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Abstract: Under the background of high-geo stress, the construction of railway tunnels in plateau mountainous areas usually faces

geological risks such as rockburst and large deformation, which seriously restricts the smooth implementation of major national railway
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projects. Based on the analysis of the characteristics of high-geo stress rockburst and large deformation of railway tunnels in plateau
mountainous areas, this paper constructs a set of comprehensive advanced geological prediction theory and method system with the
core concept of ' combination of material drilling, long and short combination, targeted drilling and accurate prediction '. Through the
systematic study of typical rockburst and large deformation tunnel engineering cases around the Qinghai-Tibet Plateau, it is clear that
high ground stress is the core energy source of rockburst and large deformation disasters, and the control effect of lithology and
geological structure on disaster types is clarified. Typical failure characteristics such as brittle spalling, fragment ejection and flexible
extrusion, and steel frame distortion are summarized. Following the prediction concept of " combination of qualitative and quantitative,
preliminary judgment and detailed judgment, " the multi-index rockburst and large deformation advance geological prediction
standards based on apparent characteristics, in-situ stress, rock mass strength and TSP parameters are established. The rapid on-site
confirmation method of rockburst risk on the working face of " distinguishing-observation-observation-listening " and the rapid on-
site confirmation method of large deformation risk on the working face of " knocking rock-estimating layer thickness-looking joints-
understanding structure-looking necking " are formed. It is verified by field examples that the prediction results of the spatial location,
scale and risk level of rockburst and large deformation in high ground stress area by the advanced geological prediction technology
system are in good agreement with the actual engineering, and the prediction accuracy is more than 90 %. It realizes the rapid and
accurate identification of major geological risks in high ground stress tunnels, and greatly reduces the safety hazards in rockburst areas
and the demolition rate of steel arches in large deformation areas. The advanced geological prediction technology system can provide
important technical support and decision-making basis for the construction safety of railway high ground stress tunnels in similar
complex geological mountainous areas.
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Fig.1 Rockburst failure characteristics of a railway tunnel around Qinghai-Tibet Plateau
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Table 1 Typical tunnel rockburst cases around Qinghai-Tibet Plateau
N HR B
s o= 2R
maan ok BRE uoa BRER S ooms wra o Bk IR R BRI
& /km F/m +1/MPa
/MPa
BT FHARCHES. 27 B~ hERRE
. . 28.426 1720 JEskihE 48.2 133 Fi1& BT, BEATFIRT 1B, B RERE.
BT RTE T & FE. BHEUK
B = 25 ~ &~ ,5\! =
FURSREET & 19763 1124 HRE. B 48 90~140 Tig T 230 EF,% EE

L& KihE 7®



FIAREKBR A REAE. R 95.3~110. FHFEMEMERNR B~ PF-~RIE

11.66 1827 48.4 J=3
FigE o 9 T " 2
HMSBEEE Lm0 e 445 150~170  Fi@ SHEANE E - R - AL
B i#
B ~ % ~ BRI
RIAREREE B2 A B E—RIE LA AR
16.449 1347 38.2 150~160 Je3 ] 7 HEEF
Wi K TR wtesmmms % PO
\ HHE. X RTFHTRIE 5ER—
N St 200 BIRER
%%E;EB 134 1460 KE.R 4617 6229 TR HEELBEETE Z%ii~ﬁ§:g
BB fr, BEpERE TUEARE
_ o RE-RILEEILEES e
if&;é; 167 255 KIEE 700 110-120 gi‘ WEEERERRENE ¢é R
e ! B0 FE 1 SR A A B

1.2 SR X KT RAFIE

LN I SRR T HCE . TUR . RS IRESHRE R EN, A T K5 I 2 SR 1
W& N JIREN T, RAERFE BT DGR SRS, 3P A R AR AR AR, Bl e fe e
A B I TR RN B 1 R AR (PE2) . ASCEIT G651 ke . Tk JEURUAR IR . F ARk
FODCA B S5 A T e R SR B KA T 3201 (322D, RIUKASIE — M EA DU EERE: OTHAE FE -
BUCE SRS A DUR SRR SR, AR ER, TFZEI S BEA A AR AT @
R R KRBT M F R R RIR, MmN IR, FHZE S BOIE RN IE R A3 B 218
PR, BREMERZIBIE R, @FWHEZEN . WP WZEmH . W2 s & i s ok
B, BAEEEEE, N TKSKER, KA REMEMGEEBA; @R, Y1
AR AT K BRI, B 5 SP B RN RHE R Y, R By SR ™ P
BEIE ST ANERH i s R A

(a) HEREIELREH] ST RS (b) HEREIEAMIARE AT HGE R IR GERNED
B 2 PR e SR R B B K AR T BB AL
Fig.2 Large deformation and failure characteristics of a railway tunnel around Qinghai-Tibet Plateau
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Table 2 Large deformation case of typical tunnel around Qinghai-Tibet Plateau
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Fig.3 Working process of advanced geological prediction
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Table 3 Qualitative criterion for rapid confirmation of rock burst site
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Table 4 Double index classification criterion and standard of high-geo stress rockburst (According to the ' Railway Engineering Bad
Geological Survey Regulations ' (TB10027-2022 ) )
R WIGH Y /) EATRBE R T E

EHRIR PSS
) {8 Gpar (MP2) RlGmar gt

BEIE G VR E SRR, BUOSEEE . THZRREREARE. XNENSR, WiH
e 3<RIOnu=A W PR, NHABRAT R, JER LG BRI TR BE 2~ ha LA A A )
HERB R~ RAGL . BERSE, HRTREERA, W/ T 0.5 ms Xt TR /N

20=0,1x<60 W1 A RS BB 2, e e R, M RKIEBNES, A O A PHMEILR .. FH2SE
EE. MEDNREE, AR, BOREEUE, AR IR,
NFHE AW RIS N BE RS A — 2 RS (8], MR 0.5 m~1m; Xt 15
MK

BEIE A IR AR, BOE e, W KIEAIES, A OUMEILRME. THZRES
KA BRNE, MIBRRIRG, KACa s S U Bl R A BRI RS,
FEMASREL; SRR, IR EA R R, BORERAE R, IR E 1m~3m;
o it T 20 K

BEIE IS IR AR, BOe e, MR OKIEAIES, A OUMEILR MR THZRES
e Onax=260 R/ <] KA TEER, RYCE ) MBURZLSRGE, RahsRzy, AUURH. A, ARRIZG 3
T F AR AR, BORTEEANEEER, SEMIRAER T 3 my i TR AR

4% 2<R/Onax<3

fedl 30=<6,,=80 1<R/0;=2

E: U RIGAH I S LT BRIERT FTLE R/ S I3 25 R — BN 2 — 2, MR PREL T R4 2
22 SN AXTRERIHRR

MR R TR R B E ML) TB 10027-2022 Fff 5% H.0.3, #a KA TEAAMRE S KHTUa N 5
1B, PR AT FE ST R/ Omaxs 15 KR AR JEARYE AR AR T & | A A8 AR IR 46 5 T AR AR T A5 20
21 RS TR A TR R SR A AR ], B ARMUAFAE . SREER LG AR &, B TE R
i, (HTERRME LR —EZER, SETE PR e e, @ R RHE. IR WIS TR
TEOLLEETE—RE I, Hoh/D X 57T 7 KA B A e R . 75 DA TR SERr i/ A e e i i
TR« VISR TS BUAE I R e BT R TS, 1R TR it R e, M S i AN
PR IAB Y 12, SEIRIR G Hedt 2z 4 XA THARS M, [RIHAT S 24 57 S AR S Fe bR st AT 3 2%
ST, LA KA TG TARARAE, LR e B, BRI 2 A R A TR
2.2.1 KA EBRTH R TIRERE

I MmN R T, SR EME S R EARG S, VIASTERPUD R SRR, Gl T
BT RMFFIE IRy, ERGREE . TSP S 2 fabr K8 T M Byt o TR bRt (B 5D o AR 15
e YR N, VPN KA AT RE AN . ST TSP SRIGKREU AR IE . ARath. %, MK
PRS2 SRR, RS P T T B A T H R B R RS R e, T A R SRR, TR
FRABTEBLIE o AR R fS e BRI A, BRI RIS R MAF S e, RIEA RS s
IS5 ARG TR R . 2 A U A R W 42 B 4 T I e BB, 8 R P SR K A A AT /B, 5 SR S5 AT
TSk, Rifgm s KA, et b— g3 hit, DB fFiRiRsC .



TKEE, CRLEN | AFFEAZER
{EEEILNEE)
EDEGEER)
IRHHEHEIESm)
WMEERELNEER)

BEEIFAIEIR EF EERIEI
TRAHEGEFEBRIER. W [
RS TS )

"EENA<IEDFEE" S8
SHEATIAENS (Cnu)

BES, H5E, RuEFEL
EEE AR EiE, S
FIERBE SRS e
(EEE TR Rm)

FTREHR A
FREN = (A R0
BN

FEXER: 1

FIFTHER,

RN ST
FiGE

EEDH

AR
IBESHFTaRE

i S0 1 O T RS R M O+ DiE 5%

e e e e = == = ———

B 5 o KA B At o R bR v R
Fig.5 Standard flow chart of advanced geological prediction for large deformation of soft rock
2.2.2 RERIUAIRIEFHINE SR
RADTE TR EPEIF] 15 055t meE -4 2 8- 1 B IE- A 127, 207 EE. SR 3R
FAESER LR, R Gi4R TR IE I L 1R RS A1 T, KA I PO E IR IR 5 .
RS KB IHPCER N EVERE— %

Table 5 List of qualitative criteria for rapid confirmation of large deformation site
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Table 6 Double index classification criterion and standard of high-geo stress and large deformation ( According to the ' Railway

Engineering Bad Geological Survey Regulations ' ( TB10027-2022 ) )
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Fig.6 Rockburst failure characteristics of a tunnel on the Qinghai-Tibet Plateau railway
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Fig.8 Rockburst prediction result map based on TSP multi-parameter index
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Fig.9 Large deformation and failure characteristics of a railway tunnel around Qinghai-Tibet Plateau
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Fig.11 Large deformation prediction result map based on TSP multi-parameter index
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