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Fig. 1 Numerical model for rock samples with crack
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Table 1 Macromechanical parameters of rocks
Material Rock density/  Compressive Tensile Elastic Poisson’s  Cohesive  Friction
ateria
(grem™) strength/MPa  strength/MPa  modulus/GPa ratio force/MPa  angle/(°)
Rock materials"™ 2.63 155.1 11.06 37.63 0.21
Structural plane 0.5 70
2 EANANSH
Table 2 Mesoscopic parameters of rocks
Effective modulus Linear contact
Stiffness . Tangential bonding Normal bonding Friction Frictional
of parallel . effective .
. ratio strength/MPa strength/MPa angle/(°)  coefficient
bonding/GPa modulus/GPa
98.6 1.5 29.2 28 7.6 70 0.5
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Fig.2 Comparison of the laboratory test'”! and PFC numerical test results of granite samples
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Fig. 3  Stress-strain relationship of rock samples
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Fig. 4 Relationship curve between compressive strength

and crack inclination angle
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Fig. 5 Relationship curve between elastic modulus
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Fig. 6 Typical failure characteristics of rock samples with different crack inclination angles
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Fig. 7 Comparison of fracture characteristics between numerical calculation and laboratory tests!
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Fig. 9 Evolution characteristics of microcracks in fractured rocks
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Fig. 10 Evolution law of tensile and shear cracks in rock samples with different crack inclination angles
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Fig. 12 Energy evolution characteristics of rock samples with different crack inclination angles

HI 1] 13(a) AT, AN [R) R BB T A ot A A A T o ot 1) 10 228 ) 38 1 o8 A S B B S TR 3 I
B, FE 3 AP B Je LA B MR gt 1<, B S LA (0L M A5 580 1, B J5 I AT 1198 D 5
Koo B ZEBBTMA RGN, S5 A BE B9 18 1 A ek /1N, AR [a] )l i) AT, A ARl A RERE B
571 19 485 DR 22 SIS 80/ N 5 B DR AR AR R . TR 13(b) BTz, TR0 6 %% B B, AN [R) B ABTA 1 45 A
TURE Y S AR REBAT B 22 5 0 RS AR TR B B, A (] L BT AR 040 A7 s 0 S N 78 FE 4 K
FEAE W 22 57, SRBASUAf B /)N, SR RO 7 R A 19 I T B g o it 2R BT A A G R, i AR B 2 S
A B K B AR A 3 . FEREIR B BE, 5 2B A0 1URE AR A7 A S 10 20 BB DR SBRE L, 28 it {5 o 5o
O A B B o R AT R o 2 RS D O, SR RN AR RE A RO A d K, it 2R S Lk T
IR B B A4 58 DA, L I A B I A 1) 15 A 0 R T T R R R SR BT S, AR R 4
18 TR RERFERUR A A T MR A A I, o B B Y L R ARy . A 13(c) BT, TR
Js 5 A A B B, FERLAE R /DN, HLIERH RN S 1%, RPN AR HURE A9 R W B o e SRR AR IR By

014201-10



% 38 4 E T SRBE O FRGE T oA P RE M R H AL AT %1

B, B IR N RSO W A L PR AR D0, FERLAEMGE I K o T 2RI AT AR R R PR AR 2B
E R LR AR E Y A B, DA, 2B A 0 % O B s REAR HCRE I S M IR 0 . B AR I
AN TS R, A6 B e iU PN AR TBORE ST RS /0y o S URE R A B IR B B, U PR 1 9L iz 2 i
TH R, AR HCRE SR

0.20
025F —=—6=0°
020 0.15F
2 2
5 0 & 0.10f
Q Q
= =]
= 0.10 =
0.05
0.05
0’ 1 1 1 1 O,‘F—_ 1 1 1 1
0.001 0.002 0.003 0.004 0.001 0.002 0.003 0.004
Strain Strain
(a) Total input energy (b) Elastic strain energy
0.20
—=— 0=0°
—e— (=15°
0.15 F —a— g=30°
— —v— 6=45°
E 6=60°
8 010 .
3 —<— =75
o

0.05

(icsearss

0.001 0.002 0.003 0.004
Strain

(c) Dissipation energy
P13 S X AR S

Fig. 13  Effect of crack inclination angle on energy evolution characteristics
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Mechanical Properties and Energy Evolution Characteristics of
Fracture-Bearing Rocks under Uniaxial Compression

WANG Erbo', WANG Zhifeng'?, WANG Yagqiong'*

(1. School of Highway, Chang an University, Xi’an 710064, Shaanxi, China;
2. Key Laboratory for Highway Bridge and Tunnel of Shaanxi Province, Xi’an 710064, Shaanxi, China)

Abstract: To study the influence of crack inclination angle on the mechanical properties and the energy
evolution mechanism during the rock failure, a calculation model was constructed based on the particle flow
dispersion element numerical platform, and uniaxial compression numerical experiments were conducted on
rock samples with different crack inclination angles. The research results indicate that as the crack
inclination angle increases, the peak strength and elastic modulus of fractured rocks show a “V” shaped trend
of first decreasing and then increasing. When the crack inclination angle is small, the rock sample mainly
undergoes shear failure and vertical splitting failure, and the number of tensile and shear cracks mainly
increases in a stepped pattern. The larger the crack inclination angle, the more the rock failure mode will
transition to a mixture of vertical splitting and shear failure, and the curve of the number of tensile and shear
cracks will increase exponentially. As the crack inclination angle increases, the total input energy and elastic
strain energy of the rock sample show a trend of first decreasing and then increasing. The larger the crack
inclination angle, the faster the increase in dissipated energy, but the lower the final dissipated energy when
the rock sample fails. The existence of cracks significantly weakens the energy storage limit, weakens the
ability of the rock to absorb and store elastic strain energy, and enhances its energy dissipation ability at peak
stress in the rock specimen during compressive failure.

Keywords: crack inclination angle; mechanical properties; energy evolution; uniaxial compression;

destruction mode; discrete element
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