 4 0.001 45720 0.781 4 1.28 1.32 T
33 0.015 900 811 801 0.3104 0.001 10670 -0.3709 1.63 1.38 e o
34 0.010 900 811 801 -0.202 8 0.001 21000 -0.6173 1.09 0.90 T
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Table 7 SCM parameter calculation (different slopes)

R7T SCM SEBUEMTTHEARHEE)

WHRURSE K HRIC)
30 35 40 45 50
SCM ¥4 18 0.625 6 0.5459 0.4558 0.3515 -0.056 1
Ax=0.02 m I 19 0.607 9 0.524 5 0.4302 0.3209 -0.097 4
Ni=750 /(kN/m3) 20 0.5907 0.503 6 0.405 1 0 -0.143 4
k=564 001 21 0.573 8 0.483 1 0.380 5 -0.000 1 -0.192 6
22 0.5572 0.463 0 0.356 5 -0.029 6 -0.243 3
SCM ¥4 15 0 -0.464 8 -0.644 1 -0.7252 -0.770 5
Ax=0.02 m 20 0.289 7 —0.1170 -0.4598 -0.629 4 -0.714 8
Ni=750 25 0.388 8 0.258 7 -0.200 4 -04724 -0.629 3
k=564 001 EEE/EEJJ ¢ 30 0.4650 0.3511 -0.005 1 -0.270 6 —0.502 1
¢ 35 0.5252 0.424 1 0.3099 -0.101 4 -0.3425
40 0.573 8 0.483 1 0.380 5 -0.000 1 -0.192 6
45 0.613 8 0.5316 0.4387 0.3310 -0.0830
SCM ¥4 10 0.3326 -0.123 6 -0.3240 -0.496 3 -0.6117
Ax=0.05 m 12 0.420 8 0 -0.166 3 -0.3956 -0.5492
N,=450 @@#jw 14 0.4819 0.3716 0 -0.266 5 -04722
k=203 401 1) 16 0.5316 0.4319 0.3192 -0.099 9 -03757
18 0.574 8 0.4843 0.3820 0.263 5 -0.252 6
SCM ¥4 16 0.6313 0.5529 0.464 2 0.361 4 0
Ax=0.02 m N 18 0.605 5 0.5215 0.426 6 0.316 6 -0.093 1
N1=850 iﬁ/'iH 20 0.580 5 0.4913 0.390 4 0 -0.183 8
k=724 201 22 0.554 6 0.459 8 0.3527 -0.0249 -0.2580
24 0.526 2 0.425 4 0.3114 -0.1062 —0.319 8
#*8 CCM ZHER T HE RS
Table 8 CCM parameter calculation (different slopes)
HERARSH  BH HRC)
30 35 40 45 50
CCM ik 18 0.597 6 0.5155 -0.013 4 -0.113 3 —0.2174
Ay=0.001 m § 19 0.568 4 0.478 8 —0.0552 -0.154 8 -0.256 8
I y3 20 0.539 0 0.440 4 -0.0939 -0.193 0 -0.2927
/(kN/m)
21 0.509 1 -0.028 0 -0.1299 -0.228 4 -0.3257
22 0.478 8 -0.060 9 -0.163 6 -0.2612 -0.3562
CCM ik 15 -0.5358 -0.6316 —0.692 1 —0.7359 =0.770 6
Ay=0.001 m 20 —0.3649 —0.4852 -0.5677 -0.6307 —0.682 1
25 —0.218 8 —0.347 6 -0.4440 —0.5227 —0.590 0
EEE/EEJJ ¢ 30 -0.099 4 —0.226 8 —0.3293 -04184 —0.498 8
‘ 35 —0.0000 4 —0.1215 -0.2251 —0.3204 —0.410 6
40 0.509 1 —0.028 0 —0.1299 -0.228 4 -0.3257
45 0.578 2 0.491 2 -0.041 6 -0.141 4 -0.244 1
CCM ik 10 -0.3106 -0.3779 -0.438 3 —0.4955 —-0.550 3
Ay=0.001 m 12 —0.198 5 —0.278 0 -0.3514 —0.4210 —0.487 8
PR
¢ 14 —0.073 9 —0.169 4 —0.2550 —0.3370 -0.416 8
16 0.494 9 —0.053 5 —0.149 7 -0.243 5 -0.336 6
18 0.576 2 0.4890 —-0.0359 -0.140 1 -0.2462
CCM ik 16 0.655 4 0.586 0 0.5059 —0.018 1 —0.126 4
Ay=0.001 m N 18 0.597 6 0.5155 -0.013 4 -0.113 3 -0.2174
iﬁ/'iH 20 0.5390 0.404 4 —0.094 0 —0.1930 —0.2930
22 0.478 8 —0.060 9 —0.163 6 —0.2612 -0.3562
24 -0.0000 4 -0.1215 -0.2251 -0.3204 —0.410 6
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Table 9 Sensitivity calculation of slope high (135 m)
and ultimate pit slope

SE32Suk) ¥ V%
/() Bishop Janbu SCM CCM
50 1.569 1.553 0.563 0 0.568 5
55 1.466 1.464 0.476 3 0.483 8
60 1.377 1.384 0.364 6 0.373 8
65 1.297 1.31 -0.058 4 -0.1813

R10 AFEFIEREETE
Table 10  Stability calculation of different profiles
FTIOR) ST IR &) AR VRES
H/m /() Bishop Janbu SCM CCM

55 1.499 1.501 04955 05114
128 58 1.444 1.451 04347 04527
60 1.422 1.431 0.3882 0.4075
55 1.567 1.569  0.5259 0.5618
116 58 1.509 1.517  0.4688 0.5092
60 1.475 1.485 04250 0.4689
55 1.628 1.632  0.5495 0.6037
106 58 1.572 1.581 04952  0.5602
60 1.536 1.548 04536 0.5242
55 1.542 1.543  0.5161 05445
120 58 1.486 1.493 04578 0.4898
60 1.452 1462 04131 0.4479

R BASERFFIE SCM R vt &
Table 11 Different profile stability SCM calculation of the
minimum parameters

I THI 3 e S AR RIS
H/m /() Bishop Janbu SCM
55 1.337 1.338 0.379 6
128 58 1.288 1.293 0.308 4
60 1.268 1.275 -0.0197
55 1.397 1.397 0.4189
116 58 1.346 1.352 0.348 8
60 1.315 1.324 0.2952
55 1.452 1.455 0.448 9
106 58 1.402 1.410 03825
60 1.369 1.380 0.3316
55 1.374 1.375 0.406 3
120 58 1.325 1.331 0.3347
60 1.295 1.303 0.2799

R 12 BNSHEARFEREE CCMLHHH
Table 12  Different profile stability CCM calculation of the
minimum parameters

T WL/ )

H/m 55 56 57 58 59 60
128 0.3337 -0.0281 -0.0696 -0.1108 -0.1516 -0.1916
116 03939 03707 0.3461 -0.0261 -0.0693 -0.1120
106 04469 04528 04035 03799 03549 -0.0331
120 03735 0.3494 -0.0134 -0.0560 -0.0984 -0.1402

6 1 1w
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