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Abstract: In the design and construction of tunnels with extremely high in-situ stress, it is essential to
consider not only the geological structure and its strong effect, but also the influence of strength-stress
ratio, groundwater, expansive stress, and the occurrence of structural planes on the stability of sur-
rounding rock. At the same time, the angle between the tunnel axis and the three principal stress direc-
tions, the tunnel cross-section and area, and the thickness and dip angle of rock layer are also very im~-
portant. Based on the "Engineering Rock Grading Standard", an approach for prioritizing factors for an-
alyzing the stability of the surrounding rock in complex soft rock tunnels with extremely-high in-situ

stress 1s proposed. The entropy weight method is then used to establish a multi-principal factor cou-
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pling and sub-factor correction method for grading the surrounding rock. The results show that the fac-

tors and methods of surrounding rock classification in the current code are not suitable for extremely

high ground stress, and the results of surrounding rock classification method with priority of influenc-

ing factors and multi-factor coupling correction BQ value yields results that differ by about 10 % . This

discrepancy is due to that the factors affecting the stability of soft rock with extremely high ground

stress are not fully considered. This method of classifying the stability of the surrounding rock 1s highly

applicable, and the use of the entropy method principle in the coupling process leads to more quantita-

tive calculations, reducing the interference of human factors, and making the results more objective

and realistic.

Keywords: extremely-high in-situ stresses; complex soft rock; entropy weighting method ; multi-fac-

tor coupling; classification of surrounding rock
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Table 1 Values of correlation coefficients for each influ-

encing factor
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Table 2 List of correlation for each influencing factor
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Fig.1 Flow chart of surrounding rock classification
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Table 3 Conversion values for the strength stress ratio of

the surrounding rock
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Table 4 Values for the swellability index of the surround-

ing rock
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Table 5 Effect of thickness of soft rock inclusions
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Table 6 Influence of the angle between the tunnel axis

and the maximum horizontal principal stress
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Table 7 Impact of the tunnel cross—sectional area
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Table 8 Classification of rock mass basic quality in high-
way tunnel engineering
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Fig.3 Line graph of correlation values
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Table 9 Weight coefficient of each influencing factors
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Table 10 Correction for BQ values of the surrounding

rock
B s EBIERIBQUE WEBIEBQUE A%
1 282.2 279.1 v,
2 289.5 286.4 v,
3 316.7 313.6 v,
4 292.58 289.48 v,
5 288.3 285.2 v,
6 259.36 256.26 vV,
7 209.29 206.66 V.
8 269.1 266 IV,
9 207.18 204.08 vV,
10 36.16 33.06 vV,
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Table 11 Comparison of grades of tunnel surrounding

rock
brBigns RBEE L BIERBESEH MR
1 IV, IV, I,
2 v, v, I,
3 I, I\ I,
4 v, v, I,
5 v, v, I,
6 v, v, I,
7 V, v, v,
8 v, I\ I
9 Vv, vV, v,
10 Vv vV, v,

i A 73 M e B A B 2 it B BExE T B A SO
B AL 2 I AN HE B, B PR SR AR 5Tt T I Y LA
P22 ROR e T iR AT T A e . A
BT B BSOS 9 0 2 25 2R 0 s e /0 19 T D S 3
ZEIN py T B 2N BT Y 32 0L W R L g A
T KA 25 JE AN 4, BOE R A 45 D T AR A 5 BB 1B
T Be e IE BQE 5 A SCIE IE 7 1545 9 K die 45 2R

84

Z VA 25 R, HLA e B A W g A 3R 8 Ay LR
P, AR A A bR BN AP A 25— AT . T REGE
A & T N 71X, PRl 4 R o B AR 1
Jiti Tk A AT SR A Aol B A8 T 5 e 1R B, 0 b £ A
FHA MWAEIE BQIE MBS BT AR WES%
BB o AE T 98 R T8 K R LA AR, aT DUGE 5 e
HZ e 2 W Z #4151 BQIE %I

o AR DUE B TERT G BQIA MY B B KA 5
2 3HRBEMI R K, N 10% 47 B T A8 T
FE o N ) B E I HE AL AR T e ) 4 B S5 A
i OB IE BT S ) O A Y Y R R
g% i 187 3 %oF PRl 2 R M ) B i B, 0T DU S BAT
LA IE BQIE A 2578 10 LA, BT LA R K 137 1 2 2
— AR R B TE IR K B B L g0
AL A .

400

3501 e

300k !_;:'_'_l.:;:_d::':_-;_:'.t:;_-h.l_.\_.\.I.

2s0f A
%200— Vo

1501 —u BT IF RO [
0f  —— AHBWKEIBOM
ol —a— b E [ E A4 EBQMY

0o 2 4 6 8 10
FIRBRT
K4 BIERTG BQEX L

Fig.4 Comparison of BQ values before and after correction
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