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Rockburst Prediction in Deep-buried Tunnel Based on Geostress and
Surrounding Rock Parameter Inversion

TAN Haoyu, ZHAO Hailong, CAO Wei, JIA Xiaohui, ZHANG Qi
(CCCC Second Highway Engineering Co., Lid., Xi’ an, Shaanxi 710065, China)

Abstract ; Accurate prediction of rockburst is essential for ensuring the safety of tunnel construction under
high geostress conditions. Taking the No. 1 inclined shaft of a plateau railway tunnel as the engineering
background, a refined three-dimensional topographic-geometric model of the inclined shaft area was
established based on detailed field investigation data to analyze the geostress characteristics. Combined
with on-site tests and monitoring data, particle swarm optimization algorithm was employed to optimize BP
neural network for the inversion of surrounding rock parameters. And a rockburst prediction method was
proposed that integrates geostress inversion and surrounding rock parameter inversion, which was
validated against actual rockburst occurrences observed on site. The research results show that the
geostress inversion method based on refined modeling can accurately characterize the geostress distribution
in the inclined shaft area. The geostress increases with burial depth, and the variation trend of the
maximum principal stress is generally consistent with the relief of the longitudinal profile of the inclined
shaft. The particle swarm optimization algorithm effectively improves the prediction accuracy of the BP
neural network model, with a relative error of 2. 95% between the predicted and measured surrounding
rock strength. Rockburst is more likely to occur in the bottom section of the inclined shaft. The proposed
method , which combines geostress and surrounding rock parameter inversion, can predict rockburst grade
more effectively, achieving a prediction accuracy of 82. 9%, and thus provides a useful reference for field
construction and rockburst prevention and control in high geostress tunnels.
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Table 1 Surrounding rock evaluation and classification in the inclined shaft area
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Fig.1 Cross-section of the inclined shaft (unit; cm)
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Fig.2 Topographic-geometric model of the

inclined shaft area
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Fig.3 Numerical model of the inclined shaft area
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Table 2 Physical and mechanical parameters

of main strata in the inclined shaft area
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Fig. 4 Boundary conditions and load application
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Table 3 Comparison between numerical simulation results and monitoring data

HA PR By MEE BETUORE TR ST Hasls AeEsiis Hesis
Hul s iy HRALE B BRUE, SEEs T BUE,  SEilifE/ w2/
MPa GPa MPa (°) mm mm R2/% mm mm %
1 72.4 44.3 1.31 0.32 50.2 3.83 4.36 -12.16 4.52 5.23 -13.58
2 125.8 52.4 1.62 0.24 56.5 2.59 2.41 7.47 3.13 3.36 -6.85
3 82.5 45.6 1.49 0.28 51.3 3.67 4.02 -8.71 4.24 4.67 -9.21
4 100. 6 51.1 1.73 0.27 53.4 2.83 2.97 -4.71 3.66 3.93 -6.87
5 142.7 54.2 1. 84 0.23 59.3 2.05 1.93 6.22 2.73 2.56 6. 64
6 90.3 50. 8 1. 56 0.30 52.6 3.35 3.54 -5.37 4.01 4.35 -7.82

P 3 ATAL BRER 1 AL TUTRE e as W B4
S50 5 B 37 W B BE R 2 Bl - 12.16%,
—13. 58%4 , FLAth 28 1) 1% 25 45 XTE I FE 10% LAY,
51 dA R A, DR A e N T AR LA
ARTE K AFAU L, S 5 B3 S 45 R 1R 22 T RERE 2
B, 25 LR 2 BUE R RE S W A S8R
K,

4.2.2 SHEEE

175 58RI 1 0T T /I 2 Wi 5 5 3 1)
TR R E RO, AR R R AT
R H B BEIE A i T 2P 2 A N A A
i A I X NI 3 YR e ke i Y C |5 e | B E 4
PE RS 1) S P R A5 R B B 3 BURE 5 i 6 2
S0 G B A Sl b R SR B 90,3 ~
142. TMPa, W2 H 5 BEA A PR RN 67. 1 ~
123. SMPa, RIL B b AR 5550 1, BRI ok, T
T A PR R R AT A T ) S, AR i A
B TAERCR AR SCHI Bk 22 AR 56 45 1 A S 8 b g
LY 10% AR (4 10% , BUCHP 18] 80% 4k 1) - 1
i, o, IS A I 50. 6GPa, T HLHL
0.24 ZE5E J1HL 1. 72MPa, N B 82 £ B 56. 3°; T 2%
Bl A i MR R B 44, 7GPa, TARA TLHR 0. 27, B 5
B 1. 54MPa, N EEEEFH R 52. 8°,

3 I AN VBT R L R B AR AE AN ) 0 B T
TR ARG 25 WSO AU (EL, I 55 50 I 45 SR 147 X
YR 5 S 15 22 > 109% I, S B %80 .
IZ I BARIT 54 4T BlE S EOCE R E
4.3 [IHSHUH

M FA SO RE AR S R 2 PR FH e /MR AR
B Ay B FHPERS IR Y BP #2846 4 S [ 5
BRI BT, SR, TR BP 4 W
LI TRUE R, 3 2 T 4Rk e /Mb B AR R FORTI
SUEIRZEMEE R O 1 A5, FR 22 R BUE BT R £
T ] PPl SR BRI R O 1 sl H A 24, AR ZECh
Jrids /N A TR 42 SR de /N A5, TR 2 s B Sk

FENS FoE ME 225 R, R B S 8 R TR
FE A SCR AR RS A LAk
4.3.1 SR

B SOREU 54 LB A TN 2R 326 3 h iy
6 LHEAEAE R B UESE , I XS LA BT &40 BP #4844
BRI ZE R BlS SEU ST, BP i 28 0 2%
BRI SHS 5 SCHR[ 21 ] SR T B, B A )21 sk
BWR 2, 5 ZET B 4, RE R E RN 2,
TR RN 8, 2 R A 0.01, [F) B HR
Sigmoid PRIESAE AT pRES, 176 HURR IR 125 401 2% PR EK
YRR R R, LA 2/ IMEEAS B8 80 20 AT

ARCHET Python 15 7 4 il ALY, #5 & BP #i1 &
RIZEAAY 64T BP W28 I Rl &5 S0 Bds k47
FRUEAL NI —fbAb 3, 9K J5 R FHORL 1 5300k 0
iAo, BEASEE TR Al 8 R,

__________________

| TR |

| fespiiEs T K
I '
Eary
WELRIFIERLE ‘ l
ARG s
7 —{  ugmzRamn |
| LR REERLE l
RFRRALH S48
R |

| mwnrmmmen  |—

A+

I |

B8 EaZHRESWRE

Fig.8 Inversion process for surrounding rock parameters
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Fig.9 Uniaxial compressive strength test results for rocks
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Fig. 10 Rockburst criterion prediction results
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Fig. 11 Rockburst occurrence in the inclined shaft area
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