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Route selection of deep-lying and hard rock tunnel in the Sichuan-
Tibet Railway based on rock burst risk assessment

CHEN Shikuo', LI Hanrui', ZHOU Hang'’, CHEN Xinggiang’, LIU Tong'
(1. Department of Geological Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China;
2. China Railway Eryuan Engineering Group Co. Ltd., Chengdu, Sichuan 610031, China; 3. China Railway
First Survey and Design Institute Group Co. Ltd., Xi’an, Shaanxi 710043, China)

Abstract: The large terrain undulations and strong regional geological structures are the typical characteristics
along the Sichuan-Tibet Railway. The high ground stress problem in tunnel construction is extremely complex,
especially the rockburst problem in deep-lying and hard rock tunnels, which restricts route selection schemes and
becomes a major difficult problem of construction. Because of the complex geological conditions of the tunnel
engineering, the evaluation results often deviate from the actual situation if the rockburst evaluation index is not
pertinent. The key factors of rockburst is considering comprehensively, and five factors are selected as the
evaluation indexes, including the ratio of the uniaxial compressive strength of rock to the maximum main stress of
the surrounding cave wall, the ratio of the maximum tangential stress of the surrounding cave wall to the uniaxial
compressive strength of rock, the ratio of compressive to the tensile strength of rock, the elastic strain energy

index, and the intactness index of rock mass. The entropy weight method is used to determine the weight of each
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index, and a rock burst risk assessment model is constructed based on the basic theory and calculation rules of the

ideal point method. By calculating the distance between each mileage section and the ideal point, a comprehensive

comparison of rock burst risk assessment is carried out on three route plans of a tunnel on the Sichuan-Tibet

Railway. The results show that the total rock burst sections of route B is 24.9%, and the uncontrollable rock burst

sections account for 13.4%. The route B is about 4% lower than the other two alternative schemes. The route B is

determined as the optimal plan according to the impact of rock burst disasters. This method can provide a new

scientific basis and technical support for the comprehensive geological selection of deep-lying and hard rock

tunnels.

Keywords: rock burst risk assessment; Sichuan-Tibet Railway; deep-lying and hard rock tunnel; ideal point

method; route selection
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Sichuan-Tibet Railway
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Table 2 Physical and mechanical parameters of rocks
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YT lisbie i o, /MPa G/ MPa oy/MPa
Al 103.4:118.2 39.6 47.4
114.1
R A2 4209 59.5
A3 137.5: 1514 50.3 86.2
144.8
Ad 512 77.4
Bl 103.4: 1182 337 452
114.1
5 B2 356 4238
B3 137.5:151.4 47.9 757
144.8
B4 435 68.1
Cl 103.4:118.2 352 49.6
114.1
. 2 36.1 652
C3 137.5: 1514 48.6 85.5
144.8
c4 45.1 78.1

TE: SRR EE vh, LR b oAl ME < RoRAH, BT P (E.

AR A 10 O 5 0 Aot L 17 3 -5 S ADLAEL XS L mT R
S EL 5 AU B AR S5 R AW &, fie ROKSF 8L )
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A5 53 5 KK 32 07 7 893405 67 N4S°E, 55 52
J5 i N42°—52°E M) 4, 5 IA-M s 12 sh i i f1 307
L EAAHAF o PR, 490 s M R 7 4 S 3 43 A 1 445 SR
FE A% S B 122 % T8 P 7 X380 S5 s b 7 158 O, 7T LAAE Ry
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Fig. 9 Comparison of the measured borehole
value and simulated value

34 WETEM IS bR A

U R Ak % Bk 3 4% A HE R B 19 2 A s PR BE 48 L
W B ZE NI TR ke & . BRI E bR
(T AR AR Ay Gk v ) (GB 50218—1994) ™ vy 44k
BQ fi DA S % 1 [l A 8 A ot 2 201 | 5 B4R Al T
JASE 5 N N N = @ S R 3 Tt VNN N 2 A 5
AR, RS IE A AR B A R T R K.
e, G548 3 MK 4, 15 2 BE 18 25 VA0 48 br () B8
&, & 6 FIirn .

*6 BIFMIERE

Table 6 Each evaluation index values

3.5 FEARARAE

MR Ak 1 e AR e R S LI, ) R
FEVE F8 R 2T 2O ULIRAY, B A% TR XA PR 4R B
MEUE, 2 WA — A B, 1535 T A5 & A0 48 B
AAE R B R 7 AR, g/, WL R T8 A % 1Y 52
B, HIRIE Wy, T 000, Ky F1 0 /o, X 25 5 Y 52 i)
AR N o Horp, S 3 25 PR 48 AR A 19 K/ 5 %
TR R REA 2H RN B R A O, FEAS B 2, AR
5, TR R BT E

x1 BEMEENERY

Table 7 Entropy weight of each evaluation index

M FEbR 0o/ O max oy/o, oo, W K,
T {He; 0.992 0.837 0.997 0.931 0.985
T2 1—e; 0.008 0.163 0.003 0.069 0.015
PEE 0.032 0.631 0.013 0.267 0.056

EALPIE S Eiviny iy 0c/Opmax ay/0, o o, W K,
Al 291 0.41 19.74  0.62 3.60

A2 2.69 0.52 19.74  0.62 3.60

A A3 2.88 0.60 18.35 0.81 4.30
A4 2.83 0.53 19.92 0.71 4.00

B1 3.42 0.39 19.74  0.62 3.60

B2 3.23 0.37 19.74 0.62 3.60

B B3 3.02 0.52 19.92 0.62 4.00
B4 3.33 0.47 18.35 0.81 4.30

Cl 3.27 0.43 19.74 0.62 3.60

c Cc2 3.19 0.57 19.74  0.62 3.60
C3 2.98 0.59 18.35 0.81 430

C4 321 0.54 19.92 0.71 4.00

3.6 AERERAEITEAN

R 5 28 5 A 17 30 A o B 1B 0 S-SR S T
$ R 3 2 3 5 R, R A G TR R T R G
PE D A5 Ok 25 5 DEAG FRAR IR B 5 A R SR Y K
F A B LB A 3 AR 2k % 1Y) S AR S B 1k A 45
NBIANER 8 T N o MRS T BE 12 4> B B 1 A R fE B
PEVEAN S5 0TS, B 2 6 1) 25 48 16 535 5% i A X35 /)N o
3.7 LREKLEA vk KR R

R4 Bl S B2 kL L B N A A S P0G
N33 RO A R U R TRE S L5, 8 3 Ak ik I
25 HLURE B 2 R T O 48 B (B A A A8 S B PE T
PRI A9 PR &5 A A 10 frs . 259 R, A LR
AR B TE 5 T 32.5%, B 4R b AR BE TR (1 T 24.9%,
C LRI B IR BEVE 5 HE 26.7%, D\ e JE B K o L ok
F, AL R AT RETEROKR, B R R A
AT REPE R /N o r 2 i B e A ) B 45 R T At T
HR A BT 1) R, AT B R AT R 1k, R E AT R S
o A LRI TR TT o (AR R R B ) B
7% 5 LR 17.4%, B 2B P AN Al P 1R B i o5 LE 13.4%,
C LB ATT A BT N 17.5%, A ZB%H C 4
B P AN ] R B TR N LA 2, 43l B B 2R K
4.0% M 4.1%. ZEAXT AT %0, B 28 0T w1 446 A 1 i
g o BLAb, 30 i b ot B 5 UR B | R AT R 2 1 5K
I 1t 157 3 A FL AN DA B % A A 2, 25 A N
K 40 Ak R AE 1 Hb R ) R AT IR fE SR TR S
B, L5 B 00 2 A 1S PR TE A T AR i 1 38 A B H AR
T, (PP 2 S N AT
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Table 8 Examples of rock burst risk assessment results
) ) H=2(BRIGHEES)
AL IIES Livy e Peiin VR /m LA 40 oy SHRIERES
J 7 4 il
Al TRAERE 783 ~ 809 e 2.701 1312 0.428 0.480 rhag
N A2 TRAER A 792~ 813 [LIE%3 3.478 2.131 0.516 0.386 el
A3 RN A 1195~1215 I3 4.164 2.969 0.786 0.252 el
A4 TR 893 ~ 912 [I[E23 3.657 2.346 0.354 0.217 it
Bl TRAENME 780 ~ 801 %% 2.553 1.155 0.440 0.540 A
5 B2 ZRAERE 806 ~ 815 1IE53 2.405 0.995 0.459 0.551 &g
B3 AER N 1176 ~1192 JIIE43 3.544 2.188 0.519 0.404 piEdl
B4 TERIN KA 973 ~ 995 11 2% 3.237 2.083 0.588 0.335 SREN
Cl1 ZRAERE 753 ~ 767 IIE53 2.835 1.456 0.427 0.487 rhg
c 2 TRAERE 780 ~ 796 K3 3.883 2.554 0.628 0.420 Ciiedl
C3 AERINEE 1183 ~1191 % 4.125 2.932 0.775 0.261 pivdl
C4 AERINCE 936 ~ 965 [|[E23 3.693 2.385 0.371 0.268 il
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