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DE-GWO algorithm to optimize SVM inversion mechanical parameters of soft soil
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Abstract: The geotechnical mechanical parameters are the main basis for geotechnical engineering design and construction. In
order to obtain the geotechnical parameter information that is more in line with the actual situation, a displacement back
analysis method based on the support vector machines, faster and more accurate parameter determination method, is proposed.
Based on the grey wolf algorithm, a swarm intelligence algorithm developed in nature bionics, and combined with the
crossover mutation operation of the differential evolutionary algorithm, the grey wolf algorithm is evolved, and the hybrid grey
wolf optimization algorithm is obtained, which is used to reverse the geotechnical mechanical parameters after optimization of
the support vector machine parameters. Based on the subway tunnel project in Kunming, the Midas/GTS finite element is used
to establish a three-dimensional simulation model to simulate the tunnel construction process. Based on the measured surface
deformation of the top section of a tunnel, the support vector machine model optimized by the hybrid differential evolution grey
wolf algorithm is used to invert the mechanical parameters of rock mass. The settlements calculated by the back analysis method
and the traditional Peck formula method are compared with the meas surface ones. The results show that the calculated surface
settlements based on the back analysis are basically consistent with the measured ones, and the calculated values by the other two
methods differ greatly from the measured ones. The above analysis shows that the proposed method is reasonable and feasible,
the reverse performance parameters are reasonable, and the calculated results are more accurate and in line with the reality. The

proposed method can provide a new way for the acquisition and verification of the parameters of rock and soil mechanics.
Key words: tunnel engineering; parameter inversion; support vector machine; differential evolution algorithm; grey wolf

algorithm ; displacement back analysis
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Fig. 1 Mapping relationship of optimal classification surface
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%‘% 1 ER+ESHEEE Table 2 Inversion ranges of mechanical parameters
Table 1 Values of parameters of model soil LD E /MPa M e p/(g-em™)
; c ® E y Jepefit 1.5~6 0.35~0.45 1.8~5.78 1.09~1.51
R e ) e svemy B
€ a ‘m A1) .Y N N N Y
) BEASE S BOE S 436 BT 50 41, Mk
L 10 50 50 17.0  0.42 1.00 REAR B R 3 A7 1 1) 959 2 U10(10°) 33, i
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Table 3 Orthogonal experiment learning samples
BeA Es p BP31 BP32 BP33 BP34 BP42 BP43 BP44
7 /MPa H /(grem™)  /mm /mm /mm /mm /mm /mm /mm
1 2.4815  0.4498  3.7968  1.3384 -26.4095 -40.9652 -24.6060 -7.1573 --- -2.7355 -4.8089 -3.9057
4.7481  0.3831  4.2207 1.3524 -18.4219 -45.5279 -18.7600 -10.0022 --- -2.4166 —4.4952 -4.2558
3 4.7432  0.4176  3.6040  1.2932 -17.7189 -32.7310 -26.6711 -10.6636 --- -4.2959 -4.7174 -4.2234
48 4.0956  0.4062  4.0299  1.3321 -26.5025 -32.2280 -20.8879 -6.0910 --- -2.5950 -4.7490 -4.2098
49 3.6584  0.4165 3.3979  1.2334 -18.5138 -34.1621 -19.6161 -6.0939 --- -2.0894 -3.5371 -2.9590
50 2.5926 0.4074  3.0930 1.1614 -23.8329 -29.1038 -24.8184 -11.4369 --- -2.0067 -5.3758 -4.9246
x4 HEREIKERR
Table 4  Uniform test samples
FEAS Es/MPa I e p/(g-cm'3)BP31/mm BP32/mm BP33/mm BP34/mm --- BP42/mmBP43/mm BP44/mm
1.5 0.3944  3.1266 1.5103 -22.5433 -41.1159 -22.1167 -8.9535 --- -4.8597 -3.3338 -3.3443
2.0 0.4499  2.6844  1.4636 -25.9139 -39.9132 -16.5514 -9.1734 --- -2.7393 -3.2539 -3.0694
3 2.5 0.4166  1.8000  1.4169 -23.4582 -38.0973 -16.9451 -12.6672 --- -4.3348 -3.1331 -4.0029
8 5.0 0.3611  4.0110  1.1834 —21.4858 —29.2345 -25.7267 -10.2678 --- -4.1049 -5.0648 -3.4669
9 5.5 0.3833  5.7798  1.1367 -26.2777 -39.2444 -21.3229 -10.2249 --- -3.6693 -4.2848 -4.0764
10 6.0 0.3500 4.8954  1.0900 -25.7881 —-45.0308 —24.9058 -6.7625 --- —-4.9053 -5.4120 -3.2425
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Table 5 Parameters for SVM model
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Table 6 Data of surface settlement

WS IR/ mm M AL UURE(E/ mm
BP31 -22.43 BP38 -22.38
BP32 -38.17 BP39 -22.60
BP33 -22.20 BP40 -13.51
BP34 -8.97 BP41 -3.35
BP35 -3.95 BP42 -3.67
BP36 -2.27 BP43 -3.94
BP37 -2.84 BP44 -3.49
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Fig.4 Cloud map of calculated surface settlement
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Fig.5 Comparison of surface settlements value
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Table 7 Comparison of differences in settlements
MWl S BP31 BP32  BP33  BP34  BP35  BP36  BP37 BP38 BP39 BP40 BP4l BP42 BP43  BP44
W{E/mm -22.40 -38.10 -22.2 -8.97 -3.95 -2.27 -2.84 -22.30 -22.60 -13.50 -3.35 -3.67 -3.94 -3.49
FOEE/mm -21.10 =35.30 -21.6 -9.51 -4.18 =-2.56 -2.69 -21.00 -21.40 -14.00 -3.18 =-3.26 -3.59 =-3.12
IR/ % 575  7.34 2.3 -6.02 -5.82 -12.70 5.28 6.08 5.13 -3.77 5.07 11.17 8.8 10.60
AEITE/mm -18.20 -29.40 -17.6 -8.01 -2.85 -1.56 -1.71 -18.40 -18.80 -11.10 -2.78 -2.92 -3.01 -2.73
AR/ % 18.77 22.80 20.3 10.70 27.85 31.28 39.70 17.40 16.70 17.60 17.01 20.44 23.60 21.78
Peck T {f/mm -31.20 —-49.70 -30.9 -15.30 -9.61 -5.32 -5.61 -31.10 -=31.10 -20.40 -7.78 -7.96 -8.32 -7.82
MRHRZE/%  -39.10 -30.30 —39.5 —=70.90 —143.00-134.00 -97.50 —39.20 -38.00 —51.60-132.00 -116 -111.00 —124.00
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