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PSA-SVM approach for
back analysis of displacements and its application

LIU Yong, ZHANG Zhi-jun, HE Gui-cheng, DING De-xin

(School of Nuclear Resources and Nuclear Fuel Engineering, University of South China, Hengyang 421001, China)

Abstract: Aiming at the problems of current approaches for back analysis of displacements on complexity of back
analysis model, large amount of calculation, human intervention and difficulty in solving orthogonal test design method, a
PSA-SVM approach for back analysis of displacements is proposed by support vector machine (SVM) optimized by
pattern search algorithm (PSA). A case study was performed in a stope underground in a mine, Hunan Province. This new
approach for back analysis of displacements was used to inverse the mechanical parameters of the stope. And the reverse
results have been used to carry out numerical calculation on the stope, and the effect of the stope on ground subsidence
was analyzed. Furthermore, a comparison between the numerical calculation results and monitoring results was given and
the both results were in good agreement with each other. The results show that the new approach can satisfy the
requirements of engineering application. And it also show that this approach has some features as simple modelling,
definitive parameters adjusting and accurate solution within a relatively large solution space, and is an excellent approach
for back analysis of displacements.
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Table 1 Estimated value range of mechanical parameters of

rock mass surrounding stope

E/GPa u ¢/MPa ¢/(°) LC sC
6.4-84 022-0.34 9.6-12.8 30-44 0.22-040 0022~
0.004 2

FT2 KU MR TSI B 2
Table 2 Measurements results of displacements on roof, floor

and side walls of stope

Measurement point Roof Floor Side walls

Displacements/cm -3.3 1.9 —4.1

B, X 1 TR ) F S HAE U
Fl N 534 5 ARk 3 Brw), JERH 5 K 6 B
FIAREIEACRIAT IEAS WUE, Wik 4 gl

3) HfE AR AT

WIZH IS bR R, A A, BV A
Bahffih 70°, SemyaE X KV )7 230 18 m, A7
L T W72 F86 AR 2] 86 m 4b. Z " H 7 )
BRI A X ] N AL 16.5 m Ak, EFBHCEH
REZDFAE . ISR b5 (0 RS S ABKR, %A
P55 Y KPR O Sm, B KR 45m, &
[HJ7 W AR 40 m, Y J7 ML 90 me i Adanl&] 1
FiR o

®3 CRIEE A S HIMEKY
Table 3 Levels of mechanical parameters of rock mass

surrounding stope

Parameter

Level

E/GPa u  ¢MPa ¢/(°) LC Ne

1 6.4 0.22 9.6 30.0 0.220 0.0022
6.9 0.25 10.4 335 0.265 0.0032
7.4 0.28 11.2 37.0  0.310 0.0036

AW

7.9 0.31 12.0 40.5 0.355 0.0040
5 8.4 0.34 12.8 44.0  0.400 0.0042

4) BT 5 St 45

EATINA 21405, 3 AdiR 4 PR S T
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JERAR PR R 17 (V7 Bt S A s P APPSR A ), 5
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VA |\ 1 ;
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L F86
St
o X ope
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Fig. 1 Model of stope
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Table 4 Simulation schedule and simulation results

Experiment Parameter Displacements of Displacements of Displacements of
No. E/GPa P ¢/MPa #/(°) LC sC roof/cm floor/cm side walls/cm
1 6.4 0.22 9.6 30.0  0.220 0.0022 —2.378 0.754 —2.888
2 6.4 0.25 10.4 33.5 0.265 0.0032 —2.444 0.655 —2.801
3 6.4 0.28 11.2 37.0  0.310 0.003 6 —1.647 1.648 —1.849
4 6.4 0.31 12.0 40.5 0.355 0.0040 —0.944 1.711 —1.526
5 6.4 034 128 440  0.400 0.0042 —1.366 0.350 —-1.309
6 6.9 022 104 37.0  0.355 0.0042 —2.115 0.749 —-3.052
7 6.9 0.25 11.2 40.5 0.400  0.0022 —2.423 0.977 —2.085
8 6.9 028  12.0 440 0220 0.0032 —2.07 1.374 —2.133
9 6.9 0.31 12.8 30.0  0.265 0.003 6 —3.502 1.731 —3.587
10 6.9 0.34 9.6 33.5 0.310 0.0040 —3.32 1.051 —3.897
11 7.4 0.22 11.2 440 0265 0.0040 —-1.127 1.746 —-1.620
12 7.4 0.25 12.0 30.0  0.310 0.0042 —5.134 2.772 —6.059
13 7.4 028 12.8 33.5 0.355 0.0022 —3.284 1.638 —4.523
14 7.4 0.31 9.6 37.0  0.400 0.0032 —2.823 0.814 —4.172
15 7.4 034 104 40.5 0.220  0.003 6 —1.662 1.658 —1.824
16 7.9 022 120 33.5 0.400 0.003 6 —4.155 2.372 —5.913
17 7.9 0.25 12.8 37.0  0.220 0.0040 —1.488 1.769 —-1.829
18 7.9 0.28 9.6 40.5 0.265  0.004 2 —1.158 0.241 —1.982
19 7.9 0.31 10.4 440 0310 0.0022 —2.126 1.103 —1.740
20 7.9 034 112 30.0  0.355  0.0032 —7.268 5.384 —9.242
21 8.4 022 128 40.5 0.310  0.0032 -1.678 1.125 —1.650
22 8.4 0.25 9.6 440 0355 0.0036 —2.624 1.201 —-1.330
23 8.4 028 104 30.0  0.400 0.0040 -1.971 1.199 —-1.029
24 8.4 0.31 11.2 33.5 0.220  0.004 2 —2.719 0.751 —2.810
25 8.4 034  12.0 37.0  0.265 0.0022 —2.233 1.700 —2.342

X 4 S PR R IBUE T e 5 B, R F6 4SRRI AT
4 NE 3 K PHNEALR N 1Z 4 MR R IUEI T IEAR Table 6 Value levels of 4 influencing factors

Berl, H/KTPIUE K IEAS Bt Jr &gk 6 f1 7 prsl, Influencing factor
TR BH A N RN TR AR SR Level . Mosh oxpension Mesh contacion
M—21, BIF s R e a1 —4 . g factor factor
1 0% 10" 1.1 0.1

RS AN EIIBAIUE S UYL ) 0.8 1000 13 03
Table 5 Default value and value range of 4 influencing 3 1.0 2000 15 0.5
factors

Mesh expansion Mesh contraction — " e L

Value r c i 4) LFFENLEHSENE R R

factor factor
LAk N4 —40 8 k4T 1 ZE
W —— . o oRIRTR T 0 SRR, SR

TNy %6 S G, N T8 2R H bR R R SR N
SHAGHHNE 6+ 8. 5. 9. 6. 8 ASH, HRE

Maximum 1 0 1.5 0.5
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Table 7 Orthogonal test design schema

Influencing factor

Experiment Mesh Mesh
No. r C expansion contraction

factor factor
1 1078 1078 1.1 0.1
2 10% 1000 1.3 0.3
3 10% 2000 1.5 0.5
4 0.8 1078 1.3 0.5
5 0.8 1000 1.5 0.1
6 0.8 2000 1.1 0.3
7 1.0 1078 1.5 0.3
8 1.0 1000 1.1 0.5
9 1.0 2000 1.3 0.1

F8 FFMENAHSEINERSGR

Table 8 Searching results of support vector machine model

Searching result

Parameter Exp ;r(i)ment MeSl.l Mesh.
: r C  expansion contraction
factor factor
E 6 0.6235 1751 3.540 18
U 8 1.1677 979 5.552 15
c 5 0.6984 1033 2.897 17
¢ 9 0.9913 1895  6.453 18
CL 6 0.7112 2231 5.121 21
Cs 8 09776 1336 4.444 11

2.4 FIGEENFESHNIFHFRENRE

R 2 Hagli b3 T JRRARCRT P WS A% e
45 SR A N TS B oy A AR S R SR [ B LA
M, o BN A A SR B AR, SR 9.

R MR TS s Es R
Table 9 Inversion results of mechanical parameters of rock

mass surrounding stope

E/GPa u cMPa  ¢/(°) LC Ne

7.5228 02433 11.6451 403 03231 0.0036
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(=]
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S

Z direction of model/m
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(=]

80
X direction of model/m
2 R X g R A AR A 2
Fig. 2 Vertical displacement isopleths of model along X

direction (m)

Ground subsidence/cm

20 40 60 80
Ground surface along X direction of model/m
3 BRI YR Bt 2

Fig. 3 Ground subsidence curve of model
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