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Study on Mechanical Behavior and Acoustic Emission Characteristics of Granite Based on Three-Point Bending Test
Ding Zhanbing', Du Kun®, Wang Ping', Zhou Jian®, Luo Xinyao®
(1.Power China Road Bridge Group Co., Ltd., Beijing, 100048, China ;
2.School of Resources and Safety Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: To reveal the tensile fracture and instability collapse mechanism of granite roofs in deep mining, three types of
samples, namely fine-grained Luotian granite, coarse-grained Golden Ma granite, and medium-grained Yunfu granite, were
selected for three-point bending tests. Combined with acoustic emission monitoring technology, the bending strength, dominant
frequency distribution, damage evolution, and crack propagation patterns were systematically investigated. The results show
that the bending strength of granite exhibits a significant particle size effect. The fine-grained Luotian granite has the highest
strength of 17.79 MPa, with a sudden post-peak stress drop indicating brittle fracture. The coarse-grained Golden Ma granite
has the lowest strength of 5.33 MPa, showing pronounced ductility characteristics. The strength of medium-grained Yunfu
granite lies between the above two rock types, reaching 16.04 MPa, and exhibits brittle-ductile transition behavior after the
peak. The dominant frequency signals of acoustic emission mainly appear near the peak load and in the post-peak stage, forming
three main frequency bands of 0 —40 kHz. 50 -80 kHz, and 130 - 180 kHz. The high-frequency signals (130 —180 kHz) of
Luotian granite surge before the peak, while the dominant frequencies of Golden Ma granite and Yunfu granite are concentrated
in the low-frequency band (0 —40 kHz) after the peak. The damage evolution of granite undergoes three stages: initial damage.
stable development, and accelerated development. Damage accumulation is highly concentrated in the post-peak stage. Golden
Ma granite has the highest damage proportion in the post-peak stage, and Luotian granite releases the largest strain energy per

unit damage. RA-AF crack mode analysis indicates that the failure of the samples is dominated by tensile cracks, and the
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proportion of tensile cracks is negatively correlated with mineral grain size. The proportion of tensile cracks in Luotian granite is

3.17 and 6.15 percentage points higher than that in Yunfu and Golden Ma granite, respectively. The quantitative early warning

method for roof instability based on dominant frequency signals can provide a theoretical basis and engineering guidance for roof

stability evaluation and dynamic disaster prevention and control in deep mining.

Key words: Granite, Three-point bending test, Acoustic emission characteristic, Particle size effect, Fracture mechanism, RA-

AF analysis
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Fig.1 Three types of granite samples
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Table 1 Basic physical and mechanical

parameters of the granite samples
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Fig.2 Load-displacement curves of granite samples under three-point bending loading
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Fig.3 Failure paths and fracture characteristics of granite samples
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Table 2 Mechanical characteristic parameters of

granite samples

L e
1-GWB1 8 014.9 18.84 0.29 201.80
1-GWB2 7129.1 16.73 0.28 290.31
1-GWB3 7615.9 17.81 0.28 341.61
2-GWBI 2 288.9 5.43 0.25 163.40
2-GWB2 2 163.8 5.16 0.24 164.60
2-GWB3 2 268.3 5.39 0.28 190.90
3-GWBI1 6 753.7 16.10 0.26 175.80
3-GWB2 6 578.9 15.82 0.25 217.20
3-GWB3 6 888.1 16.21 0.23 264.21
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Fig.4 Evolution curves of load and dominant frequencies over

time of granite samples under three-point bending loading

R 7 B A3 ATT A A A R AE B 0~250 kHz B 7S
R RS SV L 10 kHz B, %143 % 25 446
THIXTE] X5 2 H A6 5 8 4 R AR X0 8 Fl s TR AR K S
SRR WA A R IR HEAT b, BT 5 AR
TR — i 3 50 5 R P i A A L.
5ATLVE WL B AL XA W EWE S B 0~
40 kHz F1150~175 kHz # Bt . o5 H 43 91 4 20 % Fi



210 F kB RLE A 2026,46(8)
30% . EEARRAL K A A = AL B 1 A0 B 9.0 pu— 2050 o
— L TP T:;T N =0 ) _ — R —~ B
TE 0~40 kHz MRMEL . 5 b sih 55 %0 DL b ZFAE 75| EmeEKER w3 gg
OB (50~ 75 kHz) Al 3 Bt (150~175 kHz) 1 43 - Sl oz
e - 250 s
715 o1 2 Z 20
R4 200 21055
70 * o #]04K
3.0 e 103
60 100 & {g9
50 15 e 1 s o1
éc 0 1 S Al ] S TR 0 0
240 0 30 60 90 120 150 180 210
i
K30 Bt 8] /s
H % (a) PHERE
2.8 550 11,
B 9.4 TR 500 _ o9
R . R § 450 .
0 e 108
0 25 50 75 100 125 150 175 200 225 250 20 g 400 " 107
EH/kHz SN 350 Z 106
(a) BELHE %1'6 0= dos
70 w12 Zggg 0.4 1
BB I =103
60 0.8 = 150@ P
50 0.4 10048, }o
£ - 50 :
3 40 0 L 0 0
in 0 100 200 300 400 500 600
ﬁ?’o Bt [8)/s
20 (b) BEMRIERE
- 9 —— 4000 1o
o L 8 [— xR 3500 ~ {og
0 25 50 75 100 125 150 175 200 225 250 d & 3000 £ 108
FH4/kHz 6 > o
(b) REKAEHE o 2500 2 196
70 % g BB 2000 e 105 &
ok o i B 150082 104
3 e =103
B g 10003{(-0.2
§4o 1 20 E:g'l
AT 0 - 0 4
1% 30 0 100 200 300 400 500 600 700 800 900
H 20 Bt 8] /s
(¢) =RIEREA
10 B
H N ol Mo HHERENHRAGTRNARER
0 25 50 75 100 125 150 175 200 225 250 s ] A it 22

EH/KkHz
(c) ZHRERE

5 ZRARENESRSB AL
Fig.5 The proportion of dominant

frequencies of granite samples
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Fig.6 Evolution curves of load, damage variables and

acoustic emission energy over time of granite samples
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Table 3 Proportions of acoustic emission energy and

damage of granite samples at each stage

ke fiedd /% B/ %

B BT BB BB BB D BRI BYERN
1-GWB1  2.16 10.29 87.55 0.24 0.83 98.93
1-GWB2  3.35 10.21 86.44 0.28 1.12 98.60
1-GWB3  2.55 10.82 86.63 0.55 1.21 98.24
SEHE 2.69 10.44 86.87 0.36 1.05 98.59
2°GWB1  0.35 132 9833 0.5 0.86  98.99
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3-GWBL  0.87 9.13  89.70 047 195  94.58
3-GWB2  0.92 10.25 88.83 0.53 5.15 94.32
3-GWB3  1.01 9.84 89.15 0.61 6.48 92.91
SEHE S 0.93 9.84 89.23 0.54 5.53 93.94
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Fig.7 Distribution characteristics of RA-AF and the crack proportion of granite samples
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57 11 A 4 52 0L AR A AR B B IE L S e T o O JEE 4
WK TR BRI, R R AR K R
HH B 0 A Y RRAE A B AR T RS R AR R AR
5 VR PR R AR B TR AR X A A A
GHES AR

R RS AT SRy R TR ¢ B s 4 A
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FEWE . XU R AR B A TN, X 130~ 180 kHz 1y
RS S B H R Y 2~ 3 A5, I A B R B
W i S AP 4 it o G BELJE 25 0 A FE b 4 JE I, DAAE R
Bh e B . B XTREDRLAE A TIORR , #7 0~40 kHz 11
TRAFAE 54 2238 B 60 s, W 452 7 77 76 W7 F 2% £ X
W 5 SR FH 0. g A R FE T WA 9 S o L DU
MHI BT U R .l AT ST RLAR - P Kk SRR AE 1 G H
PR Z L LR TOUAR B M DT DA 28 60 S T 4 T 8 i Ak
U S8, S R T 2R 8 1 0 E By s A A P R S
HEARKRE.

4 Hi

ASCLLHRL B AR R OB 2 TR AR 1< FIORLARE
BB RRAE B A IR G T J = A A il a0 ) 26 R
BT RAHE S XL T ASRDRLAR 16 1<) 25 1 W 24 B
FI2E R R R SRR AR DUR E A,

(1) AN[FPRLAR AR b 7 25 i o B 25 S b 3 4k
AL B A 50 e R, N 17.79 MPa, 0§ J5 1 7 B
Wit 5 RN ff P T SRR A R R PR AL R A IR
16.04 MPa; fH 47 ¥ 45 K A€ 54 75 5 %, X 5.33
MPa, & Bk U J5 2 [ (1) S 14 0% SRR AE W 101 KRS L
G ENIRTE IRl EE e

(2) 16 54 I0RE 1 75 kS8 32 001 4R v T U iy R 0
JE BB, BRI B 0~ 40 kHz,50~80 kHz, 130~
180 kHz = Z&Miity , Wi etk kL A2 22 W . %
P AE 1 2 LAV AT g 40 h =, D6 i s A0 2 B 08
BB A NRAE B A 5520 g A b PR AR A, L
BB TR B B s = TR AL X A 0 B Y BN TR R
o B U i T O

(3) FEAE = RV iR T By IR o B Rl 43
=N BE A BRI B BE (R BE 1) iR e &R By
BB B D Ak & R B (B BE D . A6 A
AR B E A T TR BN . b B B o 4 RR AE
B A i o EL s 99.27 %6, W R 4405 4 RRON B 3
% AE 54 e B Be 4 493 o LA 98.59 %6 (H R ot
o7 FEACh 86.87 %6 » B 45473 BE R T 155 5 o VR AKX 5 7
B B4 o ik 5.53 %, 8 & % T2 AL R 5 A
T4 IRAE B 7 5 2 I HRORE 45 # il YR el R RS- 4%

(D) =B ERTE A6 XA R DL 24 2
hES . RS H ALK S P A A il s B s
TEAL < 5 R G R AE B 2 a3 e i 3017, 6.15 AN A
g3 o HORL HUREAE B 06 5 O B PF B 2 R RO, 5
VIZ4 506 TN, A 3 B0 A o7 i 28 250 B 4] B A A 3 K

T /1N B U] 224 50 L 5] Bt bz 428 14 K T 364 K i 3,
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