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Experimental study on energy dissipating characteristics of rockburst
fragments under different loading rates
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Abstract: The experiments on coarse-grain cuboid granite are performed for simulating ejection process of strain rockburst
under different loading rates by using self-developed triaxial rockburst test system. Based on a new method for measuring
surface energy per unit area, the quantitative analysis of energy dissipation of rockburst fragments is realized by with analyzing
the stress-strain curve. Then energy dissipating characteristics of rockburst fragments under different loading rates are studied.
The experimental results show that: (1) Under the triaxial compression with one single free face, rockburst ejection occurs when
some conditions are met including that the vertical loading rate exceeds a certain rate, gathering enough elastic strain energy
and dissipating proper energy through rock splitting on the surface of the free face and rock shearing in potential rockburst near
the free face. (2) With the increase of loading rates ranging from 0.5~30 kN/s, the broken degree of rockburst fragments linearly
declines. (3) Among the fragments under different loading rates, the coarse sheet fragments mainly come from surface of
rockburst notch and are created by tension failure, and the medium-granular, fine-grained prismatic fragments and powdery tiny
fragments mainly come from the interior of rockburst notch and are created by shear failure. (4) Under different loading rates,
energy dissipation is mainly caused by shearing, and the percentage of energy dissipation caused by shearing reaches about
97% to 99%.

Key words: rock mechanics; rockburst; loading rate; energy dissipation; true triaxial test

0 5 FIF R0 S BRI, LS R I S AR
BEEH T2 TGRSR, SeaEnmy O, #mndna@aeEsid . o Tit—2

25 RN DU A T e i Yy TR R AL, SEHA R S B T B A B

FEAHEMREE S WAS, ST ARG, EARIMES ISR

KAV R TR R E . S, A

PR — A MRS B A BRI S R, R

it

EEWB: EXEARRIFESTH (41472329)
s HEA: 2015-07-13



1482 H O+ T OB % M

2016 4F

S B R 8 BRI N AR R (DU RIRRE
1) TR R ER FE (Y B0 hR . AR BhREI &
FRAG T2 T A R 5T A I R, ] i A
BT AR L BBSERE S RN
FE R o TR BFE e A IR R B AL I AR ) H B —FF,
SRR RERFE I A B T — PR IR R E
AR, WX 7 T e S aE S 1E T A O .
U1 Shivakumar 25558 i3 5 B R RE B BAT A B, *of
HR R ERAT I AT, ZERETT R0 AUy
Wr 7 B A G o A AL B B BLER s i i 25
2 i 2 OhE@ I 1 = A R, AT T AR E R
KNI E REERE; DR 5 T KR AR
IR, Fa ok RGO T a1 E,  HAA R gk
R s RE U R B LR B e R I R R R
FEE BRI EGAT T 0 T A, 48 H AR A 1 B e 28
Tt PR RIS 0 T 4 51 B v Bl s S0 7 N K

DA T SRR T4 75 5 R s S e R ) FE RE L3
BARERER N, EAMERI: OIS RS
Ab T VAR AR B, AH DR E BALIF LR R R
@55 4% G 11 Bl AT — b iaRBAH L, BRI 25 1 B —
TRLG AT DL B G MBS OL S Bkt T TR 2 I BT 5 A B
TCRZIIIRAS, B RE R R 2 e I —
Pl e . QU R 1A B0 K 2 0 2 T 7T
A, RN 5] R RN R R R e 4
BB [ B S B AR BT BRI, 2 0 fir 5 L5 2R
[F) 2 77 P S SRS A2 5 R i IR A I B R A, i
2 RN AR I 2 T 5 R S a8k 1) 35 = X R BE 4
PRI A2 5 A R R . @ TAESE R, &
B B P2 5 T LAY B 1~3 d U, kst
B 5 BB B — AN ad FE . PRI, A
7 FE AR ZE N AR P R

AR E EUER R = im iR R4, 37
ANIEI IR 22N 1) SR G 25 1 = AhialEs, 7R = N I
HF AR TS RAEMNEERE . Eoira Bk
BRI AL b, 456 HAE A A 71558,
I e BT B S 7 AT R A R R R L RE RE AR
WEFL, IR BRI () e S AT LER A ST 32 (R 22 A A o

1 REEESHREGR
1.1 RWEE

R ARG H E =R BRI N5 A
KERG . WHERGE AL, A ESUHNRARSETARS
MR (E Do B =S BRI ALZ — A 2 NI £
JIHL, B RN J124 5000 kKN, BIANKF T TA
e RN & 1o 3000 kN, AI7E 3 AN3E By Rl

) AR A M) BEAT ARSL AN ED A, SR P P s Sk BB Rl
RN, BATAE = AN ISR B PR 2
LTI 2 = 1 TR R BR D RE P I S 1%
AN Il 22 T PO BB SR B AT SR L o

B 1A RS
Fig. 1 Experimental system

1.2 AWAER

R=IHZ)E, BT IES e, VIR Z
WK R ER I N 6, ), BEERETT 38
SRR MBI RSN oy ), TR AT T PR 3
15 HIEHN 33 R — B ORI ERL TN o, ),
W 20 B2 A i 2 s AR 5T 32 IR
&, WIS AR REF AP IR T, [
M= TR Sy, KV o, , o M2 HEEE R
FEANAS, IBHIG I A N o) AR (B 3).

o1=30{-0%

P A

(o)

2
/
o | ~
- L

f

o1=30{-0%

3

S
S

IR EEENR

S Y W

of

B2 ARBTHNNEK

Fig. 2 Stress conversion of rock element

(el

o3

0 7
& 3 KL mEER
Fig. 3 Loading paths of tests
X BOEFER, T2 )5 B EEE DI K B ) o ATAR
#% Kirsch 7# 0,=3 o/ — o, AT E (o) Ml o) AL



%8

SRR, SE ASE O R R A SR RERHE R T T 1483

R I —FNEE = M), o, X RT3 P A 1l
HR. o). W FE, RE o <o, FKEWHE
(o, NEFEEHER 11, AR S R A K
Ko Yo, <o, B, RIERLYIUE RN 7735 91
& 30/ -0)<0,, MR ] RE4L & A6 H S 7
s M 01=0max BT, RIS 46 H S 7735 9 /2
3o0/-oi=0,, KM ATREA A IR HLN. 7137
BRI, SR ER R AT Inaes 1%, RERERLAL oo AT
Kid#E, XNHEE T RZAFEVIGEH S S 391E T, 1 H
TRUE T B RIS 1 5 B # e BB AR, TS 2
HbEE G T DA =l A R AR R 4G N 35 1
BN T, XN s R —, B
TR S (1 % i) AR AR T 5 A A 1 ST B i 3 1 A
R B AR S 1)

TR W, B2 S B B N AL,
Wn] R W RIS R AR g = m B BTG
137, FERFAIEEIE oy, WG 2 XS E 1 o,
¥ o, N, B Ko, ZAEFEIN. WFRCRM,
ZARES BT AR ) SE VB AR FERT, (B 5 ARSCRH
RES B BRI R AR 2 TE )L, R B R RAE TR %
JEIWIUE RN T35 1) o AR T A FEDU R SR RS, BRTH
FIRENER o, FFA R RECA R AL BAG BT .

FARE VAN T AR B A SR A,
B 100 mmx100 mmx200 mm K5k, AT Hif
iy X 735 R TR T A BT N B e, A I 2 T
BRI T AT MR, WA N AREAN R BE S B i
WHENE 1, e, AKX AHN 3 1.

=1 REHR

Table 1 Experimental schemes
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Table 2 Test results
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Fig. 6 Axial stress-strain curves under different loading rates
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Table 3 Fragment grading under different loading rates
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Table 4 Quality of fragments under different loading rates (2)
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Fig. 9 Particle-size distribution of all fragments under different

loading rates
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Fig. 11 Fragment microstructure of interior of rockburst notch
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Fig. 13 Schematic diagram of rockburst failure
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Table 5 Results of three-point bending tests

=
H
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H

WERS  Em] AL/mm  AS/mm*  r/(mJ-mm>)
S-1 2940 160 12000 0.25
S-2 4146 160 14000 0.30
S-3 3206 160 16000 0.20
S-4 3625 160 18000 0.20
S-5 3396 180 12000 0.28
S-6 5336 180 16000 0.33
S-7 4374 180 18000 0.24
S-8 2285 200 12000 0.19
S-9 4663 200 16000 0.29
S-10 5223 200 18000 0.29
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Table 6 Results of direct shear tests

W95 oy/MPa E/m]  AS/mm’  rg/(mJ-mm?)
J-1 0.5 49300 64436 0.77
J2 1.0 75920 73140 1.04
J-3 1.5 97410 80609 1.21
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Table 7 Dissipation energy of fragments under different loading

rates

INEGEEE/(KN-s ) TKBIERR BTDIRERE) EFERE
0.5 33.31 1296.38 1329.69
5 18.73 1085.99 1104.36
15 6.39 862.81 869.20
20 10.89 866.37 877.26
25 8.87 811.01 819.88
30 18.91 682.61 701.52
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Fig. 14 Curve of loading rates vs. energy dissipation of fragments
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Fig. 15 Change curves of ratio of tension to shear dissipating
energy vs. loading rate
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Table 8 Fractal dimensions of fragments under different loading

rates
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0.5 2.40 0.95
5 2.22 0.94
15 2.06 0.90
20 2.02 0.92
25 1.97 0.90
30 1.88 0.94
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Fig. 16 Relationship between fractal dimension of fragments and

dissipating energy
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