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Experimental Study on Excavation Deformation Characteristics Model of
Deep Buried Diversion Tunnel in Layered Surrounding Rock
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Abstract: The large deformation of layered surrounding rock under the action of high ground stress is the
key problem of tunnel excavation construction safety control. Based on the San Gabdn Diversion Tunnel
Project, the similarity ratio and similar material ratio were designed according to the surrounding rock
parameters and test conditions. And the deformation characteristics of surrounding rock under different in-
situ stress conditions were studied by model test. The results indicate that there is a positive linear
correlation between the strain and stress of the surrounding rock at different positions of the tunnel
section. With the increase in stress, the self-stability of the surrounding rock of the left haunch and the

left spandrel will first be damaged. The stability of the surrounding rock at the bottom of the arch is the

best, and the failure behavior is the least.
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Table 1 Monitoring results of ground stress
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Table 2 Orthogonal test factors and levels
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Fig.1 Standard cube specimen mold
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Table 3 Similar material proportioning scheme and

raw material quality
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Table 4 Measurement results of density and

compressive strength of samples
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1 0.80 1:4 0 400 500 2 000 0 20. 00
2 0.80 1:5 20 256 320 1600 400 12.80
3 0.80 1:6 10 240 300 1800 200 12.00
4 0.85 1:4 20 340 400 1 800 200 16.00
5 0.85 1:5 10 306 360 1 600 400 14.40
6 0.85 1:6 0 283 333 2000 0 13.33
7 0.90 1:4 10 405 450 1800 200 18.00
8 0.90 1:5 0 360 400 2 000 0 16. 00
9 0.90 1:6 20 240 267 1 600 400 10.67

;\' k A :——J‘.’ & A

a MBRRE b HEEHRES ¢ KEKEER d BEHH

s

¢ MABUMES: [ FBB o ol
H2 HEHETE

Fig.2 Sample preparation process
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2 2.321 2.351 2.321 2.331 18.2 15.1 13.9 15.7
3 2.286 2.273 2.268 2.276 15.1 15.2 15.1 15.1
4 2.215 2.201 2.201 2.206 14.4 16.7 12.7 14.6
5 2.172 2.157 2.157 2.162 13.4 13.2 13.2 13.3
6 1.968 2.041 2.012 2.007 9.9 7.2 9.5 8.9
7 2.114 2.114 2.099 2.109 7.0 7.1 7.8 1.3
8 2.012 2.012 2.026 2.017 6.5 7.0 7.1 6.9
9 1.997 1.983 1.983 1.987 7.7 7.4 6.9 7.3
x5 WMESW
Table 5 Range analysis
EiEta FRIES 4L KK WP AR R
K, 6. 745 6. 453 6. 161
K, 6.375 6.510 6. 547
e/ K5 6.113 6.270 6. 525
(g- (-,m’3) ky 2.248 2. 151 2. 054
k, 2.125 2.170 2.182
ks 2.038 2.090 2.175
R 0.211 0. 080 0.129
K, 43. 667 34.700 28.533
K, 36.733 35. 867 35.700
T Y K, 21.500 31.333 37. 667
MPa k, 14. 556 11. 567 9.511
ky 12.244 11.956 11. 900
ky 7.167 10. 444 12. 556
R 7.389 1.511 3.044
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Fig.3 Distribution of marginal means

for each covariate
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Fig. 6 Model test and monitoring points arrangement
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Fig.7 Circumferential strain of the tunnel under different

working conditions and different positions
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Table 6 Relationship between stress and circumferential

strain at different locations in the tunnel

NAEFIE N o SWMINA r R MEMERE R

HETR T=441.7700-0. 644 0. 999
LR 7=860. 0750-0. 638 0. 999
pergii 7=1225.0500-4. 220 0.995
ZEHERH 7=632.6100+1. 350 0. 999
HEJE 7=118. 0340-0. 135 0. 999
A7 HER 7=998.2650-11. 611 0. 858
FHEE 7=329. 4400-0. 839 0. 996
FHHE 7=827.6750-2. 923 0.998
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Fig.8 Linear fitting of stress and circumferential strain
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Fig.9 Axial strain of the tunnel under different

working conditions and different positions
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Table 7 Relationship between stress and axial strain

at different locations in the tunnel
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HET 7'=1772.1950-5.708 0.997
g 7'=1934.3550-4. 924 0.998
ZEHEIE 7' =862. 6300-3. 218 0. 995
ZEHER 7' =664. 4900-0. 602 0. 999
HEJE 7/ =488.9700+0. 175 0. 999
A 7'=589. 1200+11. 649 0. 669
A7 L 7'=1 629.9100-0. 648 0. 999
FHEH 7/=1788.1750-8. 244 0.995
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Fig. 10 Linear fitting of stress and axial strain



il TR (R SC0)

5 54 8

6

giE
1) 2% PR 2R AR R ek 8 B2 LA R 70 T o 2 UK

PR R/ NI AR KK LG > T b 4188 = > IS LU Y
WU 7KK HE S5 REABIAA Ao 55 JBE S 470 i i JEE 58 S ARk
PRI IR, JBCRD -5 AR DA A T e 58 JEE 5 TE 4R Ak
HRIKR

2 ) B 1R) W T AN ] 6 5 4 L B o 7 22 5 3 )

RIEAMEMR K R, AR A e M i, SR
Rl A e TR AT

3) B v AN [ 52 B 1) 1) S A i) 102 2 55 3

SEBUELMERICIE AR, 2o 1R il ) 107 A8 1 I T R dy
DA 72180 2 08

S 3k
(1] KRBT, i, 45, im0 By % 1 A5k e F 5 B 45 e 22

[J]. B R (A ARBLIR) ,2023,54(3) :849-865.
CHEN L, ZHOU Z L, GAO S, et al. Research status and
prospects of blasting excavation of tunnel under high stress
condition[ J]. Journal of Central South University ( science and
technology ) , 2023, 54(3) . 849-865.

PR, FhTH, TR I, R 7 B E R ST BUIR S e
[J]. METAHEAR, 2021, 50(4) : 49-52,64.

GUO H B, SUN W T, ZHANG Z M. Simulation research on
construction method of gushing large-span bifurcation tunnel[ J].
Construction technology, 2021, 50(4) ; 49-52,64.

AR W, AR IR BRIE R M R R LS B R
FELI] T HAR(PHEI) ,2022,51(18) :90-95.

ZOU C, PAN Y, WANG H. Mechanism and prevention-control
technology of rock burst in layered rock mass of mountain tunnel
[J]. Construction technology, 2022, 51(18) : 90-95.
ZEANIGE , R ZE A . it 17 ) A FA R AR O v [T ]. M
$7K,2022,41(10) ;33-35.

LIS F, CHEN J F. Deformation control method of surrounding
rock in high ground stress roadway[ J]. Coal technology, 2022,
41(10) ; 33-35.

O S, T, . 42 HOA BE IR R I RRIE K 4 4
FEWFSE [J]. W 25 ] 5 T #2 2 4, 2022, 18 (S1) : 332-
340,349.

YUAN F, BAO C C, WANG M,

deformation characteristics and control measures of red-bed soft

et al. Study on large
rock tunnel [ J].
engineering, 2022, 18(S1) : 332-340,349.

ZEE R WA R /N R R T8 i T B[ T]. 0 TR
(Hh3E30) ,2023,52(10) ;70-76,82.

QIN Y B. Construction scheme optimization of shallow buried,
tunnel [ J J.
technology, 2023, 52(10) . 70-74,82.

Chinese journal of underground space and

bias and small clear distance Construction

[7]

[8]

[9]

[10]

[11]

[12]

[13]

SR, B3 5E BRI, 55, JE T A0 3 R 1 5 K BE 1A
HARR ARO[ T]. BRI R (A AR RR) L2023,
50(11) :181-191.

WUSC, HU Z L., GENG X ], et al. Research method for whole
process of surrounding rock deformation of diversion tunnel based
on full displacement theory [ J]. Journal of Hunan University
(natural sciences) , 2023,50(11) :181-191.
M2 XA ARk AR, 4. 5 1N 1 B K B0CE Bk % % 1 78
FEHLB B T A5 it [ )] B poR 5 TR, 2022,22(21)
9364-9371.

LIUY J, LIU J Q, XU J B, et al. Deformation mechanism and
control measures for railway tunnels under high ground stress and
water-rich soft rock [ J]. Science technology and engineering,
2022, 22(21) : 9364-9371.

SR, R IGEF-, TR IS A5, 3 A6 R E K5 [ e ORI B0y
BRI I A WE T (0], DR M T %R, 2022, 30 (5)
1689-1702.

ZHANG P Y, ZHANG X P, ZHANG H, et al. Applicability
evaluation of prediction method for large deformation of soft
surrounding rock in Lianhua Tunnel[ J]. Journal of engineering
geology, 2022, 30(5) : 1689-1702.

HHR, RIS | A RE I 2 B W 22T [ AR S R P [T ]
T 550, 2024,46(2) :298-315.

XUN Q X. Study on surrounding rock deformation law of large
buried diversion tunnel through fault zone [ J]. Mechanics in
engineering,2024,46(2) :298-315.

R4 A1 SR, 45, e b g J2 bR 8 g T R AR 5
SPRIRFEL)]. VUSSR 22447, 2018,53(6) :1237-1244.
CHEN Z Q, HE C, WU D, et al. Study of large deformation
classification criterion for layered soft rock tunnels under high
geostress| J |. Journal of Southwest Jiaotong University, 2018, 53
(6) : 1237-1244.

FVTE, b R AL, 45, BT 3DEC BLBL i MR ) K F 2
ARBEIE Bl A AR WOR R AR S0 47 [ )] BRI B A, 2022, 59
(4) :127-136, 146.

WANG Y Q, YANG Q, PAN H W, et al. Analysis on
deformation and failure characteristics of surrounding rock in
horizontal layered tunnels under high crustal stress based on
3DEC simulation[ J]. Modern tunnelling technology, 2022, 59
(4): 127-136, 146.

o Bl BEREAR 2R R, A N A S R AR B S X
BORRAIE S BAEIE TR (V] A4 1% 5 TR,
2022,41(1) :147-156.

MENG L B, HUANG Y L, LI T B, et al. An improved
classification method of asymmetrical squeezing large deformation
of layered soft rock tunnels under high geo-stresses[ J]. Chinese
journal of rock mechanics and engineering, 2022, 41 (1):

147-156.



