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Inversion Analysis on Surrounding Rock Parameters of Tunnel Based on LHS-WOA-ELM
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Technology, Guangzhou, Guangdong 510641, China;
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Abstract: In order to improve the rationality of mechanical parameters of tunnel surrounding rock, a new inversion model of
surrounding rock parameters was proposed based on a tunnel project with a super large-section in Zhuhai. After the initial
samples were generated based on Latin hypercube sampling (LHS). the parameter sensitivity analysis was carried out to
determine the key parameters of the surrounding rock and improve the sample structure. Then, the whale optimization
algorithm (WOA) was used to optimize the number of hidden layer nodes, the initial weights and the thresholds of the extreme
learning machine (ELM) to form the LHS-WOA-ELM inversion model. The inversion parameters were substituted into
FLAC3D to calculate the displacement and compare with the field measured data. The results show that the parameter
sensitivity analysis based on LHS can investigate the co-variation of multi-parameters with fewer samples, and determine the
main parameters affecting the displacement of surrounding rock as elastic modulus E, cohesion ¢ and internal friction angle ¢.
Compared with WOA, ELM and BP algorithm models, the difference between the calculated displacement values obtained by
LHS-WOA-ELM inversion model and the measured displacement values is smaller, indicating that the inversion analysis
method can well reflect the nonlinear and uncertain characteristics between the surrounding rock parameters and deformation,
and further improve the accuracy and efficiency of the surrounding rock inversion in tunnels with super-large section, which can
provide a reference for determining the design parameters of underground caverns and mining projects.

Key words: Tunnel with super large-section, Parameter inversion of surrounding rock, Latin hypercube sampling, Whale

optimization algorithm, Extreme learning machine
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Fig.2 Process for the inversion model of mechanical

parameters of surrounding rock
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Fig.4 The general model of tunnel forward analysis
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Table 1 Basic mechanical parameters of support structure

£ % HICRA (kﬁiirr?*/**) T;k(ﬁdﬁ Yﬂ*fth
LRl HEFE 120°, 089 mm M beam 33.2 93.9 0.2
WA L P C25 Mt + AUZ @8 mm P H M +HW250@50 cm HHERL shell 24.0 30.4 0.2
I B 32 47 C25 WGt + @8 mm Wi M +120b@50 cm 4L shell 24.8 32.5 0.2
TRAT C40 iy TR 5t Sk 25.5 32.5 0.2

HiFE HEIE 90° @25 mm s #FF LBKSE R T SCHE A B L RS SMI @22 mm BY KA FT cable 78.5 210 0.2

N @25 mm FEFEHAT , BN 8 #R P42 mm BMHIFT
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Table 2 Parameters of surrounding rock

E/GPa # MPa () (kN+m %
BARSH 1.0 0.3 0.2 30 25
AR 0.7~1.3 0.25~0.35 0.1~0.3 20~40 20~30
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Fig.5 The measuring position in YK4+865 section
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Table 3 LHS results and deformation calculation
15 SRR AH LRI {E/mm
E/GPa ” o/ ¢/MPa  y/(kNem ) HHETANA 8 AT A 9 HHETAL 100 HRAWE 29
1 1.27 0.28 37.56 0.28 27.38 —7.781 —6.565 —3.876 —5.783
2 0.70 0.31 36.15 0.17 28.39 —13.058 —11.305 —6.453 —10.131
3 1.01 0.33 27.58 0.26 23.32 —17.877 —6.728 —3.915 —5.916
4 1.12 0.26 33.04 0.23 20.99 —7.197 —6.037 —3.569 —5.334
5 0.78 0.33 20.00 0.15 22.78 —12.310 —10.808 —7.123 —9.917
6 1.24 0.33 29.97 0.19 24.44 —7.181 —6.164 —3.735 —5.380
7 1.07 0.27 23.44 0.24 23.87 —8.409 —7.190 —4.224 —6.328
8 1.16 0.28 28.03 0.12 28.71 —16.428 —13.807 —10.109 —14.633
9 0.95 0.30 34.84 0.14 20.75 —8.187 —7.025 —4.248 —6.229
10 1.10 0.31 22.33 0.29 26.68 —8.388 —7.204 —4.169 —6.313
11 0.89 0.32 24.75 0.14 21.51 —9.805 —8.532 —5.540 —7.712
12 0.76 0.32 29.10 0.21 27.74 —11.792 —10.247 —5.809 —9.081
13 0.86 0.27 24.96 0.25 21.97 —9.043 —7.687 —4.375 —6.831
14 0.97 0.28 33.85 0.30 26.29 —9.128 —7.750 —4.398 —6.873
15 1.18 0.35 40.00 0.20 30.00 —8.370 —7.224 —4.221 —6.290
16 0.83 0.30 20.84 0.11 24.85 —27.241 —23.549 —16.193 —25.138
17 0.90 0.34 22.78 0.10 20.00 —12.212 —10.377 —7.647 —10.421
18 1.23 0.26 32.04 0.18 22.10 —7.159 —6.049 —3.628 —5.312
19 1.03 0.31 26.34 0.17 25.36 —9.486 —8.234 —5.246 —7.348
20 1.30 0.30 39.03 0.26 24.09 —6.772 —5.710 —3.401 —5.012
21 0.72 0.35 37.78 0.23 23.15 —9.833 —8.384 —4.793 —7.462
22 1.16 0.25 31.27 0.21 28.81 —9.559 —8.200 —4.945 —7.241
23 1.05 0.29 35.37 0.16 26.86 —9.429 —8.108 —4.980 —7.213
24 0.81 0.29 26.96 0.13 29.58 —20.696 —17.633 —12.068 —18.241
25 0.94 0.25 31.08 0.27 25.81 —9.553 —8.100 —4.606 —7.198
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Table 4 Results of uniform experiment sampling and deformation calculation

15 SHUE fi %A /mm
E/GPa @/ ¢/MPa PR 8 EFTIANE 9O ARBANL 10 HR A 29
1 0.70 30.00 0.25 —9.667 —8.177 —4.604 —7.349
2 0.85 20.00 0.20 —14.838 —13.090 —8.562 —12.049
3 1.00 35.00 0.15 —8.879 —7.609 —4.599 —6.743
4 1.15 25.00 0.10 —17.077 —14.339 —10.852 —15.516
5 1.30 40.00 0.30 —7.163 —6.124 —3.641 —5.329

x5 BEBFNERITEER
Table 5 Calculation results of valuation

indexes for each model

LR MAE MSE RMSE 15 uf[E /s
LHSWOA-ELM 1.6044  10.516 7  3.242 9 62
GWO-ELM 1.9156  12.0020  3.464 4 70
ELM 2.3291 22,416 6  4.794 6 55
BP 2.0955  15.429 1  3.928 0 92

LA A LR VP 4R AR L TIOORS B H e 2K
KN LHS-WOA-ELM,GWO-ELM,BP.ELM, R
BARAMAL N ELM 78 3 B0k B 1% J5 T BP
P22 X 2 AH LT AR S [R1 458 A 55 s, XA
9 ELM A3 B 5 2 i 5% P 28 I 2%, I 24 25 4

BT B, To T AT SRR A I T B AOR T sy, T
23t WOA Ay ELM R 4% 76 K5 B RRCR - #H
HERGRFEHN,IEW LHSWOA-ELM £ 8 0] Jf T
T A VB T ok LA A T

XoF 3037 S5 W RS A R A7 il 2k 400 B BRI e 4
AR IEAE . i — 20 S W ABE 7Y S 3 45 2R 1) o A 1
4 YK4-+865 Wi ifi B 37 T B S W0 A A% A I 25 4t 1)
LHS-WOA-ELM #8I vr, 15 3] 1 )72 7 2% 2 500 8
45 . E=1.01 GPa, % J] c =1.25 MPa, N EEE
o =25 NG AF B 1 Bl & 1 2% 5 B0 45 R FR A
FLAC3D IE A AL rp, 3 5 H Al 3 il 2458 84 31 55
GERBEAT LI AT ALFE ILE 6.,

Fo6 4 MEATHEHERILL

Table 6 Comparison of caculation results of four models
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fi/mm  GEBEE/mm XS/ Y IEBAE/mm HIXERIE /%0 W /mm MR/ % B/ mm X RE/ %
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10 —9.30 —9.13 1.83 —8.55 8.06 —8.01 13.87 —8.13 12.58
29 —12.10 —11.80 2.48 —13.10 8.26 —14.23 17.60 —13.23 9.34
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Fig.7 Vertical deformation nephograms of key construction steps at YK4+865 section
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Fig.8 Vertical deformation curves of key

construction steps at YK4+865 section
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