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Mechanical properties and energy evolution mechanism of coal prone to ejection

XU Wentao, CHENG Yunhai
(School of Mining Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: In this paper, true triaxial loading and unloading tests under different principal stress conditions were conducted to study the
mechanical properties, failure characteristics, and energy evolution laws of coal bodies that are prone to ejection under different loading
and unloading paths, aiming to reveal the ejection mechanism of the surrounding rock of roadway that is prone to ejection after excavation
and unloading. The results are as follows. Firstly, the damage of coal samples that are prone to ejection was more severe under high stress
single-sided unloading than under loading; when the axial pressure is 90% of the peak value, a large shear crack appeared on the surface of
the coal samples, the axial strain rate is high, its own damage degree is large, and the ejection phenomenon was obvious; when the axial
pressure was 80% and 70% of the peak value, respectively, the coal samples did not undergo overall macroscopic damage, the axial strain
rate is low, and the degree of damage is small, only generated tensile cracks on the free face, and the ejection phenomenon was not obvi-
ous. Secondly, the increase of the second principal stress had a reinforcing effect on coal samples that are prone to ejection within a certain
range, the internal composite cracks of coal samples that are prone to ejection first increase and then decreased, and the failure mode
changed from shear failure to tension-shear composite failure, and finally developed into splitting failure; the intensity of ejection first in-
creased and then decreased. Thirdly, in the process of high stress unloading failure, elastic energy was converted into dissipated energy and
released instantly, and the proportion of elastic energy increased sharply, causing the fragments being ejected from the mother body with
energy; there were obvious cross mesh cracks in the free face, and the ejection phenomenon was obvious. Fourthly, for coal samples that

are prone to ejection under high stress after unloading, the tension-shear cracks rapidly expanded and connected, resulting in tension-shear
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composite failure, and the ejection phenomenon was obvious; Fifth, tension-shear cracks appear in ejectable coal samples of after unload-

ing, RA increased sharply and AF decreased continuously, AE showing the characteristics of high energy, high meter, high amplitude and

high frequency. The study results can provide reference for the on trol of micro impact phenomena in unloading surrounding rock during

excavation of similar underground engineering.

Key words: coal ejection; principal stresses; unloading; energy; rock burst

0 5l

TR e N ) A A T A e R o e LR A, A
ALY R, 7 A R R RE U R R,
BB At (R R R O R U1
ZPRBE, SRR ZHTH X B OTERE™ | IR
T TREREAT SR oo o 0 ) A2 P LS B R A0 e, 3
TEREFIK, NS LB HA i, #a
FE iy MU 7 e PR T ilorh i B, BAT R &Mk B
HUPERURIZLNE, & A LR 20, S22
A [R] ff B S HEAT E T o B KU | R
W IRASIHT TR L R b b A X
) ROk Z s IR U IS g0 A5 T I w1

AR, 4R TR b (R 1 R R RO R R R
AR ASE SC, R B 1 il s “ AJRE—317 =22
AL 4 A G B TR B L R e
W T SR AR S A L Al ) AT TR ]
JZ PR A 0 o B i) XS THT S0 77 f L SR B SR T
5 T R BN BG4 A B B UKL 5L el
T RS . S AT . R SR A ST . 7 P
AU AT TR R RO R A I B AT, R T
T B RE o ARG AR R A AT R A A RE
(LB T 19%; 7255550 85 G 8105 71 21k S h
R TR N Tk i R = A (B T e e
Je A BRI B B e i R, o Bk 3l 2 S 2
BRI AP T TR B I sE
T L= B B I, I 82555 R B,
LT kg R A R B BSOS SRAE A AR
T i AR AL DU K i, — 887 TF UG ] g
FHEAINS 28 PN AU A e AR e T U R A T BT
A5 160 A 1TV 80T B A808 B 4 T Tmage
ProPlus X i AR AU S T3 M A5 21 4 T S
U, P T A A he . e A AU 2
3 fein AR AL ] 20 47 55 2 14 S 3 45 2o e 1) 07 PRI,
A IR H SE AR SE A R BE A7 70 dr Ak 2
PR B = 4R AR bR AR 2 AN SCHES R, HETISR
PR A SR . AKDAG %51 3 i I AR [l 5
it Ak B 14 A e S B ol B DR S A e R
ARt ARG AILA 320 5 LS 200 P ) 150 S5 B 25

52

i

TR T B B, I P A o h i
FEJEAT T RIS ot R A5 PO DA Sy A T A TOU7E i
A TP RUR B BB SR AR, T BB R A T A B
G535 Jp €AY D i o i) A 4 o R
AT €7 R I8 9 -9 N vy 187 NS O e
HRZ VUL NPT G, 20T T o0 g i i v s g
BER, BB SRS (e O B

Aoz 12 ok i R R PR R A T 0T
WS, 48 R RE 1R ELR RE 0] TR AR F% 4%, 4 1 1
hitio WHRPEAER) ST AR AR S BOBUR IR T
AT ISR BEAGUC N, I 4 BRI HE N, £33 T
Bt RO A A1 SRR N FE SRR . MR R A5
BRUE T AL T BB AR ARAS T A FIR ) [ 5 A it
PELCRERY T 5 1k, da 7 1 e T & A2 A AL o
W P20 2 ) ST o R B RE I H ot 4y
Shy B R A 28 ol AN AR R 2l i 2 b i, SR AR
SRy ol M R 305 05 S X TR 2 8 BTG
A1 BT B B R, XA BRI AR whd i
SR OCRIEA TS . RBEDT b I R P R
Pt THFELL BRI R RS2 AL HEA T AT ST, 7538
ASETE Al PR A A A B e i A U SR A . H
Je 2 B0R DL 5 iy O i o ity IR RO B 2R AT 23
A, RN (b o B ) e A= ) R 2 Al ik o ik —
B

AT AP R TR 2 R R4,
PR T8 2 BRI AR N R —
FRAEAEAE JE G5k o B R R R AR 5 5,
3T T R LN g T IR AR 1 v ] R A KR
X o R R . 2R SRR B TR
6] 00 S0 5 | AR TR MBS R . 1) K
TR P AT T A LSRN R SRS R AT, 135
TR TN R IX R, LABSRBR Y, S )
SR A VR, LASR TR 3. Sl AR
T T/NEERON B A A 5R | AR | sk o & G
B AR LL) | BB S I e e AL BRI, 2ot T
FORSTRERE  THECRIIAS 5 RS Z AR, #4381
A7 BRRE S A R A 0 . 32 4 ) e R Gt e
7T RO A AR, G i B SIS B T A
RUTE A B v A AT A5 o (ER XA ) 5 — 320



VFSCURAE: Dy TRy 22 R S R R AL

2024 455 6 A

JIMEN B B R W L 7 — R TS, S R AR
BB T — e

t, ASRIRZ 30007 X 5 SR ST XT 42,

TSR] HIfar 27 B = A, BIFSEAS 6] S0 i
PE R 5y SR R B9 7 2 R B R, 23 # 5y

SRR SR BRI 8 v B 7 R AR RN R LA,

BTN VRSN e A LB R T RE <R U, IS

Sy TR LA R I A5 4F T ad R e R AL LA,

PRUT RE A0 5 ALY RN Z (A SC &R, f 7
AE AL 0T 5SS A2 M BIL A5 0 BT 2 SRS R A
PRI 2RO IE 5 BT R TT S AR G, D Tl
Bi7 27 il v 1o ) A SE T2 (o S e R B — e A

1 AEMEFREEEE =X

1.1 g &E
K E =3 shsifar 5 A ik R g s & 0
M1 o 2 N i 12 = A S )V N G - Ve sy VA |

PR I PLAE RS S Xl Y Al Z Bty i

VAR, KI5 1] (X ) T RS2 S0 BRLET SEAT , AU A2
AU RE 16 e 2 T 7 [ R IC T 7 A e IR 1Y B
G5 T {7 1) (2) I G e K3 AT 4 5 000 kN, 7K
S5 1 (X, Y) INE L B AR 4 3 000 kN, A&l 1
Fi7R

B 1 ARy REF LR AR

Fig.1 Loading-unloading mode and acoustic emission probe

position

1.2 KEAHR

ARG 32 BB [ I 2R A T A o
MG, KA A SR Z W 5 a2, BEFE RS
100 mmx100 mmx100 mm, { iF i 17 ) - 52 i 35

B,

DAFZ 1 B0 . S 7B A A P dF i
(R e STEN AR RA g ATiTE S ANA K S RNIUES e SN B Wi I
AU S7, RS TSX1, SR A sk i il Jin 2%,
T 2 4 R S 30 kN/min, JIZERIER I 1, B 5 %
ANFER 7 (X) T )R A T BT AT, B J N 28 K R
J1(Z) J5 1) ZREIR, ARAT B TH] 47 2R Fr) e (i
OFo

2) 7% 2: N T EEGRES . Sy TR AR T
TAEM RN G R . ERREE—. = =)
[Fi] s o 8 2 03 A (3 — 2 07 3 3 i) Shy D 165 B3 1)
70%, 80%, 90%, 100%(F 1), 55— J1°7 10 MPa,
B = FEN JIh S MPa), BUHE 4 %5 TXS-2, TXS-3,
TXS—4, TXS-5; Bfif5, fa4F Y Z J71m B JiAAE, i
AT X J7 1) BT I ey, B ) B AR AN 2a TR o

x1 VAKAE
Table 1 Initial stress value MPa
i [og} o2 T3
TSX-1 20 10 5
TSX-2 100% 0 10 5
TSX-3 90% 0 10 5
TSX—4 80%0F 10 5
TSX-5 70%0F 10 5
TSX-6 20 5 5
TSX-7 20 15 5
TSX-8 20 20 5
7 VIR 77 T s
L LT
7 o/
o/ 1 0,7, ‘
O~ o

o t t
(a) i ST EIE (b) ANFIEE — 2 N g I
B2 AR R sl 8 2
Fig.2 Different stress loading and unloading paths

3) 75 % 3: AR 2 BN S naRiE . kTR
[11] SR 5 10 R T S R R ) R A 6 7 2 T v i
FE o SR 3 D ) R K & ) 46 1 1 K F
(£ 1), RFE9 S TXS-1, TXS-6, TXS-7, TXS-8, iz
¥ %% 34 % Ky 30 kKN/min, FiJ5 Y, Z 07 [ {45 A2,
/NN T (X) J7 ) R4 T BT T, oS IR K
N F1(Z) J5 8] 2R, W B AR A 2b Fis .

53



2024 4F5 6 1]

# £ M FH K 5550 %

2 AEENELR S 1 F R S IR H

AN E RS T RS 1 F R R B 22 57
P, b T B MR A [ 0 3 28 R B L
AR =0 VA 121 7 N [ = e = [ ) [ = R 7 W
Xif 5 S IRRE Sy 2 e RS R AE X L 43 HT
21 BREAHENFHERBIAEE

ST AN 7] 1o 7 T AT 27 R BREARE 118 T 2R B
W YRRRAE, A Bl T4 B 1 17 T 5 A 3o S e TR 1) 2
B A SR AL, AR 5 N ) I AR 5 L
WEIRAY Sy 15 o DRI, T o 2 s Bt S A 0 i
i) 100%, 90%, 80%, 70% 47 E = HhHEI iR

H L 3 7 0 ) 0 28 il g 107 ) - 2 £ mT DL
e FERTH R BB B, B B IR IR A Ak K LB
MG, M2t T MY Bl Eommr i35 N, AaE R kA
W, 07—y AR il 2Rk A 2R 3 By B s 1k B
UG LU A5 T4 T 50 T S T, S 5L S SR ) 1 2 T
25, Hh ) o AR PROH N, il 0 R K B 1) 1 AR
R . Ml s 7 S A Y 100%, 90% B, BE & B
T 2 (L PR UK /0N, G SRS JREARE: PN 5 e 284 1T 3 i 7
Ui, AT A A 22 IR, L B 5 A e R 7
Ut A IR T ) 3L R I 2 i+ AR 2 1 e /N 4
80, FEFR Y R/ IMATREAR, T3 Se B AR Y T
/N, TE N BRI AT AR /N S R Bk & & AR
SROTEIRGE . UL AT LA Y Bl R, S 2%
BOb K, UNR B0 B /NSRS 2, 5 0 5
ik

35 ¢
30
25t —
£ 20 _
£ap
R
#5r — 5=22.06 MPa
ol /| —— 6=2520MPa
— 5,=28.32MPa
.l #=31.50 MPa
0 10 20 30 40 50 60
JAE/107

B3 5 By o H e AR
Fig.3 High stress unloading stress-strain curve
R VAT BT i o e P B ST A A SRR RS |
A5 1) A5, WA S A R RN, R A B )
BTYIREL, i B Y] A0 B 1] SRR B B
TN, B R BRSNS, AT A BT R
54

H & 4 F1Ek 2 AT LR, Y3 RN I (1Y 100% B,
0 1) W AR RN 0,052, B BT RRERE MR R R A v,
BUBCR B Z s il R WA 1 90% B, il ) i A% 2
K 0.045, S i Gt SR e B — Sk By s sk,
SUECER AR X B /D S il A WA Y 80%, 70% T,
iy ) 7 7 243 51 R 0.026, 0.020, BERE R K AR Ak %2
WA IR, ANAE I 2 T = AR sk P e fr bl UB
e BT ) g7 3 AR R, B LR I A T N R SR
B R ETE, ;AR S/ NI, BE A Tl N 7 A,
B0 1 A R, S0 R TR R, AR SN FE 4
SIS ]

(b) 90%

6,=22.06 MPa

(c) 80% (d) 70%

B4 N et B R
Fig4 Macroscopic failure diagram of high stress unloading

R2 BENHHENFESH

Table 2 High stress unloading mechanical parameters

IS Tmax/MPa SRR /GPa DA s !
TSX-2 315 1.30 0.052
TSX-3 28.35 2.32 0.045
TSX—4 25.2 2.56 0.026
TSX-5 22.06 2.56 0.020
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Table 4 Energy value of coal sample under
high stress unloading

kJ/m’
S5 Ue v U
TSX-2 404.236 323.922 728.752
TSX-3 151.399 391.750 543.149
TSX-4 92.924 72.222 165.146
TSX-5 69.843 88.283 158.126
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Table 5 Different second principal stress

loading energy values

kJ/m’
UL Ue vd U
TSX-5 160.511 260.062 420.573
TSX-1 133.863 423.475 557.338
TSX-7 300.161 353.578 653.739
TSX-8 274.588 325.642 600.230
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