H406 B ok Vol.40 No. 1
2023 4E 3 J BLASTING Mar. 2023

doi:10.3963/j. issn. 1001 —487X.2023.01. 003

E THEBRY AN NFEEREAE s
AEY REE BHE HAR IRE

(L. ERUIHR TR [ YR TR B, FL ] 650093
2. AHE T —TEE R I SRR T A ()T A A R SR, B 650093 ;
3. RWIB TR My TRE2ERE , RW] 650500 )

OB AT G ARG A RSP HAEE KA, 8o & XE -S4 & EAF(SHPB) XK,
S FEGRH G RAT AR BT B T oy £ R GRS, MR T G E N FHER LRI R P GRS
FEAAFAE , 45 B) ANSYS/LS-DYNA kA S XA T RSy A Rt £2 . TR RA N AT BRI A
FEBREANLE R ERADEN, B E RN 43.94 ~147.75 s, L 3h A4 EI% E A 126. 77 MPa 42 & %)
220.62 MPa, #tEAE MM AW, FAAENHLAGIER, R KL LI R , RR b &AM
22% ;dn E AT A KA R, BB SRR B T MARAN S AL T 89 78% K J N4k T 49 38% , ) T Xtk ak it
HHBRE TR TS SAHRIEBELE, AEFEXANPREEETHELARREAGSREETHE
BRI N R E R, PR ERTHR S ARBR, MG R ERTRRREEDL S EmE KRB,
HAEAF Bt AR RIS E A SRR MRS AR @+ 37 R A k5 ey, MALERTH
PV BES B 6 B ) R e AR A BAR Sk Rk S B RAERE

KER: ELEREH; BT G; 3 FHE; BOREEX,; HEEM

mESES: TD235.3 SCERARIRA. A XEHS: 1001 -487X(2023)01 —0021 —09

Dynamic Properties and Failure Modes Analysis
of Magnetite Ore under Dynamic Loading

LIU Hao-shan' ,ZHANG Zhi-yu'* | LI Xiang-long' ,HUANG Yong-hui’ , WANG Jian-guo'

(1. Faculty of Land Resources Engineering, Kunming University of Science and Technology,
Kunming 650093 , China;2. Yunnan Key Laboratory of Sino-German Bluc Mining and Utilization
of Special Underground Space , Kunming 650093, China ;3. Faculty school of Electrical Engineering,
Kunming University of Science and Technology, Kunming 650500, China)

Abstract; In view of the problem that mining and crushing of magnetite ore require huge energy consumption,
the split Hopkinson pressure bar(SHPB) is used to test and analyze the dynamic mechanical properties and energy
dissipation characteristics of magnetite ore during crushing process under different strain rates. Meanwhile , the com-
plete dynamic failure process of the sample is simulated by ANSYS/LS-DYNA software. The results show that the dy-
namic compressive strength of the magnetite ore samples has a significant strain rate correlation,and increases from
126.77 MPa to 220. 62 MPa when the strain rate ranges from 43.94 s ™' to 147.75 s~'. Besides, The analysis of en-
ergy transfer law shows that the increase trend of reflected energy become more obvious with the increase of incident

energy,and the maximum proportion accounts for about 22% of the total incident energy. However, The increase
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trend of transmission energy become weaker,and the proportion of transmission energy decreases from 78% at low in-

cident energy to 38% at high incident energy. At the same time, the dissipated energy used for specimen crushing in-

creases gradually,which has a linear relationship with the incident energy. The failure mode changes from the split-

ting failure at low and medium strain rates to crushing failure at a high strain rate. In terms of the crushing scale,

most of the fragments at low and medium strain rates are large,while the fragments at high strain rates are small and

mostly fine-grained and needle shaped. Numerical simulation results indicate that the initial failure is caused by the "

cross" shaped reflected tensile waves on the incident end of the specimen. The results of this study can provide a ref-

erence for judging the difficulty of dynamic crushing of magnetite ore and improving the efficiency of rock breaking by

impact.

Key words:

RERA AV A B2 1 Tl S5 LT e R 2% &
S AR . R A R A EEA T,
TEIHAE—E RE R MG O N A R U R R AR, AR
il B Y RE AR RN ] e R FE R 5 A L
I Z R OC R 2 — A ] 2 )

SHPB % & 3 C 5l A i biF 5% 5 g A2 28 (10 ~
107 s™1) T 25 A1 B A8 1 2f v I S AR R B
KT ANF) R AZ FET e X AR BbT R i R 20 i 1Y
TRt EIN AN E 3 04T TR RYBIFY - 20
Hl Wang SEX5 46 < 34T 1A A AR R T B 3h 85
ZERIG 0T, K BUAE 1 2 A v AR SRR B 25 I %
AR REPE ELE R i AR T BRSO R A o
THAEE ZRE R, [F) I A FE e . 1 Far 55 X5 A [7)
IR R B A A AT s SRR e, R L
PR SRR KR E KR BIEA ., e
AR IR b, 7R B S X0 rp s A R R Y
T RA I REE RVEAT TRTFE™ 95 H A0 1 B 0
il T EERBOR . EASAM CT HiiHoR kS
AR 15T W 5 i R8s S I35 e
B, —4E =S HES A S T T P E iR e
BAZRWIIE T A6 2 BB A 1Y RE AR RIS Ol 5
R R B =2 1) Y 56 3100 9 Hh A 0 1A A 450 ~
67. 5°If , RE A FH A = JF Hoa 4 S mkas . [Rli,
I PRAE A A B (AL B R SHPB 258 14
IR RUFAME . 2RI ] ANSYS/LS-DYNA #f4:
SRAZRE ] 0.5, BAR A 74 mm R EIRFEEAT T
SHPB B (Bt ue " BF98 1 10 4 6 A [l o o o
JET W I Y Re FIREFE ML, K W15 T ANSYS/
LS-DYNA A4 A [ o o 35 85 7T A I b 1 i) 79 e
TS BLEIEY A AT T BB, SR R s
JEPE B RAE T A I AR B T LR 1
Wit . Wu & A F] H Holmquist-Johnson-Cook
(HIC) AR IR + HEAT T B IRk
TG A it 2 SRR B R 2T AR

IROCT A A B AS Ty AR D R AR A

hopkinson pressure bar; magnetite ore; dynamic characteristics; failure modes; numerical simulation

FAVE R ZHCHR 2 55 T TR M T AR T R iy, X
GIRITING IR T AR . I B
AR G AR B AL T S LR 11 247 5)
A il S G AT E AN [R] AR AR R #E R A7 A4 Bl
B SAERE il SR i R A RE R AL T L R
TR R S WA 8 AT A R O o

1 #SET AMREESERE

1.1 REEESEKEFEE

AYGRE R [ P f1 J1 25 St A
syt T A, 4 2 20 % 4 % AT (SHPB) .
SHPB {865 B R LR T, K 0.4 m, m] P2 AR5
RLTE R AR SR B9 2 1E 5% )% JE | 9 Pochhammer-Chree
PG A BIFFER N 40Cr R A 4
B, EAE 50 mm, K2 m, B 7784 kg/m®, Biph Ak
7 250 GPa, #PEFFHNIE I 3K 5667 m/s, 2B L5
K1 B,

|: /¥>8i &, | [I
L !\s‘<\/ /! \
U ABIFE RARR WEE NIRRT BT
B e U G AR AT e e
Fig. 1 Split Hopkinson pressure bar test device
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Table 1 Static mechanical parameters of magnetite ore
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and verification of stress uniformity
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Table 2 Test parameters of rock samples under impact loads
. iR, rhilrE R PRI HAPE SAEBERT K
7 MPa (m-s™) (s 5 i/ MPa KI T
1’ 8.32 43.94 126.77 1.08
2f 0.3 8.24 42.56 123.63 1.05 1.06
3" 8.29 42.88 125.49 1.07
47 11.19 56.42 155.49 1.32
5* 0.4 11.05 53.73 152.76 1.30 1.32
6" 11.28 57.94 156.35 1.33
7* 14.48 82.59 175.69 1.49
8" 0.5 14.26 79.98 172.10 1.46 1.48
9* 14.32 81.86 174.31 1.48
10* 16.18 116.94 203.49 1.73
11" 0.6 16.47 117.21 204. 63 1.74 1.74
12* 16.80 120.23 206.42 1.75
13* 19.36 146.53 218.58 1.86
14* 0.7 19.24 146.22 217.39 1.85 1.86
15* 19.53 147.75 220.62 1.87
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Fig. 4 Stress-strain curves of magnetite

ore under different impact speeds
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Table 3 Energy calculation results of typical samples under different strain rates
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G MPa  w/(m-s”') W/I W/ W,/ W/l (J-em) P
1 0.3 8.32 48.31 4.68 37.93 5.68 0.057 0.117
2 0.4 11.19 85.16 10.08 56.52 18.56 0.189 0.217
3 0.5 14.48 154. 46 21.77 79.77 52.92 0.539 0.344
4* 0.6 16.18 210.50 43.05 95.21 72.24 0.736 0.343
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Fig. 9 Failure morphology of magnetite ore under different loading strain rates
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Table 4 HJC model parameters for magnetite ore

¥ p(kg-m”?) G/GPa  F./MPa A B C N S.e  T/MPa P/MPa  p,
Hf 2586 6.53 118 0.9 1.1 0.007 0.6l 7 4.0  20.2  0.0017
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Bt 1.2 0.1 82 -171 208 0.04 1.0 1 2.0 0.004
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Fig. 14 Damage cloud diagram of magnetite ore under velocity of 16. 18 m/s

-1.911e+07
-2.431e+07
-2.951e+07

-5.863e+07

-7.009e+07
-8.156e+07
-9.302e+07

(=849 ps

(2) BEE ASFFRE /BRI, B E A FE A

H T B UL SRR EAT IR T AR il U
N RSRERRA A 1 B 2 T A B R AR 3 K
BA R

(1) RESR e AR HE (147,75 s71) T RA
WY 8, 9 VRS, T AE P AR B AE 3R (4394 571
58.42 571 .82.59 s7) FEM RIMMATE ., KA
SREEN T K G RE RAFLPELG C R K fEH
KIEHITE 1.06 2 1. 86 Z [a], Ul W BEERA £1 2 R
SR

10% 341 % 22% ;i 59 RE 5 HU M 78% [ 22 38% , H IRz
AR SRR T 2 LB S R il
FEREELANE IS FE <R 0.7 MPa, AJBFREN
273 J B iR RERE 5 HEAR R 40%

(3) i T B AR A R R LA B 2L
W R AR LU 3 o RGN lig i
W2 R A T 1R 2, B DA S A B N T/ ), pl
KICRAS AR FNARLAR

(4) FIFH ANSYS/LS-DYNA S A4 1 w4
A1ES.32 m/s(43.94 s ') F116.18 m/s(147.75 s7")



H40E 1Y X7

A2 KT

IR, SF ST RERR A 1 3l ) A B R AR A A 29

BT R BIERS ARG R 1 WE RO 1 LA R] e

T BT BRI R, PR AR

RN B RERREA

SEFTSRTAE I — A 77 B, A AL I iR
KRR . AR AN AT AT LR SRR DL 1 50 4 4

wHES%,
£ % 3K ( References)
(11 X &2 &.Z %% SRETSW =A%

R RO AL SE [ J/OL]. A + TR . 1-11.
[2022-03-26]. https: // kns. cnki. net/kems/ detail/ detail.
aspx? FileName = YTGC202206022&DbName = DKFX-
TEMP.

LIU Lei, LI Rui,QIN Hao,et al. Study on dynamic mechan-
ical properties and microscopic damage characteristics of
deep skarn after high temperature treatment. [ J/OL]. Chi-
nese Journal of Geotechnical Engineering;1-11. [2022-03-
26 ]. https: // kns. cnki. net/kcms/detail/detail. aspx?
FileName = YTGC202206022&DbName = DKFXTEMP. (in
Chinese )

BOT3C,E ik 3, A8 DA 1 s 1 # S e
BERELI]. AT '?T?”Ma‘[ﬁ 2021,40(3) :448-475.
XIA Kai-wen, WANG Shuai, XU Ying, et al. Advances in
experimental studies for deep rock dynamics[ J]. Chinese
Journal of Rock Mechanics and Engineering,2021,40(3) .
448-475. (in Chinese)

YANG Y,ZHANG N, WANG J. Fracture morphology analy-
sis of frozen red sandstone under impact[ J ]. Shock and Vi-
bration, vol. 2021, Article ID 4388132 ,12 pages,2021.
ZHANG Z,QIAN Q,WANG H,et al. Study on the dynamic
mechanical properties of metamorphic limestone under im-
pact loading [ J ]. Lithosphere, 2021, 2021 ( Special 4 ) ;
8403502.

%W, BETIR, ETE R SRR IR AE
R S S A ERERT ST L) ] iR 3 5 b i, 2016,
35(8) :177-182.

JIANG Feng,Ll Zi-mu, WANG Ning-chang,et al. Research
on dynamic characteristics of Shanxi black granite under
high strain rates[ J ]. Journal of Vibration and Shock 2016,
35(8) :177-182. (in Chinese)

WANG Y, TONON F. Dynamic validation of a discrete ele-
ment code in modeling rock fragmentation[ J ]. International
Journal of Rock Mechanics and Mining Sciences, 2011,
48(4) :535-545.

B IR, AL S R R R S £ KA )
BRI [T ] )1 4,2021,42(4)
932-942 ,953.

PING Qi,SU Hai-peng, MA Dong-dong, et al. Experimental
study on physical and dynamic mecha nical properties of

limestone after different high temperature treatments|[ J ].

Rock and Soil Mechanics,2021,42(4) :932-942,953. (in
Chinese )
PR, TR s MR AR AL B Bl R = At
Hﬁﬁﬂ:ﬁt[ 1. A&+ T4 ,2016,38(6) :1087-1094.
LU Zhi-tang, WANG Zhi-liang. Triaxial tests on dynamic
properties of granite under intermediate andhigh strain rates
[J]. Chinese Journal of Geotechnical Engineering, 2016,
38(6) :1087-1094. (in Chinese)
A, BHEER, SRV, 2. SR LA R s IR
BL B B FE IR BRI SE [ ) ] 5 17,2021 ,42(10) -
2647-2658.
WANG Wei, LIANG Xuan-yu,ZHANG Ming-tao, et al. Ex-
perimental study on failure mechanism and crack density of
sandstone under combined dynamic and static loading[ J .
Rock and Soil Mechanics,2021,42 (10) ;2647-2658. ( in
Chinese )
AT, AR, AR A5, il BT VR R 2R A
T REAE Je B BE R AR [T ] IR 5% 27 41, 2020, 45 (3) -

1053-1060.

WU Ren-jie, LI Hai-bo, LI Xiao-feng,et al. Broken energy
dissipation and fragmentation characteristics of layered
rock under impact loading[ J ]. Journal of china coal socie-
ty,2020,45(3) :1053-1060. (in Chinese)

2= W] PRI, i AT R R S IO S RE R AR
FRN R BAARBHITFE[ )] 1%, 2014,31(2) :78-83.
Ll Ming,MAO Xian-biao. Numerical simulation studies on
strain rate effect of sandstone’s energy dissipation and de-
struction under impulse loading [ J ]. Blasting, 2014,
31(2) :78-83. (in Chinese)

SR, E A, IR A b AR E TR KD
Wt P B A O BB A AR 5 [ 1] H#1,2020,37 (1) .
46-54.

ZHANG Ming-tao, WANG Wei,ZHANG Si-yi, et al. Nu-
merical simulation of failure process and damage of gray
sandstone under Impact loading [ J ]. Blasting, 2014,
31(2) :78-83. (in Chinese)

WU Xu-tao,SUN Shan-fei, LI He-ping. Numerical simula-
tion of SHPB tests for concrete by using HJC model[ J ].
Explosion and Shock Waves,2009,29(2) ;137-142.
RETT AT I, XU EZ B 5 KA LR 5 14 v 2 M
FERRR R GER L A= SE T ] BT 27241k, 2019,
36(2) :356-363,506-507.

SONG Chun-fang, XU Long-long, LIU Yan-qi. The force
transmissibility of a quasi-zero stiffness isolationsystem
with horizontal nonlinear springs [ J]. Chinese Journal of
Applied Mechanics,2019,36 (2 ) :356-363, 506-507. ( in
Chinese)

(T#% 8 W)



84 wk 2023 43 H

[2] YE Hai-wang,ZHOU Jian-min, YU Hong-bing, et al. Influ- [7] BHEAE, B2, Be/NSE, . o R 45 A 1 ot B 4 v o
ence of rock structure planes on propagation of blasting seis- TR AR [J]. g R (B RFFERR)
mic wave[ J . Blasting,2016,33(1) ;12-18. (in Chinese) 2017,48(6) :1560-1567.

(3] /i, BE B, ™ W8, 4. BRRRAE R T B A AR N [7] HU Jian-hua, GAO Hong-wei, XUE Xiao-meng, et al. In-
R AR ML AT 5T ()] B, 2018,35(3) : 1- fluence of structural planes on response of explosion shock
6,67. engineering[ J ]. Journal of Central South University ( Science

[3] MA Xiao-man, CHEN Ming, YAN Peng, et al. Study on and Technology ) ,2017,48(6) :1560-1567. (in Chinese )
strain energy processes and influence on jointed rock mass [8] 5k b, =Mm, ks, 4. NEMW AR SR
under blasting excavation[ J ]. Blasting,2018,35(3) :1- MBI AT ]. BlrdioR 5 T12,2018,18(23) .
6,67. (in Chinese) 205-211.

(4] [aesl, % =, BF T ShAAEE LT HARE) [8] ZHANG Bin,WU Chao-jun,ZHANG Xue-fu, et al. Propa-
BOBCEAAL T ] . B0k ,2020,37(1) :55-60. gation law of blasting stress waves in stratified rock mass

[4] XIANG Xiao-rui, WU Liang, CHEN Yang. Numerical sim- with different inclinations [ J ]. Science Technology and
ulation of jointed rock mass loosing induced by dynamic Engineering,2018 ,18(23) :205-211. (in Chinese)
unloading[ J ]. Blasting, 2020, 37 (1) :55-60. (in Chi- (9] B&IHAR, LT, Xk ae, 28, & B 550 2 45 44 T A AR
nese ) TR RS AR (T ] TR ,2021,27(2) :29-34.

[5] # P, xEE 250, 4 b E ) PR [9] LU Shi-wei,ZHOU Chuan-bo, LIU Hong-yu, et al. Law of
TELA R R R o8 [T ], 4% ,2021,38(4) . blasting vibration in rock mass with an out-dipped struc-
17-25. tural plane [ J ]. Engineering blasting, 2021,27 (2) : 29-

[5] DONG Ping, LIU Ting-ting, LI Xin-ping, et al. Study on 34. (in Chinese)
wave propagation and meso-failure of rock with non-persis- [10] 3k K, 9KEKE, FFMH. REIUEAE 558 ik
tent joints[ J ]. Blasting,2021,38(4) :17-25. (in Chinese) b S A N I BUER A ST [T ], H E Y, 2021,

(6] DRGMS, BX/INAE, B2 SC3C, A5 540 Tl e A 1 i SR AL 30(7):211-215,220.

RS [J]. #4:,2017,38(9) :48-51. [10] ZHANG Fei,ZHANG Dong-bin, WANG Yu-wei. Numer-

[6] MIN Zhong-peng, ZHAO Xiao-ya, CHENG Wen-wen, et ical simulation of dynamic impact response of rock-mass

al. Discussion on the blasting damage mechanism of struc- with different geometric features of structural plane[ J].
tural surface rock mass[J]. Gold,2017,38 (9) :48-51. China Mining Magazine ,2021,30(7) :211-215,220. (in
(in Chinese) Chinese)

ES &% FE-R A

(L% 29 )

[15] B& H,F I%,5% o,%. 50-HNaRE+ES projectile impact using a modified version of HJC materi-
FEahSEm Rt (V] A a e 5 LR al model [ J]. International Journal of Impact Engineer-
42,2020,39(6) ;1222-1230. ing,2016,95:61-71.

[15] CHEN Meng, WANG Hao, QI Mai, et al. Experimental [18] %% #,ZIER, BRI, 55 JREE - SHPB {5 HUH
study on dynamic compressive properties of co mposite B FT T . AR 222437 ,2010,31(S1) :216-222.
layers of rock and steel fiber reinforced concrete [ J]. [18] LI Zheng-liang, TAO Jun-lin, YAO Hua-chuan, et al. Re-
Chinese Journal of Rock Mechanics and Engi neering, search on numerical simulation of shpb concrete tests
2020,39(6) :1222-1230. (in Chinese) [J]. Acta Mechanica Solida Sinica,2010,31(S1) :216-

[16] LU, AU, R4, 5. ohli fif AR R A 222. (in Chinese)

WROTEARAEL) ). PR3l 5 whi7,2020,39(13) : 176-183, [19] skabae R #,F M, 5% TREIREE L HIC Sh5A
214. PR B O R B e [T ]. PR 3h 5 v, 2019,

[16] ]l Jie-jie, Ll Hong-tao, WU Fa-ming, et al. Fractal char- 38(12) :25-31.
acteristics of rock fragmentation under impact load[ J]. [19] ZHANG She-rong,SONG Ran, WANG Chao, et al. Modi-
Journal of Vibration and Shock,2020,39(13) :176-183, fication of adynamic constitutive model-HJC model for
214. (in Chinese) roller-compacted con-crete and numerical verification

[17] KONG X,FANG Q,WU H,et al. Numerical predictions [J]. Journal of Vibration and Shock,2019,38(12) :25-

of cratering and scabbing in concrete slabs subjected to

31. (in Chinese)
ES & 3Ny



	2023封面1
	页 1
	页 2

	微调-爆破210-297-224P
	爆破2301目录
	爆破2301

	流程图
	页 1
	页 2



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     范围： 所有页
     适应页面： 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift： 无
     高级选项：旧版
      

        
     32
            
       D:20230317141024
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     No
     801
     334
    
     None
     Right
     8.5039
     0.0000
            
                
         Both
         2
         AllDoc
         5
              

       CurrentAVDoc
          

     Uniform
     113.3858
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     9
     224
     223
     224
      

   1
  

 HistoryList_V1
 qi2base





