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Optimization of slope shape of construction solid waste
landfill slope based on nonlinear programming

ZENG Jiangbo' YANG Long® YAO Wenmin® XIAO Linchao' LU Jian®
( 1. Shenzhen Geotechnical Investigation and Surveying Institute Co. Ltd Shenzhen Guangdong 518028 China;
2. China University of Geosciences( Wuhan) — Faculty of Engineering Wuhan Hubei 430074 China)

Abstract: The construction solid waste ( CSW) landfill slopes can become unstable under external or internal
factors. According to the dominant factors the optimum design of slope shape can be pertinently determined
with the maximum economic benefits in the condition of guaranteeing the safety requirements. A generalized
two-storied slope was analyzed as an example base on nonlinear programming theory in the paper with the slope
shape optimization design method of waste residue being put forward. The experiments of slope were designed
through orthogonal test. The result shows that shear strength and slope shape are the controlling factors of the
slope stability. Simultaneously the quantitative relationship between the critical factors and the stability
parameter was determined by multiple regression analysis. Afterwards the non-inear optimization model of
landfill slope was established using the geometric boundary and safety of the slope as constraint conditions.
That the optimum parameters of slope shape were solved for three types of landfill slope with sandy silt clay.
The method of optimum design was applied to the design slope of CSW in Shenzhen which showed a 9%

increase in the volume of landfilling than that of actual design value.
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Fig.1 Multi-stage slope sketch of construction solid waste
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Fig.2 Model of two-storied slope of construction solid waste
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Table 1 Factors and levels table
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Table 2 Experiments and results of orthogonal design 3
Y/(KN'm™) c/kPa /() h/m d/m 0/(°) Fs Fig.3 Trend chart of safety factor under different levels of
1 14 8 10 5 4 15 1.672 the factors
2 14 14 15 7 5 20 1.922
3 14 20 20 9 6 25 2.046 . (
4 14 26 25 11 7 30 2.129
5 14 32 30 13 8 35 2.191 N N ) °
6 16 8 15 9 7 35 0.943
7 16 14 20 11 8 15 2.323
8 16 20 25 13 4 20 2.209
9 16 26 30 5 5 25 3.872 °
10 16 32 10 7 6 30 1.831 2.3.1
1 18 8 20 13 5 30 1.037
12 18 14 25 5 6 35 2.130 5
13 18 20 30 7 7 15 4.054 °
14 18 26 10 9 8 20 1.665 I m S o (1)
15 18 32 15 11 4 25 1.646 S
16 20 8 25 7 8 25 1.963 IE
17 20 14 30 9 4 30 1.841 =-——+(2L-d) xh (3)
18 20 20 10 11 5 35 0.799 tan§
19 20 26 15 13 6 15 1.922 PS— ;
20 20 32 20 5 7 20 3.529 h— :
21 2 8 30 11 6 20 2.272 —
2 2 14 10 13 7 25 0.810 ’
23 2 20 15 5 8 30 1.939 L— ;
24 2 26 20 7 4 35 1.668 d— .
25 2 32 25 5 15 3.305
(3)
3 o
Table 3 Range analysis of various factors
v/ c/
(kNem™%) kPa @/(°) h/m d/m 0/(°) 2.3.2
K; 9.610 7.885  6.775 13.140 9.035  13.275
Ky 11175  9.025  8.370  11.440 10.935  11.595 2.3.2.1
Ky 10530 11.045 10.605  9.800 10.200  10.335
Ky 10055 11.255 11.735  9.170  11.465 8. 775
Ky 9995 12,500 14.230  8.170 10.080  7.730 ° A '
K, 192 1577 1.355  2.628 1.807  2.655 >
Ky 2235 1.805  1.674  2.288 2.187  2.319
Ky 2106 2,200 2121  1.960  2.040  2.067
K, 2011 2251 2347  1.83% 2293 1.755 °
Ky 1999 2,500 2.846  1.634  2.016 1. 546 o
R 0.313 0.923  1.491  0.994  0.486 1. 109
2.3 Yros = @ + bc + bytang + byh + bytang  (4)
“Yros T ;

cohf— . . .
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to.005(20) =2.8453 sh<p -9 _2h
2
14,(20) | 6.519.10. 402.6. 950..7. 880 tand
2.3.3
0. 005 ( 20)
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0.929 (3)
' ’ MATLAB o
5,
° 12
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1 751 m?%
° 31° 13 m 2427 m?*;
<< > 16
(5) 30%
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4 o
Table 4 Strength parameters and constraint equations of 5
different types of soil Table 5 Results of the optimization
/ / m © m?
e ) / 1(°) /
20 10 h +21.040 98tan( 0) < 18.648 54
10 20 h +21.040 98tan( 0) < 21.152 32 6 10 13 20 1158 1751 $1%
5 30 h +21.040 98tan( ) < 25.984 10 3 1 20 24 1 488 1 986 339,
2.3.2.2 10 13 22 31 1805 2427 34%
4
4
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Fig.4 The optimal points based on the objection function

and constraints
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Fig.5 The ketch of construction solid waste slope
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Table 6 Mechanics parameters of rock and soil
y/(kN'm_3) o/(°) c/kPa
19.2 12 18
22 35 80
24 40 200
2
max S = - 2h +224.5h - C
tan@
5° < 0 < 45°
B <2h <21.6
7
Sho< 108 - 2" )
N tan@
Uk + 21. 040 98tang < 20. 606 00
MATLAB
7
5
AB’C’D’E’ A 9%
7
Table 7 Results of the optimization
/m /(°) /m?
9.6 10.5 21 24 1 605 1752 9%
4
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Fig.6 Model of three-storied slope of construction solid waste
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Table 8 Results of the optimization 2
/m /(°) /m?
6 9 18 20 2561 3589 40%
8 11 20 23 3289 4327 32% 3
10 13 22 31 3986 5364 35%
30% 4
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