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Model tests on deformation and failure laws in excavation of deep rock
mass with multiple fracture sets

LI Shu-chen', MA Teng-fei', JIANG Yu-jing’, LI Shu-cai', ZHANG Lu-chen'

(1. Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China; 2. Nagasaki University,
Nagasaki, Japan)

Abstract: The stability of surrounding rock of underground caverns in development of deep resources must face deformation
and failure problems of post-peak fractured rock. At present, the deformation and failure laws of the surrounding rock of deep
fractured rock mass in strong unloading excavation are unclear, often leading to large volume collapse, large deformation and
other major engineering accidents. Using a large scale three-dimensional similar model test system, the deformation and failure
laws in excavation of deep rock mass with multiple fracture sets and certain tilt angle under high ground stress are analyzed.
The results show that the surrounding rock at the upper and lower sides mainly presents large deformation phenomenon, the
rock at the left and right sides exhibits layered fracture phenomenon, and the fracture area increases from the inside to the
outside with time. Large volume of side wall collapse is induced by the large deformation of vault and floor. The displacements
and stresses of the surrounding rock from the inside to the outside are fluctuant. There is a great correlation between the fracture
angle and the distribution of failure zone. The results may provide more experimental data for ensuring the safety of
construction and operation of deep under-ground engineering.
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Table 1 Mechanical parameters of prototype and model materials
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Fig. 1 Schematic diagram of model tests
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Table 2 Failure observation records in boreholes
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Fig. 20 Schematic diagram of stress variation at measuring points

8
FEES /em
s

around model tunnel
3.2 BB

HRHE RIS HO LB 3 LG L, B i FE2A 120
m, JFEN 10 m ARCEERA, BEIE W R~
132 mX11.7 m, SRR ES MBS
B, BRI 2 R R S TR BB TE 42 A AR
TR R .

21 N A AR i B, K 21 "7,
BEIE b T P E 2B TR ) X e ) A F g K, AR
B fr B R AR, ZLBRAMU RS ) o 7% 2 2 PR
B PR 2R BB 30 8 (e (57 RS A XD, ANAE IR B
W AN BRI AR 43 AT 7 Al R A S R B AR
JrmdEE. K 22 AREEKE RS E, BE 22
AL, FEFE IS BEIE )RR E, W % A A AT A7
Bk, HERHERSE=ZMAF, & “HZR” IE
AR 2R 4 A TR R A o 2B PR 7K P 7 A% AE 2R
Bl EANELE, FEIE SLBRIRS M e 257 B
BRSSO B, K TPALRE R .

21 SAAEERNH S EE

Fig. 21 Cloud chart of distribution of vertical displacement around

tunnel
Bl 23 Sl JE ok = R A = B BB 23 BT,
5K 2 R 7 ) B RAB A B URE 7 /) o AT TR e



994 H O+ T OB % M

2016 4F

P, SEARCE BB TE B THURI R AR Ay B 5 R = g
Ky BIEAE, AHIZ /N T FEIE 2 A W O B K 2N T 5
W3 e A A M 25 AR SR 5 1 e K T I ) S B 3
R, AR B R B K T2 AR T 2R BRI/
830 e M5 A9 R I SRR AP A i 22 1R PR 2R,
DX K TR, TR X3 2R R AR T 1)
I 11 20 9 2R BB 1 2 A o

22 SARAKFIH S L E
Fig. 22 Cloud chart of distribution of horizontal displacement

around tunnel

—— = 'I(A
E+L JI
| B
A
.'4:—.::
5 /‘_—___J SaAEs08
23 ARBEXRER DT HEE
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Fig. 24 Distribution of plastic zones around tunnel
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