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Parameter s sensitivity analysis of lenticlesimpacting on
tailings dam safety
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(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Lenticles impacting on tailings dam safety is always reflected in the depth of saturation line, the displacement
of dam crest and the safety factor. The influencing factors consist of lenticles’ size, location, shape, parameters of shear
strength and deformation, however, not all of these are critical factors. Based on the method of orthogonal test design and
entropy weight decision, the sensitivity analysis of parameters of the lenticle was performed. It has been found that the
vertical position and the area ratios of lenticles are the most significant geometric elements, and the cohesion and friction
angle of lenticles are the most pivotal material factors. The smaller the ratio of lenticle is, the safer the dam is; meanwhile,
the top and rear of dam are the better places for the safety of dam than other location. The larger the cohesion, friction
angle, osmotic coefficient and break ratio of lenticle are, the securer the dam is. In addition, it is suggested that the
displacement of dam crest and the safety factor should be all considered to evaluate the safety of dam.
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Table1l Parameters of material benchmarks
YENmM?®)  c/kPa  @/(°) K n Ky M Re v KJ(ecms ") kytky
18.9 16.0 28 242.73 0.622 140.97 0.244 0.67 0.254 1.4%<107° 0.26
19.7 30.5 18 114.15 0.672 157.69 0.075 0.70 0.285 3.35%107° 0.125
22.0 13.0 40 (E=70 MPa) 028 1202x102 1.0

(E=5.0 GPa) 020  9.6<10°  0.86
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Table2 Table of experiment program for analysis of

geometrical sensitivity

A B C D
1 5% 12
2 5% 8
3 5% 4
4 12.5% 4
5 12.5% 12
6 12.5% 8
7 20% 8
8 20% 4
9 20% 12

3 booooboboooooon

Table3 Results of range analysis of geometrical parameter

sensitivity

A B C D

1 20463 26080 15330 20.663

2 21063 15590 21.456 20.066

(hy 3 18.800 18.656 23.540 19.596
" R 2263 10490 8210  1.066
1 3.926 3.786 4793  3.953

2 5266 6700 5726 5926

(7 3 6.786 5493 5460  6.100
" R 2860 2913 0933 2.146
1 218 2196 2063  2.183

2 2313 2160 2283 2290

0 3 2133 2270 2280 2.153
R 0180 0.110 0220 0.136

3
(1 4
Ry Rc R, Ry
Ry Rc R, Ry
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Fig.2 Graph for relation between depth of saturation line and

four elements
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Fig.3 Graph for relation between displacement of dam crest

and four elements
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Table5 Approach degree of three evaluation factors

A) 4 (D)
(h) 0.520 479 667
Rc Ry Rp Rp (u) 0.235 140 522
) 0.535 875974
3
4
2.35 Hp Hce Hy Hp Xp Xy Xc Xp
4
2.30
2.25
3 5
2‘5 220}
# Ir B L
2.15¢
2.10f
20— v
44,45 B B,B; C GG DyD,D;s 4
FEYIE2
4 00000400000
Fig.4 Graph for relation between safety factor and 9
four elements (K. K n Ky m R
4 (v) c o
A~I 9
A3B,C1D; 20%
4
3 3 6 000000000
( Table6 Corresponding relationship between factors and
A3B,C1D; A3B,CD5) letters
Ks K n Kb m Rf D C
3
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= & / :k”
4
4 5
ki =k+ 4,
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Table4 Comentropy and entropy weight

i=1,2,3,4 AG=1,23,4)

—10%, 10%, 20% k;

(H) 5% La(4)
A 0.964 299 0.246 796 9
B 0.960 229 0.274 933 32
C 0.964 864 0.242 890 332
D 0.965 951 0.235 379
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Table7 Results of range analysis for analysis of material parameter sensitivity

A B

C

D

E

F

G

H

1

1 8.93125 9.00513
8.964 13 9.005 13
9.034 13 9.00513

(hm
9.101 00 9.005 13

9.005 63
9.005 63
9.005 63
9.005 63

9.006 13
9.006 13
9.006 13
9.006 13

9.006 00
9.006 00
9.006 00
9.006 00

9.006 50
9.006 50
9.006 50
9.006 50

9.010 50
9.010 50
9.010 50
9.010 50

9.009 88
9.009 88
9.009 88
9.009 88

9.006 25
9.006 25
9.006 25
9.006 25

>l B "V I S}

0.169 75 0

0

0

0

0

0

0

0

1 0.568 75 0.652 50
0.568 75 0.595 00
0.57125 0.52500

(u)/m
0.57125 0.507 50

0.568 75
0.566 25
0.576 25
0.568 75

0.555 00
0.560 00
0.580 00
0.585 00

0.565 00
0.570 00
0.570 00
0.575 00

0.575 00
0.570 00
0.570 00
0.565 00

0.565 00
0.580 00
0.560 00
0.575 00

0.570 00
0.575 00
0.565 00
0.570 00

0.570 00
0.575 00
0.565 00
0.570 00

> "Il B "V I S}

0.002 50 0.145 00

0.010 00

0.030 00

0.010 00

0.010 00

0.020 00

0.010 00

0.010 00

1 1.118 75 1.21375
1.20250 1.187 50
1.200 00 1.21500
1.207 50 1.192 50

1.185 00
1.236 25
1.208 75
1.178 75

1.217 50
1.176 25
1.193 75
1.22125

1.210 00
1.223 75
1.208 75
1.166 25

1.119 00
1.197 50
1.202 50
1.223 75

1.208 75
1.167 50
1.227 50
1.210 00

1.081 75
1.188 75
1.207 50
1.228 75

1.087 50
1.187 50
1.216 25
1.217 50

> I B "V I S}

0.088 75 0.027 50

0.057 50

0.045 00

0.057 50

0.104 75

0.060 00

0.147 00

0.130 00
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Fig.5 Graph of relation between depth of saturation line and nine elements
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Fig.6 Graph of relation between displacement of dam crest and nine elements
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Fig.7 Graph of the relation between the safety factor and nine elements
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Table8 Comentropy and entropy weight
A B C D E F G H 1

(H) 0.965 72 0.960 39 0.968 82 0.964 86 0.968 82 0.958 15 0.965 15 0.950 26 0.950 85
X 0.088 58 0.102 36 0.080 57 0.090 82 0.080 57 0.108 15 0.090 06 0.128 53 0.127 01
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Table9 Approach degree of three evaluation factors
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Table 10 Table of supplementary experiment program

(h) (u) 1)) A B C D
(D 0.931 16 0.755 03 0.335 66 1 5% k—20% k—20%
2 12.5% k k
He=Hy Hy He Hp Hp He Hp Hy 3 20% 20%  k+20%
XH X[ X[: XB XD XG XA XC:XE 4 5% k k+20%
c 9 5 12.5% k+20% k—20%
noom 6 20% k—20% k
9 7 5% k+20% k
8 12.5% k—20% k+20%
T, T, Ty
9 20% k k—20%
11 ODO00Od0DOooooooogood
Table11 Results of range analysis for supplementary
5 sensitivity analysis
A B C D
1 0.463 333 0.431 666 0.498 333 0.488 333
c 0] 4
2 0.558 333 0.510 000 0.500 000 0.503 333
(u)/m 3 0.480 000 0.560 000 0.503 333 0.510 000
R 0.095 000 0.128 333 0.005 000 0.021 666
c @ 3 1 1.969 333 1.976 666 1.970 333 1.965 333
A ( ) B 2 1.966 333 1.978 000 1.971 000 1.973 000
(5% 12.5% 20%) C (k=20% k  k+20%) 0 3 1.979 000 1.960 000 1.973 333 1.976 333
D (k—20% k k+20%) k
R 0.012 666 0.018 000 0.003 000 0.011 000
4
Lo(3%) 0.57
10 2
11 0.54 +
8 ? £ o511
1 ) — //'
&
X 048+
-)]=T\<
4 2
042+

A ds B BB, GGG DiDD;
8 c o HFR K
8§ DU0OO0OO0O400000
Fig.8 Graph of relation between displacement of dam crest

and four elements
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Fig.9 Graph of relation between safety factor and four

elements
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