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Calculation of active earth pressure based on hybrid particle
swarm algorithm and energy method

CHEN Chang-fu, TANG Ren-hua, LIANG Guan-ting
(Institute of Geotechnical Engineering, Hunan University, Changsha 410082, China)

Abstract: Assuming a log-spiral sliding surface passing through the toe of retaining wall, based on energy method, the upper bound
of active earth pressure for rough walls with inclined backfill is formulated. The formula can be applied to sandy soil and cohesive
soil. Extracting the screw-in angle 8,and screw-out angle 6, through the slope as variables, hybrid particle swarm optimization is
used to search the most dangerous sliding surface globally. Hence, the optimal solution of active earth pressure is obtained. For sandy
soil, the earth pressure coefficients in this work agree with the classical upper bound solutions of limit analysis when the inclination
of wall is small, but obviously bigger than the classical solutions while the wall angle is larger than 30°. Compared to other
well-known solutions obtained by limit equilibrium based on optimum principle, the solution herein is more approximate than that of
the classical upper bound solution. For cohesive soil, employing the formula developed by this work to calculate the active earth
pressure in an engineering practice, it is found that the relative error between calculation results and measured data is 5.4%.
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Fig.1 Calculation diagram of log-spiral sliding surface
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Fig.2 Calculation diagram of small rotation on slide soil
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Fig.3 Calculation diagram of small rotation on slide soil
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Fig.4 Soil element’s velocity vector on surface AC
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Table 1 Comparison between results obtained by reference
[3] and with a vertical wall

0/() 8C) /) K%

0 0 0.490 0.489 5 -0.10

10 0.568 0.567 5 -0.09

20 10 0 0.448 0.446 0 -0.45
10 0.531 0.5299 -0.21

20 0 0.434 0.426 3 -1.77

10 0.521 0.516 8 -0.81

0 0.217 0.2170 0.00

0 10 0.237 0.2370 0.00

20 0.266 0.265 6 -0.15

30 0.316 0.3162 0.06

0 0.200 0.199 0 -0.50

10 0.220 0.2197 -0.14

0 20

20 0.250 0.249 6 -0.16

30 0.305 0.304 4 -0.20

0 0.214 0.209 9 -1.92

10 0.238 0.2340 -1.68

40 20 0.273 0.269 6 -1.25

30 0.338 0.336 4 -0.47
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Table 2 Comparison between results obtained reference [3]
and with horizontal backfills

. . . kay Al
B/CHY @/C) &C) ] P 1%
0 0.704 07030  -0.14
10 5 0.664 06612  -042
10 0.642 06337  -129
0 0.490 04895  -0.10
20 10 0.448 04460  -045
20 0.434 04263 177
90 0 0333 03327  -0.09
30 15 0.302 03009 036
30 0.303 02968  -2.05
0 0217 02170 0.00
£ 20 0.200 0.1990 050
40 0.214 02099  -192
0 0.669 06679  -0.16
10 5 0.626 06198  -0.99
10 0.600 05866  -223
0 0.434 04326 032
20 10 0.391 03854  -143
20 0372 03607  -3.04
80 0 0272 02707 048
30 15 0242 02377 178
30 0.236 02282 331
0 0.160 01591 056
40 20 0.143 0.1410 140
40 0.148 0.1437 291
0 0.649 06465  ~039
10 5 0.601 05905  -175
10 0.569 05517  -3.04
0 0.385 03848  -0.05
20 10 0.341 03352 -1.70
20 0319 03083 335
70 0 0.216 02179 088
30 15 0.188 0.1865  -0.80
30 0.179 01753 207
0 0.109 01122 294
40 20 0.095 00967  1.79
40 0.095 0091 116
0 0.641 06410  0.00
10 5 0.586 05756  -1.78
10 0.549 05310 328
0 0.341 03441 0091
20 10 0.295 02933 058
20 0.270 02655 167
60 0 0.165 01711 370
30 15 0.138 0.1430  3.62
30 0.127 0.1320  3.94
0 0.065 00722 1108
£ 20 0.054 00607 1241
40 0.052 0.0589 1327
0 0.641 06504 147
10 5 0.577 05734 062
10 0.533 05220 206
0 0.290 03045  5.00
20 10 0.243 02540 453
20 0217 02262 424
30 0 0.108 0.1243 1509
30 15 0.087 0.1014 1655
30 0.078 00917 1756
0 0.024 00344 4333
40 20 0.019 0.0280 4737
40 0.017 00263 5471
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Fig.5 Difference varying with wall angle for
horizontal backfills(6=¢ /2)
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Table 3 Comparison of active earth pressure coefficients
while the wall angle is 30°
o 5 AL SCHR[3] JEAE
/¢ /C) O] G OBE/%  HR BE/% AR R/ %
0 0.180 0.1711 -494 0.165 -833 0.155 -139
30 15 0.156 0.1430 -833 0.138 -11.54 0.127 -18.6
30 0.149 0.1320 -11.41 0.127 -1477 0.114 -23.5
0 0.076 0.0722 -5.00 0.065 -14.47 0.059 -22.4
40 20 0.064 0.0607 -5.16 0.054 -15.63 0.048 -25.0
40 0.063 0.0589 -6.51 0.052 -17.46 0.046 -27.0
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