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Fig. 1 Split Hopkinson Pressure Bar (SHPB) test setup
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Tablel BaSic physical and mechanical properties of copper-bearing albite rock

Densit / / ‘ Elastic  Poisson's
ons Z Longitudi velocity/(m/s) modulus ratio Compressive strength/(MPa)
pg/em?) E & E/(GPa) v
2.857 Z&§\3384 76.25 0.46 37.61
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Fig. 3 Achievement of dynamic stress equilibrium in the Speciinen
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Table 2 Impact test results on copper-bearing albite rock

Impact Impact Average strain rate

Number pressure/(MPa) veloeity/(m/s) /(s) Peak stress/(MPa)
HT-1 0.25 5.34. 41.55 97.76
HT-2 0.30 6.76 56.23 117.59
HT-3 0.35 8.32 61.14 133.15
HT-4 0.40 10.27 71.16 136.93
HT-5 0.45 12.81 81.39 161.88
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Fig. 4 Dynamic compressive stress-strain curve
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Fig. 5 Crack evolution process of copper-bearing albite under different impactpressures
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Fig. 6 Fracture morpholegy of copper-bearing albite under different impact gas pressures
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Table 3 Energy analysis of copper-bearing albite during impact under different gaspressures

Number Average strain rate/(s™!) Impactgas pressure/(MPa) Wy/J) WD\ “W/(J)  Wp/(J)

HT-1 41.55 0.25 64.52 20:92 24.95 18.64
HT-2 56.23 0.30 94.97 2403 40.05 30.89
HT-3 61.14 0.35 136195 3602 51.10 49.83
HT-4 71.16 0.40 156827\, 45.00 56.96 54.85
HT-5 81.39 0.45 196.28 59.74 58.75 61.47

Kl 7 @R T AN A SUR R B S R I B N A e R e . 455 3R 3 BdlE T A,
WFEANSTRE . TRE . 37 5T BE AR R AL I AR R I BURHE: WIURRTEL, AR
SO REE . B RE R KAEHRE B AN F IR B IS, RIS B A 5 i20E Y e
BB, DU RE SR I T PR G, 0 SRR AR LSO 2% I T S T 58 =R B
HreR &R REBIIELE, WEEEARRREE., WA R R E TS St =UEs
A 0.25. 0.30. 0.35. 0.40, 0.45 MPa I, IOZRFEEI ] 7351
288+ 248, 234, 233, 230 ps, AeEIAEMEEIIRLGE A7)0 188, 127, 121, 125, 117
uso IXFRH, BEAE M AUEMIGIN, SN BANE ek, fe A 2P .

80 120
W, W,

Wy Wy
Wy 100 Wy
60 - Wp Wy

80

60 |-

Energy/J
&
Energy/J

> e S EE N 40

=]
=]
T
-
|

20

0k
I 1 1 1 1 1 1 1 1 1 1

0 S0 100 150 200 250 300 350 0 50 100 150 200 250 300
Tins Tius
(a) 0.25 MPa (b) 0.30 MPa




[/ S 7/ B R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

150

180
W, W
Wy Wy
120 F W 1kl Wy
W
W[)
120
90
= =
E E
= 2 90
= =
60 s3]
60
30 -
30
0 1 1 1 1 1 (J 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250
Tlus Tlus
(c) 0.35 MPa (d) 0.40 MPa
180
m
WR
150 |
bl WT
WD
120 b
.
B
5 90r
f=}
m
60 | e e
V-0
30 |
O 1 1 L 1 1
0 50 100 154 200 250 300
Tlus
() 0.45 MPa
&/ geE IR L
Fig. 7Energy vs. time curves
sl N P el
3 FDEM #({EitE

3.1 FDEM & &5
I JLAE HH Munjiza 55 A\ BB 2G5 FR- B0 /75 (FDEM) 18547 R34 & [E 44

B RSG5 (R 80T08 . 401 LI S(a)FT %, 407 KRR 4 B e
TERHG, LA I T T ER T . S I 86 0 M A B S S o 2
I . 5307 AR L, FDEM 825 13 47 8 3 o LSO B 2 s A A, O L
75 SR PTHAA N SR . SRR A B — R A = AR, BRI 15 30
ST DU KB i AT IS N R . AR i, M AT
(R ISR I, T S 5 7 A (o 6] B Rk By A B o 40
BT TR AL

ou Ou
m, —+uU—=
n ot 2 M ot f;otal

300

Horbe mg N RRES fom WETW R, SFTHEM Lo =ABRITTELT fon B

RIJRICHIALTE I3 f N HABS S B U E ) £ ORI IR B, B e R4



[/ S 7/ B R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

Triangular

elements
Continuum >

Joint
clements

I
]
| .

(a) Continuum characterization of FDEM
R S 2 A
S Mode T, Mode III |

: = bl

' c @ il

H S8 £ </

E bﬁ Model 3 "_rc:’ % g 5 ode 111 e i
' o = !
POE —~» =5 & ~
! 5 o Sz o Broken i
b Z 2 2 i
PO 22 2§ IS N :
. =3 &’ \ |
P~ Gf; £ 3, @ \/ Mode | i
E Broken :na e Broken 42 '
| 0, , « S, S, 3 0, O, o0
' Normal opening amount of joint element O Tangential slip of joint element Normal open O i

Mode I Mode I1 Mode III

(b) Fracture constitutive modelof joint element
K| SFDEM JE A5
Fig. 8Schematic diagram of the combined finjte-discrete element method (FDEM)

Yan SEUEOT 1 — R 5 RS B & PR ARG ER /) 570 ) —Fl H & N FDEM 7772
IR B LR R O B A, W AT B LT BE . 51548 FDEM AL,
B IE R A R B T 7 3 0] DUR 5 T SRS AR T SO A . AR SCR A Yan SEHUB20T 5
[¥] MultiFracs 81, X5 AN A AR o drlle 3E4T —4E FDEM SU(EARAL, 2558 —4E 8l
THERRIRYE, FEBUEBANE T, RS R RE RS, AN IR . BT
IREBEA KRR T 73 g =R, RIVBRIT, RO AN, 4B 8(b) 7 ) i€ X 1 i fifr
BIYIANR G BAR-BY U) B, 9 S s - AR e O A S HRE . I FHE A SKIT
Op FoRAURLAN, T S, Fon 2B e BRI A 7 D KE FRALTTEL BT RIIR, B
EAE OB 1 2[F), = D=0 My REHITEAH; = D=1 I, TR WELRICIRIP g% .
it 25 D IS B

0 ,0<0, ,5<5,
0xo0,
,020 ,S8<S
_ P P
0,0,
_J s—s
% : ,L0<0. ,8>§ @)
_ p p
s, =,
2 2
0-o0, s—s,
+ ,OZOP,SZSP
0, —0, S, =S,

A O NERKITE, m; O, NIEFHERKITR, m; O NERKEFKITE, m; §
ANUIFERE, m: S, AIEAHVEEE, m: S ARKEVIEEE, m: D HGLHET.
3.2 BYRERIREET

FDEM WIS HAT L A=A 55— M R =M TTHIMUSE, SRR
B E. Hkat o= M R RTINS HL, BIETURE £, KiRTT oo WS oIk
HEERBBCER Gf 1+ Gfn. B2 WORTI 24 W= MY RICHE R 1125 p, A
DI Z 5 p, FEAAITTHER T ZAL pf, MUNA T 28 pf. Hodr, S0 S5 —
AR T W R RS RRE R AT LN E N Sl P SRS 2 2L R 1 o



[/ S 7/ B R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

0T 58 =8B O T 24, KHE Yan S5 1)K & &N FDEM HUE 25 R e -
= AR T BTG A ) 51 2 08 e R (SR E, T TR AN D) ) 5 2
HdE AR PR E 100 50T, BUEBLLE RS R B G, SR RE. K
b, HEMEWABEERBE Gf1+ Gfr. MWR4#E B.S.A.  Tatone*SIHF 7R, Wi ae s
SE IARE B R 4 . VG B B RIS AT 5 B b e
Xof T S By e X A T2 G B 2 IG BB ABEAD,, 8 FH OB it 5 S5 Z A S AH DL TG

B IR A8 R FE S 0 58 B2 A S0mm, & E Y 100 mm;  ELPEEE ZEIIRRE S B AN 50 mm. £
EARWHREE 5 R E AR, KIS Gf1=1000 J/m?, Gfp=2000 J/m?i, HEMLER S 2
I, SR G FE AR, HORE LR N - AR i 2 A0 2 WURB R i R 1 1] 9 s o T B Al R 46
IR, B 9(a) FDEM 3RHUIK) S5l R 47 B - A8 it 28 56 25 R UC L FE i, BEADh i B
BB SR N 41.30 MPa 5658 38.29 MPa %X 7.86%: X T BB =, K 9(b)
H FDEM BAU iR By 4.46 MPa, S5iA50{H 4.21 MPa 71 5.94%; [FI P ZHX] EE
WG BRY& R, BRI N AIR, 304 T S8R, iR FDEMY Sk Al 5

0 — l%agg;&rory r]csul 41.30 Mpa o Laboratory result Y
Fo-=-- result ---=-FDE S a
1820 MPa ' FDEM result L
/ ' 4L 21" Pa, - Y
% II ’l’ "
30 F |I ", ‘l
] N =3l 2 . '
= a L '
= = R, \ = | R '
u ’ ' @ - Pas '
o . ' @ £ . '
= g ! g / '
7] L ' Z2k N : \
’ ' ’, '
] ¢ 1
’, ] ’ 1
’,
10 - . \ '
’f I - ]
i ,"
’I 2
”’
z I 1 I I 0 J ! L L 1 I
0.0 0.5 1.0 1.5 2.0 0,000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
Strain Strain
(a)Uniaxial compression test

(b)Brazil split comparison

B 9 S0 BN S AR AR L el R 4 A 2 P B 2R S5 R EE
Fig.9Comparison between laboratory tests and nfumerical simulation for: (a) uniaxial compression, and (b)
Braziliar splitting results

A, #H FDEM 313 4 iR,

% 4 FDEM M S
Table 4 Calibrated micro-mechanical parameters for the FDEM model
Triangle cell Joint element
Density, o/(kg/m?) 2857 Cohesion,c/(MPa) 6.29
Elastic modulus, E/(GPa) 76.25 Friction angley (/)/(c ) 53.03
Poisson's ratio; v 0.46 Tensile strength, fi/(MPa) 421
Normal penalty parameters of triangular
elementyp,/(GPa) 76.25 Mode I fracture energy, Gf'1 /(J/m?) 1000
Tangential penalty parametérs of triangular
clemént p, (GPa) 76.25 Mode I fracture energy, Gf1/(J/m?) 2000
Normal Penalty parameter of the joint element, 7625
ph/(GPa)
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Fig. 11Crack propagation in the model under different impact gas pressuresi(blue s tensile cracks, red
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Impact-Induced Fracture Process and Energy Dissipation
Characteristics of Copper-Bearing Albite Rock Based on FDEM

ZHANG Xiyuan!, LI Xianglong!-2, ZUO Ting!, LIU Jinbao3, WANG Jianguo!?,
HU Tao!, WANG Hao!

(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology,
Kunming 650093, Yunan, China;

2. Advanced Blasting Technology Engineering Research Center of Yunnan Proviticé Education
Department, Kunming 650093, Yunan, China;

3. Yunnan Phosphate Chemical Group Co., Ltd. , Kunming 650600, \Yunan, China)

Abstract: In order to ensure the efficient recovery of copper resources, the copper-bearing albite
rock samples were taken as the research object, and the impact loads‘with different strengths were
applied by the split Hopkinson pressure bar (SHPB). Thelcrackspropagation process was recorded
by a high-speed camera system, and the energy dissipation law of the samples under different
impact pressures was analyzed by combining the en¢*dimensional stress wave propagation theory
and the law of conservation of energy. At the samefile;‘ahumerical model of the impact process
of copper-bearing albite is established based on thefinite-discrete element coupling algorithm.
The results show that the incident energy<and the ptak stress increase with the increase of the
impact pressure, and the degree of sample/breakage also increases. When the incident energy is
less than 140 J, the energy dissipation rat¢ increases with the increase of the incident energy.
When the incident energy is greater than 140 J, the energy dissipation rate decreases with the
increase of the incident energy, and the energy dissipation rate reaches the maximum when the
impact pressure is 0.35 MPa. In“the proeess of impact, tensile failure plays a dominant role and
forms the main dominant area inthe*horizontal direction. The new crack area and the total impact
energy increase with the increase/ofimpact load. When the impact pressure is 0.30 MPa, the strain
energy ratio is the smallestr Under this pressure, the proportion of shear cracks is the smallest,
indicating that the rock breaking efficiency of 0.30 MPa impact pressure is the highest;The
numerical model based-on“EDEM can effectively predict the damage and fracture process of
copper-bearing albite under different impact loads.
Keywords: split jHepkinson pressure bar (SHPB); crack evolution; energy analysis; finite-
discrete elementmethiod (FDEM)



