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Study on Triaxial Compression Mechanical Properties
of Anchored Layered Rock

Wan Xuzihan, Liu Yongsheng, Wu Xunjie, Zhang Zhixing, He Zhongyi, Yang Zheng, Li Qingqiang

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: Bedded rock is a common sedimentary rock type in underground engineering environment, and an-
chor support technology is generally used to strengthen bedded rock. In order to study its mechanical response
under complex engineering stress environment, Yunnan red sandstone, marble glue, screw and epoxy resin were
selected as raw materials and the test samples were made by cutting and bonding. Triaxial compression test was
used to investigate the effects of different interface dip angles and confining pressures on the mechanical proper-
ties of anchored and unanchored stratified rocks. The results showed that the failure of the sample experienced
pore compaction, linear elasticity, stable crack growth, unstable crack growth and post- peak failure, and its
strength, deformation parameters and crack growth pattern were significantly affected by confining pressure. The
increase of confining pressure can prolong the elastic deformation stage and improve the residual strength and
ductility. The failure modes of specimens with different angles under confining pressure are split failure, tensile
shear failure and pure shear failure. Confining pressure has a comprehensive enhancement effect on the mechani-

cal properties of anchored and stratified rocks, which not only enhances the compressive strength and shear resis-
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tance of rocks, but also improves the post-peak ductility of rocks. This study provides strong support for further

understanding of rock mechanical properties and engineering applications.
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peak strength
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Fig.3 ZTR-2000 microcomputer control
rock triaxial test system
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Tab.1 Triaxial test scheme

Ve FlfE/MPa  fiff/(°) Kot/
W-5-0° 5 0 3
W-5-30° 5 30 3
W-5-60° 5 60 3
W-10-0° 10 0 3
W-10-30° 10 30 3
W-10-60° 10 60 3
W-15-0° 15 0 3
W-15-30° 15 30 3
W-15-60° 15 60 3
Y-5-0° 5 0 3
Y-5-30° 5 30 3
Y-5-60° 5 60 3
Y-10-0° 10 0 3
Y-10-30° 10 30 3
Y-10-60° 10 60 3
Y-15-0° 15 0 3
Y-15-30° 15 30 3
Y-15-60° 15 60 3
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Fig. 4 Full stress-strain curve of unanchored layered rock
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Fig. 5 Full stress-strain curve of anchored layered rock
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Tab.2 Mechanical parameters of layered red sandstone

without anchor specimens

WA el Mpa T g Gpa
W-0-0° 62.1 10.6 7.4
W-5-0° 89.2 8.0 14.0
W-10-0° 104.3 9.9 14.7
W-15-0° 115.0 13.7 13.5
W-0-30° 36.3 10.0 3.5
W-5-30° 90.7 8.8 14.9
W-10-30° 105.3 7.0 24.9
W-15-30° 110.7 12.5 14.6
W-0-60° 18.1 7.3 3.0
W-5-60° 32.6 53 5.11
W-10-60° 41.4 9.8 9.2
W-15-60° 44.8 11.1 10.9
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Tab.3 Mechanical parameters of anchored bedded red

sandstone specimens

e 1 U L1V A%/

RS V(58 2/ MPa (x10°) SRR /GPa
Y-0-0° 58.1 9.9 7.5
Y-5-0° 78.0 3.8 11.4
Y-10-0° 102.0 4.6 15.6
Y-15-0° 113.0 6.4 15.5
Y-0-30° 52.7 8.9 7.0
Y-5-30° 87.1 11.9 11.0

Y-10-30° 110.0 8.0 16.3

Y-15-30° 121.0 4.6 14.6
Y-0-60° 28.8 8.1 43
Y-5-60° 42.0 4.0 8.1

Y-10-60° 52.0 24 19.6

Y-15-60° 58.0 4.0 13.4
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Fig. 6 Relation curve between peak strength and dip angle of specimen
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Tab.4 Statistical table of deformation parameters

for anchorless layered rock test

P PR AR Rl AR AR N ARG IR He
G2 HH/GPa Ey/GPa fH/(x107) fEH/A(x10%) 0

W-5-0° 14.00 10.88 0.007 4 0.006 6 0.33
W-5-30° 14.92  11.25 0.006 1 0.007 8 0.52
W-5-60° 5.11 8.69 0.004 6 0.000 4 0.07
W-10-0° 14.73  10.79 0.008 6 0.006 3 0.28
W-10-30° 24.94  18.54 0.005 4 0.009 1 0.44
W-10-60° 9.17 11.02 0.004 5 0.001 4 0.11
W-15-0° 13.54  9.81 0.0118 0.008 4 0.41
W-15-30° 14.62  10.79 0.0103 0.009 8 0.59
W-15-60° 10.87  8.27 0.006 3 0.001 1 0.12

B, i E7E 5,10, 15 MPa {45 T B SRA AR R 20
BESURGIR  AH BERE BRI 00 0 Ve G 5E  ( 75
TR R R B I I, R A B M 125 A
FARE I T BN, AT BB T IR
IR T A AR AR e . X 3001, Bl

x5 MEERRERRRBRERSHGITE

Tab.S Statistical table of deformation parameters of
anchorage bedded rock in conventional triaxial test

I SRR AR A Ayl AR PR i) 7 AR I IR

%'  #t/GPa E«/GPa {H/(x107) {H/(x107)

Y-5-0° 11.36  15.75 0.004 9 0.009 1 0.16
Y-5-30° 10.99 6.10 0.014 5 0.024 5 0.41
Y-5-60° 8.14 6.89 0.004 8 0.000 4 0.32
Y-10-0° 15.61 13.9 0.008 7 0.011 7 0.33
Y-10-30° 16.26  13.55 0.009 3 0.008 8 0.61
Y-10-60° 19.57  14.97 0.010 4 0.003 5 0.03
Y-15-0° 1550  14.66 0.007 7 0.0152 0.43
Y-15-30° 14.56  13.87 0.008 7 0.008 8 0.51
Y-15-60° 13.43  11.07 0.005 2 0.002 3 0.07
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Fig.7 Loading failure diagram of anchor free specimen
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