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Experimental study on impact failure characteristics of roadway
with different ellipticity

XU Qingfeng, PENG Shoujian, XU Jiang, YANG Yan, QIN Chaolong, NONG Xiaoli, JIA Li

(State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China)

Abstract: In order to study the influence mechanism of ellipticity on the impact damage characteristics of roadways, the
multifunctional physical simulation test system for deep rockburst developed independently was used to carry out the im-
pact damage test of elliptical roadways under the true three-dimensional conditions, and analyze the evolution law of im-
pact damage of roadways with different ellipticity. The results show that: the peak stress and axial deformation of the
sample will increase and then decrease with the increase of ellipticity, and the peak stress and axial deformation of the
sample with an ellipticity of 1.25 is the largest; the damage of the roadway is mainly concentrated in the two sides of the
side gangs, and the 3D localization of the acoustic emission verifies this kind of damage characteristic; the acoustic emis-
sion counts and energies of the perturbation loading period increase suddenly, and the b value of the acoustic emission de-
creases suddenly, which means that the sample produces the large-scale damage under the disturbing stress. large-scale
damage. With the increase of ellipticity, the maximum counts, the maximum energy, and the decrease of b-value of the
acoustic emission all show an increasing trend. The nonlinear relationship between the cumulative energy and time of the

acoustic emission of the samples with different ellipticity proves the principle of sudden energy increase of impact dam-
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age. The infrared cloud map and average infrared radiation temperature of different ellipticity samples have obvious in-

crease in damage, among which the ellipticity of 1.25 samples is the most significant. The test results provide theoretical

support for the design of underground engineering roadway section to prevent rockburst.

Key words: ellipticity; roadway; impact damage characterization; acoustic emission; experimental study

0 35

I Be IR B 7, 2023 AR 4 [ M 7
25 46.6 14 t, [ LI 2.9%., Bl A& 1R HS BT IR, B
BRIT R PE TE B ARG, IR IR AT IR, 5
H LR T7 | A R G S, A AT SRR RE R E
T o e L RIT RSN T, s s A7 i 5t
PERBAS BIREAL, AEAHEEA VR R A vhib Rt

MR TR TFAZ A R v 3 DA 3 i R T Y
XA . R T, Bl HAT s st | 1
B ATl XEF SR EH], B S I 2 eAgE o
8 B <l 7 N R R N STE) 2N S VDN b N
BB | EEEHUE (UJE). DRI LML S . PRkt
SV SR T R | I I A 5 S v A5 ) BRI
5, BEE 2 MR 2 A8 R T 5 R B B R RRAE
st il B AT T IR R N1 AN B LR A 2 1Y
JOL IR L, e B = 438 S R 458 28 (82422 1 s 7
AR 22 AT T 5 A 3R ORI K, Bl e R B e K
BT AR bR, I KA BRI SR BEAAZ
sk A UOR Y BRI IG IR ST T B HUE
T A IR A S R i, e BUBE T B2 A 1Y
AN BB A | B - BT U R AN 5 DR
3 PR L 0S5 A O ok 2 R FLAE B e
AT AN IR 1] 2 16, S UM B2 A b i o 4 P 2
AR, Z5R I, Er i B0 4 AN B P
ORGSR BRI . AxTET 0. CHEON 4%
T T IR i 1 =l s 4 ) BRASADCR, IF 5T TR
F A WEPERIR RS AL, A B s/ NKSF- 20 ) AR5 1) 2
IR ST ERGR /S GIPALE AP NS S VN
FER o B RR AN IR T =k ) 40
TR, HEHUE | HIR S RS R, X i 3
PR ORI, A BRI A 28 A R 2o e b A A= J)
AR, B BOIR AL T 3h IR, FF &I
IV RIS AERE, EARHUE | AR S A0 TR IR
Ao 2R oAU OE o X B T RS 15 LR 3064 7 o
Fediiass, WA el fir 480 TR AN RS LI A4
SRAFAIE, e B IGAE FOA 18 AE LR 7 7K 287 1o AL
{1 J& 1 4 530 1 BRA0) B iz i S B0 X7 B i BT D) 2R
. SISO AF A R 5 R AL R ARCER 10 1 Bl
P 41205, T2 o J3E AR T BREUR R ik 2 LR < B

il

5 B i i 2T A RS R LR, 45 R I A (B £L TR
(14 DA (L 56 it I 73 149 348 Jon 222 B SG /N Jm 384 i e Je L
REARAY AL AR, 299 f1 0 6000, 5 Rl AR A
A UL e ARG IR0 T AL ARCER AR5 ) B4 P4 1 60
AIFFEAR B30 A 2 L KA X R B ) 2 R PR 52
e RV BT 38 T AR ey U {0 5 32 A LA A6 i
ZHK, MWL R S e/ NG R . A 208
JRE AT SRR 2 B oh i ar il s
Ft R R L AT | HRITC L W T S ARRAE, K BRRR LA VT
T, 3 A AR 2 00 B 4 i, g o 221 ) 7 A S5 T MR
A (i

2 LAk, FNSMEE ERERE . EREUE . JE
WA TE vh i BRI 5 T U 1 B2 AR, (H T
FVRE B 52 2 PR L RS2 T 5T 12 | e B A R, X
JCAR 2 B AR B 3 T e R O BT R I T
JEAS TR B A 0 il MR RIS I, et
EWTHEE AR E T IR, BE— 2D IR T TR
TR 4 R RRRE

1 iR5EEIt

1.1 REHE

RIS T RIS PV T8 o M T AR bk
FIRIESY, VB FH A 36 40 H (0.380 mm) I E &4 41 #
600 H (0.024 6 mm) kL, kA H A B i
T 300 mmx300 mmx600 mm (1)K 5 1A 5 7 F1 ok
BRE, ZE AR R PR K F 3l 80 mm, 1
B9k 40, 60, 80 . 100, 120 mm )4 5 JE 4538 .
V0 (B30 5 1 E A @ KT by =2 L RE SCMA R 3
(m), P

by

" a0

REFIE D TR . O F mlAk J5 08K A i A
WERE A EL , Z2ad 1 d SE 5 WSS, A 0 I L
AKFTHRE R Q¥ A% EHAH: AF=
201 2 WILBIHEATRRE; B ot EAM R 72 TR A
BIAYJE KB, ki 1k B [ A 28 86 55 -k FH 21 m
AR R 5 2K, KA E A AR B R 1 229%; @
I RHE AR B, RIS UG 8 2~3 d, R
FLRURY; B SEATIORE, eialRE7E (A ARBREE T 574 28 do
REENIE 1 FR .

m

(1



1486 2 3 % 1#® 2025 4E45 50 %
— N
@& = m ' v
g (=3
o % i ()
% !
300
m=0.50 m=0.75 m=1.00 m=1.25 m=1.50
R NEL il Esnv=g
Fig.1 Samples with different ellipticity
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Fig.2 Multi-functional physical simulation test system for rockburst in deep coal
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Fig.5 Stress-strain curves of samples with different ellipticity
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Fig.10 Three-dimensional space-time evolution of AE events of samples with different ellipticity
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Fig.12

The b value of samples with different ellipticity

34 VF PRI A [m]HG 150 48 36 T8 o R AR TR I SR T 5 1493
) p— 3000 40%10°
1o | — i — it
I I m__ v |?%0 732410
10t T
£ : 2000 1) geroe &
2 | F =
= 8 115003 +
=l 11.6x10° B&
6r 41000
af ﬂ 1500 180x10°
0
900 920 940 960 980
i [E]/s
(a) m=0.50
] — 3000 | 20%10° i — 3000 | 10
1o | —— i — it 12— I AR 1 5x10
I I Il 123500 l I Il V| 12400
- i ) 1 1.5x10° 10 F=— // )
10+ {] s 4 4x10°
s 112 000 = £ g = 11800, =
N, iR ISUE-S- | By 2
e g ; R 11200 o BR
or g H 1000 ol 1 2x10°
: 15.0x10°
4r i itk | 500 NV 1690 11100
5 LN Y 0 s : 0
890 900 910 920 930 940 880 890 900 910 920
I /s I [l /s
(b) m=0.75 (¢) m=1.00
(f — T3000 | 40*10° L p— g 2.0+10°
12 b—— i & — ST 4L 39010 12 F —— it — Rkt
] 13.2x10° e 41.6x10°
10F I 200 10 fo1 I '/M* 12400
< i <105 3 < /—)E/——— | 105 S
% gl ,lgooﬁmmﬁ % gL 1 i a%%ulo ﬁ
R (L = £ =R / 116005 is
S a— {1200 {1.6x10°8& 3 OF 18.0x10* B
4 / 4 / 1800
1600  18.0x10¢ 14.0x10*
2f ) E
o LML, s . ) .
890 900 910 920 930 940 950 960 890 900 910 920 930
I} [ /s I TH)/s
(d)ym=125 (&) m=1.50
SR NN L ST v On 2 i i
Fig.11 Acoustic emission count of samples with different ellipticity
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Fig.13  Acoustic emission energy of samples with different ellipticity
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Fig.14 Fitting curves of acoustic emission energy for samples with different ellipticities
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Fig.17 The average infrared radiation temperature curves of
different elliptical samples
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