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Abstract: In order to solve the problems such as long deformation time period, large deformation amount and
insufficient support strength of carbonaceous slate tunnel with high ground stress. The viscoelastic constitutive model

and large deformation control technique of carbonaceous slate are studied by laboratory experiment, numerical

calculation and field test. The results show that; (1) The peak strength of the carbonaceous slate is greatly affected

by the bedding inclination, exhibiting a U-shaped trend with increasing inclination, and the strength of the rocks

with the bedding inclination of 45° is the weakest. (2) The unsteady Burgers creep constitutive model was

constructed, and the creep parameters of the constitutive model were determined according to the triaxial
creep test. (3) Six supporting conditions were established by using the creep constitutive model constructed.

Considering safety and economy comprehensively, the supporting parameters of the large deformation control test

section were defined in case 3 (HW175 steel frame, 0. 6 m/pin, 4 m long anchor bolt set at the arch, 6m long
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anchor bolt set at the side wall, spacing 1.2 mx0. 8( ring X longitudinal) ). (4) Through the test section, HW175
steel frame and 4 m arch top + 6 m side wall long anchor rod are used. The average arch top settlement and side
wall convergence are 18. 1 mm and 79. 72 mm, respectively, meeting the purpose of controlling large deformation.
The research results can provide reference for similar projects.

Keywords: high ground stress; carbonaceous slate; creep experiment; viscoelastic constitutive model;

deformation control
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Table 1 Statistical of large deformation of soft rock tunnel with high ground stress
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Table 2 X-ray diffraction analysis of sedimentary rock minerals
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Fig. 1 Microscopic composition analysis
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Fig.2 Rock conditions at the palm face
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Table 3 Strength stress ratio of the surrounding rock

i/ (°) HATREE/MPa SRR/ MPa 58BN ) L

0 30.2 3.27 0.18
20 28.1 3.05 0.16
45 23.2 2.51 0.13
70 28.6 3.10 0.17
90 29.3 3.18 0.17

2 BB L A

RIACE B T ROULAS 1) [RI PR AL RE, Mg
BAT AT PRI AE R T8 AR A,
SEEAT Il 4 00 ke R LA I i A
IR,

2.1 ZHESHEIRRE

T A =l R AR I T R T e TR A LA
FMEITSY . RERBILERIAE S A, IR EES
A SRy AU 100 mm | ELA2 50 mm (AT
HEIRAE, Ol R PR R R4l RE &l 3
No 193] 5 MPa [l £ F,0°,20° .45 .70° ,90° 3L 5
ASTTOUH =RhbT R B, Hook B A 5C R i 4
E 4 fis

FE 4 ATHL SR ZE 2 U B A, WifA A
0° 92 A 5 B SR ot , (A7 oA 45° I8 A R S e 59
A /N T 45° B S Aoy o P8 00 33 g ik /0, it
FAKT 45° 5 , A o B2 B o £ 38 i mg 15

'vIY

3 ZHESIRK SRR

Fig.3 Partial samples of triaxial compression tests
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Fig. 4 Triaxial compressive strength of carbonaceous

slate varies with dipangle
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Fig. 6 Destroyed specimens in creep test
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Fig.7  Strain-time curves of triaxial compressive creep

test of carbonaceous slate
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Table 4 The parameters of each model obtained based on the fitted curves
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Table 5 Original design parameters and changed design parameters
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Fig. 12 Deformation monitoring curves
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Fig. 13 Comparison of bolt layout after changing

design parameters
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Table 6 Cumulative deformation of each measurement point
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DK406+45 10. 12 11.13 6.51 34.23 24.27 29.28 18.93
DK406+40 20.26 17.49 15.24 52.14 41.46 44.22 32.91
DK406+35 24. 39 18. 54 17.31 51.12 43.38 43.17 34.71
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Fig. 15 Field monitoring situation
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