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Figure 1 Flow of in-situ stress field inversion

based on GD-PSO algorithm
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Table 1 Physical and mechanical parameters of rock
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Table 2 Stress at measuring points in the calculation

coordinate system MPa
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Figure 2 3D fem model and measurement point diagram

FB2 A RITIHE A& A AT 5 B

Qﬁ@ f

(a) EHEH

éﬁ% &,

(e) B [ =S T4 JE F1

(b) LA RSy

T\
¥

o KFBUMER
3

JME., % BT 13 S S Fike 1 1 ) 35 %00 16 b i 7
i 05 ), ¥ 1 N7 ) 35 4 A T [ B A 1 b B
T ] BF A9 3 3 KT 1 P BT U1 AS T A8 1 BT ]
U EL Y U AR YR8 1 S A T U 1E 1sE E 5Y ) AR O A
Wt A SR B, B R A 1 3 A
B = AR RS AL TR E 8 Rl A
A A AN IR 3 7 TSR INE 2% 3 St o B £ 2
ANTRIVE 2B 00  07 (B DL 4, 0 s B e
ZKCO3, = K 345 m,

B3 LI A S b 8 A H BRE, 5
Fi PSO 5k .GD-PSO Bkt 47 M 4047

SBA TFRBIRK S ) i M T KA
RS TR AL A B T E AR A B 250 15
EEIR R AR

SBS K ia N ) e A B R AL
(R TPIRE TR
2.4 RN NG RERMN N FEHER S
2.4.1 MM NG BRI LER S

REGAIE GD-PSO 575 BB 5 A R4 & [ml A RS )
435I PSO B ¥EF GD-PSO Bk kA4 v e | —
W2 =R 2RI TR R R R
ZREER R B AL L I 4 iR, thE 4 17

&

WA
o

(o) LW =mIENAIES (&> B A IR Sy

VAN
ate
/A
\of

. ‘
{r fr
(g) HEW R B BTy (h) ETFHMNEEY

MmREHEMNTER

Figure 3 Schematic diagram of boundary condition application
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Table 4 Stress values of measuring points under different action types MPa

fER 2 o, g, T, T, T T
Sy -0. 000 970 -0. 000 967 -0. 003 730 0. 000 030 0. 000 223 -0. 000 433
Y B A R T -1.126 320 -0.209 286 -0.035969  -0.024 174 0.069 818 -0. 002 298
¥ = AR A A R T -0.392 424 -0. 076 408 0.002 769  -0.009 030 -0.019 511 -0.001 290
0T ) 3345 R 5 -0.218 009 -1.097 810 0. 069 794 0. 006 334 0. 005 635 -0.275 378
B = AR S -0.079 684 -0.391 384 0.035 894  -0.006 802 0. 002 055 -0. 030 580
KT A % -0. 009 326 -0.023 815 0.000 046  -0.372 755 -0.075 832 0. 020 616
HE 0w 15 ) 7 B 0.032 324 0. 133 989 0.037292  -0.010 568 -0. 002 684 0. 142 670
R R 3 RS 0.058 812 0.032 129 0.071 490  -0.009 177 -0.292 443 0. 004 848
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Figure 4 Relation between mean square error and number of iterations
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Table 6 Comparison of calculated values and measured
values at measuring points after in-situ stress balance
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Figure 5 Results of in-situ stress balance
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Inversion of Initial In-situ Stress Field of Underground Caverns of
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Abstract; In view of the difficulty of balancing convergence speed and nonlinear regression accuracy of existing in-
version methods, a new method combining gradient descent (GD) and particle swarm optimization (PSO) for in-
version analysis of initial in-situ stress field was proposed. In this method, the gravity field and five tectonic stress
fields that affects the initial in-situ stress field were considered as eight basic boundary conditions. The stress values
of measuring points with each boundary condition were calculated by using finite element software. The measured
in-situ stress values were taken as the target values, and the influence coefficients of each boundary condition were
obtained by regression analysis using GD-PSO algorithm. The regression stress values of each point of the model
were calculated and input into the 3D finite element model as the initial stress field to balance the in-situ stress.
The example analysis showed that compared with the calculation results of PSO algorithm, the cubic regression pol-
ynomial obtained by GD-PSO algorithm had the highest accuracy, and the mean square error was 0.579. The re-
gression results fit well with the measured ground stress values. After the in-situ stress balance, except for the verti-
cal stress value, the difference between the calculated in-situ stress value at the measurement point and the meas-
ured value was relatively small, and the directional displacement of surrounding rock was basically zero, and the
maximum displacement was only 5. 26 mm.

Keywords: large pumped storage power station; underground caverns; in-situ stress inversion; gradient descent

method ; particle swarm optimization





