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Abstract: Regarding the current research on the mechanical response of rock under nonlinear loading, single-loading
methods are mainly used, and relatively limited research on the mechanical response of rock under the combined
action of nonlinear loading has been conducted. Moreover, research methods mostly focus on physical experiments
and numerical simulations, lacking the support of theoretical analyses. This paper summarized the classification of
nonlinear loading and its advantages in rock breaking and combined the mechanical properties and basic models of
rock media to select the Kelvin-Voigt model in parallel with elastic and viscous elements for the mechanical modeling

of a rock. On this basis, the mechanical response of rock under free vibration, harmonic vibration, and impact load-
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ing was analyzed, and the mechanical response equation of rock under vibration-impact composite loading was estab-

lished, further exploring the energy consumption law of rock. Finally, the theoretical research results were verified

through particle flow simulation using quasi-brittle material, i.e., green sandstone. The research results show that

during the external loading process, the amplitude has an amplifying effect on the disturbance of particles inside the

rock. The energy absorption is proportional to the square of the amplitude, the excitation frequency, and damping,

and the ratio of the energy absorbed in each motion cycle to the total energy of the harmonic vibration system is con-

stant. Meanwhile, the greater the excitation force, the greater the energy consumption for friction. Moreover, the

vibration excitation has a certain promoting effect on the energy absorption and fracture of rock. The research results

provide a theoretical basis for the study of the fracture mechanism and energy consumption law of rock under nonlin-

ear loading.

Keywords: rock mechanics; green sandstone; particle flow simulation; vibration-impact composite loading;

Kelvin-Voigt model; mechanical response equation; energy consumption law
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Fig.15 Single-degree-of-freedom impact system of rock
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Fig.17 Cross-section structure of green sandstone’!
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Tab.1 Test results of the primary parameters of green sandstone specimens
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Tab.2 Main microscopic mechanical parameters of particle flow simulation in green sandstone

HRAEE/GPa | WIEH | FhE5A 0 R/GPa | NI H | WM BhES#E/MPa | DI ZhE5RE/MPa | NEEEAM/ (°) EEERRL
7.580 3.600 7.580 3.600 30.200 19.084 37.700 0.300
70 [E]>47 0.1 ms.
6ok 64.82 MPa—=" it 28 o TUT 3 3% 1A ot 2y
—mEgte o L LN rdedded 4
o SOF PURL AR UL S
a
2 4ol
5
= 30t
g g
20} g
=
10}
oL

0 1 2 3 4 5 6 7 3
1oy R A/107
B 18 BRYERN N-REE % SRS "
Fig.18 Stress-strain curves and fracture characteristics of
green sandstone'!
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Fig.19 Schematic of the boundary conditions and loading

(a) wpfimag

application modes of green sandstone”!

52 RIELERSH

TEA AR AR, RSO B il SRR
) —EEER. RS G AT, b b
HER 10,15, 20m/s, RENAIE KR 5.10.15.20,
25Hz, YRIEH 0.5.1.0.1.5.2.0.2.5mm I}, HFrbr
UGN 20 Fis. HE 20 AT AT 458,



- 484 - RHR 24 (A AR 2 5 TR R

$59% s

(1) Bl Wi pi s B BN, 5 1A Uk
BE IR L W FEIR SR 25 Hz IR IE A
2.5 mm B, BRI sh B R 10 m/s B, 5 A AL
K 435.618 mm , 7E BEH wfli 3 BE 43501 15,
20m/s I, B EE 300 3 005.270 mm, 5612.990
mm, I HIEE] T 6.899 £% . 12.885 £,

(2) e[ B bk o B2 L AR T, el AR PR 8
R, H A RO B B AR, (HE R
RBEA/IN. LN ZEBRE il B 20 m/s R IR N
2.5mm B, RENHIERN 5Hz B, FI ARG E
1 5360.170 mm, ZEHRZITASH 10.15.20.

UK/ mm
435.800
428.620
421.440
414.260
407.080
399.900
392.720
385.540
378.360
371.180
364.000

YK E/mm
3005.500
2987.250
2969.000
2950.750
2932.500
2914.250
2896.000
2877.750
2859.500
2841.250
2823.000

HECK B /imm
5613.000
5586.900
5560.800
5534.700
5508.600
5482.500
5456.400
5430.300
5404.200
5378.100
5352.000

(c¢) 20 m/s
E20 R EESBETTEVERNUKE
Fig.20 Crack length of green sandstone under vibration-
impact composite loading

25Hz B RS0 FE 53 5l 2 5413.020 | 5446.790 |
5524.090 . 5612.990 mm , 34 g 7 552 T 10.010
f5.1.017 £%.1.031 15, 1.047 155

(3) TEAH [F] A B B bl S BE L AR RDAIR T, s
PRI, B AP A SR B S B0 3 R A, (H3
KIUFEERE /N, Hedn : FEBER ok B R 20 m/s | iR 50
SR A 25 Hz B, #RIER 0.5 mm BFERMA RS
B£R 5360.170mm , 7EPRIE 4518 1.0, 1.5.2.0,
2.5mm B}, BB E 5510 5412.080 . 5446.100 .
5527.330.5642.990 mm, $IE /3 HAF T 1.010 £5.
1.016 £%.1.031 £%.1.053 1.

K AVBURLI AL, 75 2 BRET sk MR 10,15,
20my/s IR iy | BRSNS A BT T RO R
BE, i 21 frs. i 21 mTAL Sepdiaas i e, IR
Fpil E G EATA R TFIIME A RO, BE
Wk i e R R 3, SR BRI A R R B AR/ )N

6000 . 30
= #i; -

5000 B RSk il A 1 2 A -
- BRI 7 K RS =
E 4000 f  KIEAIXZ 120 B
= =<
= B
& 3000 - — o
§ 2000 {10 fé
1000 | b

| 0

10 15 20

ok Fsf it 1/ (m/s)

B 21 HESEPEEEHFTTEUWERYT
Fig.21 Comparison of cracks in green sandstone under
impact and vibration-impact composite loading
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