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Dynamic behavior and energy evolution at rockburst mutation
moment based on DEM

WEI Rui®, ZHAO Cheng®", QIAN Yuan®

(a. College of Civil Engineering; b. Key Laboratory of Geotechnical and Underground Engineering of Ministry of
Education, Tongji University, Shanghai 200092, P. R. China)

Abstract: The dynamic behavior and energy evolution of rockburst at the moment of sudden instability are the
key to reveal rockburst formation mechanism. Based on the instability theory and stiffness theory, a combination
model consists of rockburst body and its surrounding rock was established using the three-dimension discrete
element method (DEM). With it the energy evolution process of the system is visualized through secondary
development and the ejection phenomenon of rockburst is simulated successfully. Based on the numerical
simulation, the tempo characteristics and energy evolution patterns of instability of the system are studied. The
results show that the rockburst rock body reaches the peak stress slightly earlier than the surrounding rock body.
The rupture and softening of the rockburst body after the peak stress results in the unloading of the surrounding

rock body, and causes its stress change from increases to decreases. The surrounding rock mass then has a rapid
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rebound deformation to the rockburst body, and the elastic energy stored in the surrounding rock body
converges to the rockburst body. In this process, the positive feedback regulation mechanism formed by the
interaction of the two subsystems accelerates the fracture process and finally leads to dynamic instability. The

research results can provide theoretical reference and technical support for further revealing the rockburst

mechanism.
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Fig. 1 The bursting rock-surrounding rock combination specimen and its control specimen
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Table 1 Macroscopic mechanical properties of the Baishan Formation Marble

[31]

I d/(kg/m®) B R K/Pa B YR G/Pa Fh% T c/Pa WEEHE A /(%) kISR ¥ 6,/ Pa
2700 2.44>10" 2.18x 10" 3.73x 107 33.69 5% 10°
T2 EMTEMFERIHNENTZHFE
Table 2 Macroscopic mechanical properties of the virtual joints and new cracks
o BRI £,/(10% Pa/m) VI RIE £/(10% Pa/m)  FWHSKPRIE o/ (10°Pa)  WWHEER Ty o/Pa WIEEM /()
AR 3 1.5 1 4107 33.69
A 3 1.5 0 8.37x10° 5
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S/ (m/s)

3 8208E 04

(a) A

L )
1.0000E+01
I 9.0000E+00

(b) B i

f‘ ﬁy*/(m/s)

00E+01

9 ()OOC E+00

o 8.0000E+00
7.0000E+00

g f+00

§
=S
%
S

=2
R
5]

SO L
232333332
+
S5

(c) CHH

6 EREHESNENESRAR
Fig. 6 Rockburst phenomenon at the typical points

TEZ2 T B, v A R e e (22 3 8 e AR ik
FE45 25 . B W AE A A TS AR R 4R R RO iE
ANRAWB MABB . A SRR EEE S5 AW
e A A, 1 220 o 3 A7 i 7 o A 2, 40 R E AR
BREA . WA A SR N BRI IRk B A S R
R X — B B AR R AR B G Y X
BRI S DA A R F)
ﬁﬁ%?&ﬁ?ﬁ%ﬂ@ﬁq‘rﬁﬂamﬁ%ﬁﬁ%1 45%, ﬁ‘éﬁﬂz”%%

AR GRS SE AL, R T H R kM Bk AR
BHT IR Z T T ABBIW R Fa T AR bﬁ‘iﬁéﬁzi
IV 77 W JEE R AR, JL-F TG 4k 2 R R BE O (181 4) .
G BSF, Cd He fA g 57Tt (B 6 (b)) | e B 31T 3k
10 m/s, -3 B 1. 48 m/s, B4 He ik B K 3 fig
i50.06 J, B He kB shBE R 2. 94 T, F3k C A5,
TE B 5 00 85 BE 2 0 B fk 28 1k — Be ik 1] i % AT, BEE
TR L BB R B R s KA B
I, 5 SR B IG— 3

AH LG b A ] B0 R 25 4 B 0 R B4, X HE 4k
BEUR AT A B M PE R IR o R g - i) 25 BORn
N F7-0 AR f R A S an 7 B 8 i . AT LR R IR
FE I S A 5 A7 IR R 3] B, ZH A A H
AR MM AR X B AR N T BE R S Y
WA A1 518 85 8 K, (6 BY g 47. 2 MPa, Ji5 £2 163X — {1 B
T KA 3 S 0 AR AR Ak T A AR R B IR S L
T TR AR . HR R AT AR 6 5 9 X L &

i
90} i
H
sof 1
70 *
< 60 ‘.
% !
s0F 1
S W
40 B
30+
201
10
0 2 4 6 3 10 12
a0 10°

B 7 %R 4E 9 R 77 - B () 57 20 ih 4k
Fig.7 The stress-number of timesteps of the control

specimen

100
90
80|
70k
60
50
40t
30
20F

o/MPa

0 4 8 12 16 20 24 28 32
&10*

B8 XIHRZARIR F1-R7 3T B 2k

Fig. 8 The stress-strain curve of the control specimen



% 34

ME,F AT ZhBRAWERRESLIANTAL R EBELAL 107

L, S G A1 S R R IR R AR i 2 R
A B R > BB R SR TR R T R R
1M JLF- JC vk gk 2R 38, 55 4 3 B 4230 Ry 05 1 4] I 2
R RE AR DAL A7 A5, 58 SR M 4 R fi ey 30 X el A Tl 24
WE 9 (a) fr 7w, &6 4 B A Bl 224 4R 459 T 1R /) )
L IR RAEBL 0.8 m/s, [HBEE B’ C' B I J1 (1%
BRI, B C B RS 24 35 W0 45 AR, R 4 IX I
ANFEELAT WY R R IR JC M R B L SR A X
oA TEEE I — 5 R R R A

SE/(ms)
8.0000E-01

S/ (ms)

2:0000E-01

1.5000E-01
| 30000K-02

3.8105E-04 20000

(a) A5
B9 XfBRA4FAE S X M B AR A IR I &R

Fig.9 The brittle failure phenomena of the control

(b) B’ &

specimen at the typical points

A Fn R 7 20, ik 56 4L R G R A O RS AR AE
Wk 1) 52, 1H A P& 8 AT O XoF 1 2 3 B 4 B s 7 2R Y
Al ey R A AN T AE TR S R H AR B R AR AR K, B R
ZIEMEUHEHE - S KKmER”., XFH
SR WA R RTE SRR B v Bl ™ R 4R e AR B
FEE T R SR FH A TR Jn 48 X B 30 & R
THNE AT U A R AR B B IR T RE A2 B T B
Bl 25 A 1) 6 200 b o, 6 W ) 7 26 T 2R T 46 AR
o WP G R B , KA Ak 1 & A Bl
BRI ALY
2.2 ABRRTANFHERFEHEE

ABBURE BRI R AT B, Horp A SR R
P e 2% A8 g R BRI e Tt S B B 1Y
& MR A T A 1) 58 748 R, 5 BBk O A% AL B AE 5 I
M TR I o A A TR — B ) I ) X3
2R G0 10 9 AR AL AT A, 22 ) R A T B A 1
Ji-mpE2E R £, P 10 R o BB 100 DL, e g
B PR 46 A2 08 B B, W 2 I 6 L7 B A, L R 2 &
HASTE Upi . B0k 5, P 43 2 8 TR, JF
TR B IR AR AN FT o FEHEAS T R R 04 (X 3
FETE 20800 22 57, 100 5 4% 19 T WAL ol A 26 8 76 3 b
R G . WEE B, T AR S, 2
07 A AR e T A PR o e (B R B A A & R
TEE R PRI T R AR T L AR i S Y W
PSRRI I (RN R R K ME, T
A 52 S ek 55 X BB R A S A T 22 R B
%, T8 B0 I B B o

[ —— s rH
90f —— HEE N
80 99.06 D
or 97.57
5 60
g
= 50
5 E 34.58 34.62

10 BL

L L L L L L
5 10 15 20 25 30 35 40 45 50 55

a4 10t
E10 FREMESEBNARETE

Fig. 10 Stress-time sequence of the bursting rock and the

surrounding rock

WA DX Js ) K T S 7 7 WA N g B 3T,
A3 AR FBL ey A O AR [ i B I {5 A B A A
B W A R, R R AR SR BRI RE T, L I [ A
FR 0L T M IR AE 18 1 A, 22 0 R BT R I 1R) L 3 D g
G B W (B . TE AD I B A R A R OAR R
A Al BN R BEAR R 48 T AE D si 25, it 4R
RERGEAR NPT B, LA R B B 2 2
W INPR R T TR AR ) S0 AR A SR 2 . X B
PR L 3 B I P 22 A R AE 6 B G T AR SR AE AR — E Y
FHEAE A B AR W, L [ el T 4 3 1 K
e

G R A e 7E A B A AR I S 32 Bl B )
B ARG R AR — P RALT7 3, T Bh HE ) R R AR R
M2 Bl B S EULACB, O 1 2 ) T P A% A e (L R O
(4 137 73 RSl E I 2R, QR 11 s o Ay ol B A i
AL RSN S RE VR 22, P AR sl RE M 2k B3 8 1 il
B 51 B RN S RE , R IE P45 3h B 58 2 2 h TR AR
FEARTE SR . AP 11 AT UL, 7 5 R A 1 6 B 5 A
ZHT, PR E R AR R E W IR AR E  ShRe AR DN,
HEPGE T 05 BRI LA R, A IR TIT R 2k
fa, S REHE b Tt (afBo) , fh T I FBL A v A DA 48D
A6y T 6 A2 [ 5L S R 3o 7 30 A9 6 i ] i 2 2R

00T — i gy 7
— WA ]

995 1 — FHRIKIIBTE ; .
— HAARERE | 5 1"

99.0 /—

i ~3.0x10°

98.0 |- i < 2 ]

% i 1.5x10 lﬂ“

975 | ;
| —1.0x102

97.0

i i) +5.0x10°*
965 |- i
! d
a |
1

96.0 - - 0.0

344 500 345 000 345 500 346 000 346 500 347 000
Hek ) A%

E11 RTELEFBEMESENENNEEFETL

Fig. 11 Stress-time sequence of the bursting rock and the

surrounding rock at mutation moment



108 + K5 x%E L FHKOP E X

% 47 %

TR SR TR X AR ASE s, 78 B
PR ) W A5 D Z 0, A B AR S g A B B T
TR T R A ), SR SN BB AK AR AR B R K
(ad B&) o 1A 8 W (5 50 D I, 20 RB O, Ui
HH L R el 380 7 0 & A B 1 [ SRR JE L 3X — AT
Shy A N Ml A | A T A AR A Y 2 g 2 K ud B
R R ) ey 1] AR T AR AR, R SR A R AR R
M 2R R RN N B B A5 BN 1 B SR A

R R R LA TR A 5 A0 A B O B R B AR R
— B I AR AR, 33X — LA AR S A A
VR FH A R, FE 98 AR R 2 A R R
BT AU 0 S0, 22 0 A B — o AR R LA A
J A TR 0 e AR H B A2 Bl X RS s AR T A R
A T8 KT 25 B R B 2l 7 T, ) T AR R Y
PEHERE Bl N E IR iE 3 IR E S IER T &
ARG o B, AR R AR ) A R R S
SR A RS AR Ak E AR R AR Al A g L
w2 AR 1 S AT [l S O AR Y RS . IAA
8y B A b R A R AR A S ™ A Bl g e A 1Y B
R R R4 R Bl 7 0 A TR R R T 25 G
TE IR G 75 I 1) Al b Vi fb R
2.3 ABERTANEEELIE

S AEF AR R G 00 g R Ak AR /] 12 A
1343 2 T BlA AR RS BRAREFRIE AL A (D E

(b) D &i

(¢c) Ef

B W NS RE % B I, Hoh  E R AB RS B B i
W TR 14 R I 4 R A e R 2 8 A R
TE 3 1 A 00 L 7 W A 5 3 TR R IR R AR 2R
TR R AR fiE (B 12(a) F113(a) ), Bl 5 44 o g
PRI AE GBI 5] 4 A, A RS0 A2 5 AR Y 5
M) T s 305 o A7 K /0 5 1 220 1 2 A R Ak T 2 R i i B
S PR N AR R A K HUE AR A AT AR XS 3 4] B T
AR ¥ WPk 7E N AR JR EB AR 0 5 e R 8 43 X3
AR ETR L, HE 13 PR T . T
WERTC A B 05, M B R AR KR Rk E
(K 14(a)), HE 13(a) i X3 11 76 W R — /e &
R DX, H N A i B 4 A9 B T 4 BRI, 2 R R

UI(Im)
5.4500E+05
5.0000E+03
45000K+05
40000K+05
3.5000E+03
3.0000E+03
2.5000E+03
2.0000E+03
1:5000£+05
10000K+03

> 5.0000E+04
0.0000E+00

(a) AW, (b) D 4 (¢) E&

12 FFER X BB B A E SN TR E R E

Fig. 12 Elastic strain energy density of the surrounding

rock at the typical points

o
<
E

S
=

OFP WL AANNNRN N0
FRIERoeay o
Il

(d) Bri

13 BHIEARXMEHESREEENTREERE
Fig. 13 Elastic strain energy density of the bursting rock at the typical points

(b) D &

(c) Ef

(d) B

E14 HESNEHNERERISSH
Fig. 14 Crack distribution of the bursting rock at the typical points



% 34

ME,F AT ZhBRAWERRESLIANTAL R EBELAL 109

A B JE A BRI R AR, A BB D S I
BT B R P, R A S R, SR 8043 A S R
B, an B 14(b) fr o TR 24 s, 7E D
S B e A P R R T R A B B
B A s RE RO 4 (&1 13(b) ) . 1 AD
BB 1A 1 07 T3 A SR DR AR /N T B G K BRI LR
kSRR T AR S e, A R 13 (), BB Y A
13(b) To#e KAk . AD B 48 AR 5 40 o 24 %) o JRl
i 22 3k DL gk 27 $H 0k 1 BUA R R, A B ik
B 3K — 5 B BE I, X A AR G S Y S HE R T BRI
i 2 0 LA D) W R A E AT . AE D s B A
J7 4k S A R AT A,k AR L gk 22 kAR R
AT, BNIK T PR 46 A5 T B M R o 52 B 1Y 55 g A
FEAEWEAA N 7 J2 i T F B il R 4 fb, T ik dk 2k 1
o 807 L B T B 5 AF B A A A AR (B T 2
TR A S R R 3 Bh B

H T [ A RS B TC VA WA R R AR S 2 ) T D
2R A MR & A TR A [ AR T TS
CENPAESE e Faara ey E A NS N N N VA2 A= e a3
JE 4 1 L5 — g ¢ 2 B i A [l g
B RKIRFN 4,16 m/s, 290 R m i D B Y 26. 6 4%
(FE15Ca) (b)) o 7€ 530 Z0 A [ 3 AR I8 o | [l 1A i
A7 0 SRR RE A5 DA PR B, an 18] 12 () FroR , #iPk fg
5 00 R AR N A R AR B B8 T LT A R
R 12(d) ) o FEA M 5 A8 T 3l 2 B el st 6 5%
4 T8 2 1) G 0 A R A it i 3l g far 0T X H Al
Ty, HEHT 16 A7 1) B k4R v ) A R AR R, X — AT
SR T A AR 2, e 14(c) L (d) i, 72
FARN AT Z )5, A2 M £ | A6 A AR

Scale:0.006
—

(b) E A&

15 HRAE s R BY B 55 1 i B0 5 B
Fig. 15 Velocity of the bottom of surrounding rock at

the typical points

AR o R A SR AR A O A LR AR A 2 3R
G S AL i AL Bk A7 1) L AR RE T I8 1 A5 LY R R
T, WP 13 Ce) ((d) Fras 8 LT A2 A K 4 RE B i
ARG R KA B B LB i i 2 AR B4
PRI, 75 98 748 2R R ik 2, 7 1 22 18] ) i e 748 4
MU 2R G0 S A W ) R RE SR 8 T 59 3l g el e
X — i B A Hh KR TR AR B R, A O R R
I A AR e o 455 SCHRIT3 4R Hh B9 1 S 4529 5 AL
i, AR ek B 00w Sl R S B L R R R O
B 38 O 475 Je ) B HG B g 9 R A% 1w W T R O,
1713 D1 1] 187 3 328 ¥ YA Aok ] BE R A2 1) L D 3 i 1
T, R a5 1S S IR B 4 W S T 8 9 N AR i O
R TE X — AT, i T8 2 57 76 J 18] b i A
PP RIE TR BB B B SO S BE SR R X S8R
B rp ], ARG IR B 0 (R 5 R X — DX R R] I
SR SR R o PR T W I I (] P 2R R
YN, BB AR, 3 1k — G TR BE I A L4k 2k
2 R[] R A2 S T A AR R R 4 A TR 1 A R A e R
AR CRIVBE R A 1) R e 4 ) |, 9 518 LR — 0l 1 48
AT N o P — U 25 29000, [l AR A [l 3 AR e
(] 5L EL AT A 25 B0 R B e i B B BT i R 3l
PR 25 5 A8, IR T2 BN 25 48 1R B4 3 4, B A
P fifi A7 19 B8 B T 38 1 2l 0 O S A R AR R X
— A7 SR T 25 R A B B kA 1l 2 TR
BRETAE o S B MR ) Bk — A0 BRI o SR 1 R
(19 SE00 7 T R, 0T AR B, G ) R S R Y B4 B0
B RN A B9 BE A TR (A B AR 2 B by, 51k
A R B RE B B, ik K sh il R A R EUE

3 it

BE & A R WT TSR W R A B A PR 7 e R 4
G R RS A A IE T T A . SCHR (9 DT R Y
R AR AL 3K 0 X 2 AR 1) B DA LRI S8 1 BIF S T
YERA BB R AR S B w S ok % i
JE 3 56 AL X B g A K 8 D 3 R AT B A T 4
SRR HURE T WS R METERIR , an &l 16 (a) By
7N o 8 I BAT e g e i DL AR G R B R
(4 SR HEAT T IR A 3BT, 382 Y 1] e X e A 7= A i
Y SRR T R Ok A R B R X — WL, O
DL 1 6 a0 20T S I A A TR 1) R D T2
Jr Al AL kg o et A IR AL N A T %
S TCEL T A R B B AR A DU T B A 1
AL R e P S R B B T A P JE i T i -
AR AR )2 R G0, LIRNUa - B A R R 4t
FEPERAA AL 16 (b) B /s o AT T B a0 2
Y AR [ F) 7K I8 A0 32 R AT BBl PR 45, 1R B T O



110

% 47 %

EE—

i
] -
i
% BT
it
" i

(@) RAE A (b) WA A i i e
| e L oo SEBLEAENNS
% S
0 \ a7 = w’:"’ﬁm 5
# ’ R MR RO
B ., N
- b .

(d) R (o) A G ART () ARl A A

El16 S1R-BEEASHEBEENSIHMOIFXBE—BH

Fig 16 The consistency of the experiments in literature [9] and the numerical

simulation of the bursting rock-surrounding rock combination specimen
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