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Optimization Method for Powder Ore Rate in Limestone
Blasting based on Air-decking Technology
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Abstract; Taking the Dengjiashan aggregate mine in Jiangxi Province as the research object, an optimization
mechanism and engineering application of air deck charge blasting technology on the powder ore rate was systemati-
cally explored in this paper. Firstly, the engineering geological conditions of the mine were analyzed, including the
rock mass characteristics and the distribution and development of joints and fissures. This assessment provided a
foundation for subsequent blasting test research. Secondly, this research introduced a theoretical framework of air-dec-

king charging and proposed a blasting method utilizing air decks. The mechanism of air-decking charging emphasizes
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its role in attenuating explosion stress waves , prolonging explosive gas expansion duration,and optimizing energy dis-

tribution. Furthermore, this study systematically investigated the influence of different air-decking configurations( top,

middle, and bottom placement) on the powder factor. Then, experimental studies and data analysis can validate the

method's reliability , culminating in its successful application in field-scale engineering. Thirdly, blasting parameter

optimization was carried out using the air deck blasting method based on experimental data, focusing on explosive

consumption and inter-hole delay time as key variables. A parameter optimization regression model was subsequently

developed(R* = 0. 8697) to enhance blasting efficiency, demonstrating strong predictive reliability through experi-

mental validation.
Key words:;

optimization of blasting fragmentation

1 MIRBE=5EX

FORHT LRI 7 3 (] R I R A TR S
—IERE, Q0] AR R LR BB 5, Al R
A I BT R ROR 0 B i L 2 5 A i HE B 4
@7 R HA TR ERE LR
o, T RRAT SRR 2% IR T Z SRR DL
PE, — AT AR R i = BAAR , B RPRE 20 A A
P ST RUB A 25 A et £ R B RHET L A Ao i R ) = 2
MERT o ] B A L R A R RE ) A, R AR AR AT
KA AT R LR P D I A 3 A, T
1, NS T REOR N BT T R AT 5T
TAEFHBUS T —%E B CR o

Singh %5 A LAEDBERLMREG S AR 5L 0007 T
BRI 2 BRI 3 24 1) 20 8 OB 7 3 1) 52 1 AL
T SRR < R A 7 3R B K BT 4 19 8 R i
R, Bt b 2E SRR HUAE A AR T e A1, o F A
e 24 B0 FE BE 8 [ I 0 B e 2 RS JLAR S,
Singh % A i GRS 5 > PR BB L6
RIGEAT T AR BT o007, 45 FLIE K25
FESGHRBTL A FEARBOR , SPS3 BREEBOR , TR TR
SHRTLR Y FUAB A, S P N . BRASSE LAY
SRR A R I8 R (@ SIS B B
Wi R R JBE 14 TR 38 205 5 S P DU R e 2 Rtk A 7
TAG B R W] 3207 LA 56 S B2 HE ] S S B ]
AIALERSEN , DL AC i 9 HR AR B R 5 R AR BT
T S TN B T o R LA s B S8 73 [ AU g 173K
WS 3 I (PR LR Ak B o R AT
AbBEIE AU 5 A5 B B o A TN AR B, Bahraini Al
Atighi $2 17— TR R BE AL 89 B 3 7
VAU 1 R B S I R, I 45 A bR L
PG EAE S FAE REHEAT B AIE , $ THEg R B 3 BT /Y
WERPERI SR, A AL i 2 K. Liu 55 i i
I S BAARAURY I L1878 TSR T SR &
PR A A R ML s P 3 s 1 KA 1

mine engineering; blasting powder ore rate; air deck charge; optimization of blasting parameters ;

SR HN )RR LN T, B TN 7
JRIBLEE K T SH WD IR A P BB R, E
TRAETHE T AR A 22 45 M AV FHALER'T | 3 5 f
OS2 24 5 AN G 2 2 1 DO, 75 A 5 26 24
SE R REAE RIS 24 1t 1 [R5 il %, il
HESF NFET ANSYS/LS-DYNA ${E R 1 K
R RSH 5 30 5 e A A5 T S L
PRUESE X 5] i B RSB & .

20 40 50 454X, Melnikov F11 Marchenko #2H T
BRIl 2 NS o NCINY R T E X ) K =y s]
BB A R T R R G 1 S
2 HRRRBE R 3 B 3% L BEF 3T A BB AR R A K )
F 2 ) B 2 24 B AR 1 72 24 Y 541X ]
B 25 SRR, B AR AL BR300 , Wl VAR L 3
DX A R A B, DT AR AR I B 40 3 ) R,
PR TN i vN 2 RN E ¥ NP e
TR,

F M i NS T R IR
B RAURTSE , BAUL T A DA IR e i 4 e, 45
PR s A B R 24 R T 58 o RIS A Ak
TR WIS T T S B B 2 R A T
FLRE it s g e T R J32 72 Al 1) A1 LA R K, A
FE T MR B UR AL R A B B Y 2 R PR B
It o BUE B B RS AT T 3IE . A
B8 NG L S ) 7 S TR A KL TR B
OB RS D B Xt LA K 2 0 S 4 AR A AR
FH] 2K AL ) B i B A i S A7 0 R OR P32 1y 5
Jel K13 A 1] 8 26 24 B A1 D0 AH 24, 52 B T R AS 1S &%
FRARTESE N3BT8 IR TR rhas ] B e 25 4%
AR NI R i T A
IR 25 24 H AR N AR e ROR 1 5 i B . Zhou 25 A
G5 T AR AR SR Hh A A8 0 A e L
SRR AR A A R B2, HARR T
AR AT IR R AN 5] o ks A ATT R T KA
FLIAT B 2 iR 00 | et 5 e o 2 R A R



a2t H3H o B aRER A R, S T s U R BOR B A SRR AL T IR 97

PEATRT L, A B T 7ML 1 e 2 m] LA S B 5 0%
S LG IR A R CR

ERREIE R, 25 R 8] bk 2R R AR A A
R TR, EARAS T R A TR, AR
P AT KRR BB BB 50, D/ N AL T XA 4 8
PR ROk 7 R B B 3 AR . A SCLAT DY
AABFK IR I BT FER AR, il 1 >R FH 25 =] B
BN, DHE T R0 25 2 MR iR 7 R
AR MU, ST T A B AR S R e 5k
BZE RS L, B 7 AR LA TSR, 7R Al |
AL R FHRE AN J5 i, E— 2500 B 1 258 Rl B e
LR E AL . A SO RS & 1% LY
TERA R, X HE S HR B T AR BOR k2D 3R 4L TR
A o

=RERERGBHERA

ANEENA T ERMRELEA, Lt T
FAR GBS IR, $2 1 T 25 AR BR a J A TR
FIE I o B ARAE LA TR v A R B8
SE T HLS A
2.1 FHREREAFAREIDEM

X 28 A ] P 2 24 TG G 1% S A RSB 2 e e A
RESE AR AR L0 S m], BHIF N B35 3k oA - 2is
FHZS SR PR 24 I, B 1 o o P AR AL R i R rh 32
SR B 25 S RE R, 1 S e 25 SR B v ke A 2 e
BN, FRREAR T 2136 6 FLE 1) 0 43 488 K 7 7 10 06
(B B, AR A% G0 % S IR B 25 1T Dt 2 /N
FTH B0 L BRF AT 18 P i DX 5 LR, 2 <) B A A
FEAT RO A S T A SR i, 35K T 8 A AU
VR B a] A SR B SO E AR 3 T 783 i
i, RSy RGN T A R A s A
XA GEAAREE N  TE S AL 3 R A SRS
JFL AR I 5], A W R B B A 2 T el
L AR TR ERE R A

P23 S ) B e 2 B b, R 1) 2SRRI o7
B R ] B B 81 X6 T e R RNOR 38 A T R Y
ot

(1) B9 7 ] 388 85 G0 4 1F ) e 42 5 I 1) A 4%
TE [ AR A ML TOUS DX Sl 2 T L At A LB A
AL T e A AT S0 R, o A R T
AR AT TR A AR RV B [ 8 0 g 2 7 )
FHEREAR . ARXT T 1 ) b 2, I 1o e o e A
SMAER T 5 A A ER AR R R 5 (R A B T
i M ER ML RS BB 2 A il 7 A 1 e i g sl e AR IS Y
[2 R

(2) Z8 < 8] b m A 9 o7 3 A0 45 T L
R . SEE S R U R B B 1 AR
JraR 2 R AL T IO MR A I m] UAT 2O T BR AR
JE, vk DS E i S AT L AR AR AT
PET /3 SE BB =1 o 28 SR T AP g
BB R, P LR R8T 3 B J3E 0 A1 14950 A H ek
R TR s R, F b s A B 2t o
PR R R B o 2 R TCE T LR AT
I, 28 SR BEAR T 48R vl TR 7 R TR AR A b e 2405
TGRSR R .

(3) 25 ST B L) AT LAGH S R ) 2 PR AT
AT o AR EE SR KR 2 I B FE  J AL R R
PRGBS 5T py, WL(T)

1

po = gpD’ (1)

X :p MHELYE I, keg/m’ s D Ry HE 2 11 13k
H,m/s,

HR AT 2 S, e A SUARAE AL ol & AR 5%
T I K, FERZ I AR rhad 5 L p AR I AR
(38 H A 200 MPa) , 4 ik 3 i 55 7 B, SRR IK
PPFRAR S AR W (2)

pVv=C (2)

K,y WEE SRR TR,y = 1.3,

RERK R I AR P, B SRR Vi 1155
W=L(3)

1

Vo= (). 3

PPy IKEZ IR 5 V., 2GR
i Vi <V (V, R E IR RS BE LI
A SR SR ML, v ) WL (4)

Py= (1) P 4)
K (3)ARARK(4) nI450(5)
enlB G

APV, =pdL/4 NHFLARZS AT, m’ 3 d, il
FLEZ AR m; L, FEA R, m; V, g A A
FKEREIE o (A, m

N T PRUEAR SBH FL 2 18] ) 24 B0, M9 L= (]
FRFLIET B R 24 /N T A ST I B o ARl I T o
AT AR R B R A SR IR P P AL e
PRI R o e e TP EGR N I BRI AL EE B
AR ZEL SRS TE R A U B A R (2R
Py B, P R B R 5
PEar LA Rk, W (6)



98

1/

2025 4E9 H

E =R +R, (6)

Ao R, TR, 307 Ay R K I T i RARE A AR

FRAE T P2 A s K Y m, Hit 507 4%
(7)) FIA(8)

R, = rb(ﬁ;’:)l‘ (7)
R, = (1;) (8)

t

Ao =2 20/ (1 —p) A0 B R PRI A
s D920 A1 AR HE, i A X8 o TR
C T A E KR o TR - 75, MR
PRFE I AL I BRI ), Pas A AT A v ™
ARSI 130, p, D HR A A A o L RE A L R
S LA R AR I AR 1 L (9)

R:éﬂﬂi)n 9)

ol A ERKE 0 NIBE =Y b 2 % B
B B4 7 38 KA, R L 8 ~ 11
2.2 TEREREHLEHEK

75 58] B2 245 D2 25 G5 R8I A BE T DU M A 1)
AFE A 25 SRR e 25 R [a) 28 SOANFR B 28 2 5 LAk,
) 2SSO A 28 241 BR 2= A ) B T b7 B SLmT LA
1 R TR A A Ta) b AN # & 2 2 | rh 2s A R) B AN A
B2 2 RS R 2 A N B AN e 2

Tt 3 2 A= ) o 28 24 3 o AE L P i B 25 R
K, F 23 S O H K BE 1 19 2% v 1 AR FL O
JEJTWEEAE I/ 5 By 22 18 24 0 3 B i e 5 6o XL
B o HPLBTE T REAA A Wil L O R R [a] i AR 3
B LR H S AR ER 58 EE
Be A sET T, 75 ) 2 s il e A R N R

FR R s A= (] B2 24 3 o % FR A ] B g I XL
1) N 3 IR B AN, S g A SR R IR a] , SR fE
RSN . HAE TR & AR rrE4n
AP il B 5 (2% 24 45 4 & 2% g 1 i 5 S LA AL it
TRCRREAR 2 40% , HL 8] R A B % 4 i i T HE
10% s} 59 5| K g i 43 A0 2 A7 , 7 T 6 308 2% X 25 A
Sy S 7 | N B ST R o R R e AR S
R XK RS B 7 e, (H R L RS e il 2k iy AL 11k
e ] 1) 2 S O A FR o

JICHR 4SS 8] B2 25 2 BT X 5 AR S A AR )
R e VR, B8 ad s SRR AL 0 4 b R 7
TR AT A APV T 25 1 T BRE 1) DA T A0 352 AR S 18
TR . T RESE R R B, 1% 7 U] (AR IS & A= R %
K2 35% , KEZ5 B FE 8 /D 20% ~ 30% , [R] Asf 48 3 1
MR 15% DU L, A ) F 3 S 5 R 80R  (H

I HIZZ BRT BB 2% 1 , 24 0 FL AR A JE sl A AR UK
I, 2 ST o i T R RS N R %, TR &
FH T fi e sl B 7t o IS8 24 X L 1T BB X ) 42
il BE LSS , T 45 DRSS JE R A it

IXBR TP FR e 1 AR TR P R A b A
(14 2 S A4 i 7 R, TS A 3 ok 70 B 0 = 1 )
S PRSP O 65 B SR B3 BRI, PR AT B
AESE BRI 385 (4 0 1) 28 N8O, T ¥68 A 2 0 3 ]
G itk 3 B AR A AR B e il VT (ES AT 9T 22 SR AR
T ) B, o 8 e ol 7 8y 50 28 g oz AL il
HARRAITE . DA 1,

=]
| S H
s 85| S
Packl.ng EEE Packing Packing
material = S material material
—_
o
270 AT
YEZ
Explosive
255, Air K2y
Explosive
YEZy
Explosive
255 Air
(a) T 2R 1 G (b) ¥ 0 1 (c) JEG S ]

(a) Top decking (b) Intermediate decking  (c) Bottom decking

1 =Rz s e
[16]

Fig. 1 Schematic diagram of three types of air decks"

TE 7S ] B v, B B 25 = TR B I R
HRER 15% ~25% , 253N o7 B 52 2402 4%
e [E1] 'R0 Gl 2 e S 1 K A= 7 S 1 (T

& W ERIE AR I B

X — IR TR RE A AR 5 2 A i
A FE AR . 2% LU B RE TR UE R M SR T 40 B
JH ARy, ST sk G PR ) e Aot K S SO0 ) U R A R
FEM o (EAS T B Y2, B A58 A0 5 R FH % R =)
B 25 A T e 2 B S, PP AR fb A B A TR AL T
HR AT, (HRRE 7070 5 SR S R 65 B J i v RS
PR DR e iV F = A 10 Bh S 29 300, 1T RE S EBE
RS 5RO ™ I 25
2.3 FREREAFARIRELA
2.3.1 w=ARARBENB

Wz S RIS E—F T LR AE L 1 &
A, 2 AE R AR AU B B v 3 o AR
FLN TRV E 2 A a) B, S 30 0 R b 2 & g 4 ) A
A, WA A0 R | it e A M I, R (IR A A
b B AR

TEME T, 25 SRl BE A B e e ML HE 2y
S3BE LA AT, X R RE S LE M AL IR L 2 A~ 13



FA2E H3W 7]

B, sk e RRELET, 45 T2 B RREAR I A BRSO B R AL A 7 B 99

T 1S A A BRI A A

TESEBR R b, B F 2 SRl B s )iz e T4
JBAEE R 1L B KR A b D R A T B AT M AL
BRI G TR T LA 2 PR AR AR
FERAS $E T KA T T PR T EEAEH . B
B HORBIAEE D, 23 SR B g 09 BT AR R AE
AW , HAED L i S5k v 1 5% 43 el o
2.3.2 mAMBRBEEL T RER

(1) $a v SR R

A ERER T, VL RIE S, By
RE TG 45 25 R, PR 28 SUAGER A r  BR IR T AL
Wk Fe RN RE T B A A st ], AT DL 25 Y g
SIS AR T A 0N R B 2B 24 T T B
AR e A R X [N R X, 42 = e
YA ROF FH 28, DA T 4 o A o

TiAh, TR BB, L N R T WM L
[ () 705 TINS5, RE A R0 e AR JEC R R A1 R B
RN GBS ek TR A A

(2) BEARKEZTIHAE

HH T [R] i R 8 U0 A0 K 28 1 23 A AR Rt
AT DATE G AR SR A IR s sl 20 K 24 A i

(3) Wi/ N IR 3h

B TAAERPE R, AT DA 280 A e IR 21, IS
AR B e

(4) GZaEH

X LA 2] 1) 8 SR A A R LI, B 245 B
AT DM RIS A T34, b7 ki e 2l BRI AR
AR = 4 XU
2.3.3 AN TaHEMELE

YA 1Lk FH 23 SR R #% 4 BJQ-120 AT H
AR R IBI R AS , e =X, AR G F AR FG A5 DL A
A AR AEC Q/KLKS2017)

TEMG IR ER RN T .

(L) HrTrazn| g, BRI, SR 5 7E 4% 5 | 48 b1 e %
TR BE KA, it ;

(2) ¥ T [F s A IR 1] T g AR A %)
JFLN IR BIRFEE bR M 1k

(3)29 15 ~20 s J5, HF R Il 2 it sh g 51 43,
ELF RS G| 4 T AN B, B0 [H] BE 2% C K 2R
T IET AT G AT

(4) K2y 1.5 min Ji5, [ fF a8 7EM AL N IR B H AR
S T R B 5 T X L R A T I S 24 IFLIE R
AR

3 ESMERBGKIEHR

3.1 RAIexts
3.1.1 FRBIER S B kA

REZ A PR A UTRR AL 2 hi R 16 2 R0 IR, A
TEFAR M) FI3L AR MR, M) TRAE T2 &M
2 A DR KA R 3 52 5t (08 A & AR
P 3E 45 ), 5 W 1600 m x $g 1000 m, W77 bR
466.55 ~150 m(HR 0 ~316.55 m) , F-3J5 445.76 m,
SRR H A 3G S /N, MR AL T 2R e ] R,
RS K, RS MI — 3, FLEE 1200 m x
960 m, b5 463.05 ~ 150 m( HEZE O ~313.05 m) ,
BIJE 45,78 m (0 Zelg i) , Jmy A A Ik o 47 (H AR B
WS R A . I RS EERE e,
WX 2235 351. 17 m,

MR A 50 =2 B KA () A B i
WA () F& A IR o i KA 53 A F i
IRER, K- B A0, B  HUR I i 18 R
JRNZNRZ N, & 07 A K SR s A s A S T
JEPEHR, K- K A, 20 ST A5 H , LS A H
AR SR A BPOICE WT AR RS, KB A2 AR
M3, Erkk A kB K m Si0,, PR R o BEAIK ) 1%
WA =280 A B LU it ok E 2Ry, S5
fER A X 2= 5 2. ULE 2 (&1 3,

B2 RETIR

Fig. 2 Limestone deposit

K3 kA
Fig. 3 Micrite



100

W 2025 4E9 H

3.1.2 WRIRBESHT

AR LT X B A 2%, R : (1) 1 2 ~3
ol 222 A ARG o, 25 TR 5 (2) AT PP K
AHARRKATET Yo YR EREE R
HTIHURR BE R 20% 5 (3) A AT R 0 B Bl IR
RARBELLRAY, JRER ) ] 5 B 22 W i 5 (4) W)= ATy
PRABAE o IRKFHEFEOT RS 7= & i sh e
BRI AP X)) |, [RIB h 22 5 A f a7
VTR, T AR 2 B SRS B
T T TR SR SR, AR AR S

15

3.2 Z=RERKRGHFIMERIRGEZT

73 ) Bl i B e P AR TR rp AR A 5T
THI AT A S35 A, PEEA T BT sk v i o e A
i S B s 5 AN (o P 2 7 1 Bl 25 14 F R, LA
FARGEA ) 2 AT 2 Bouk by 7 A< B 52 ), 6 ol 4
HE TR L M o A 9 R DL 2 Rl P
NI 5 R IR b 87 % 4R T 1L TR 8 P 2 i
SRR AR AREAT AR, — 4
FEHT T 23 BB A , 10 75— LR A, 16 an 4] 4
JR7R o TESE RIS , X PRI I 45 SR HEA T T 3T

15

v d U

(a) ARAEFHZ SN A%

(a) Not using air spacers

v U B

(b) i FZ= S I i 2%

(b) Use air spacers

B4 X AL g R 25 45k I (B0 e m)

Fig. 4 Comparative experimental charge structure diagram(unit;m)

5 JE/R T 25 SR b 2 AL IR I B
DA BrBe o HRBCAT, B 37 M T L B BR R e
A RIS SRR AR B AR A o BRI, im)
1T H BER A A 55 R

4, A0S T RO (AR

(a) FRRHT (b) KB+

(a) Before blasting (b) During blasting
Al 5
Fig. 5

A 1 R T 7 b & B £l s R B A A
SRR, o v R R B B B TR X —
SERFEMUE T 23 SR WA 76 O A R B R i 2
AR ENS RS A SO R PR RS
14 FF SR o AR I, DLIEL 6,

PRHEICHE A 25 SR BER e B S X 45
1, IR E 7. 25% , U A A B 8 7 A 5 22 by AR
A M AR BRGS0 E 6.71% , A%
BRSO B 2 (AR B 2 SR B A R 2 T

B R AR AR, K IR RS, M
TN 70 36 M (4 A 25 R A4, M TG A A 4
EBERE SO G Br

(c) During blasting

BT

Blasting site

(d) After blasting

—E AT, 180 T8l BRI I

HRME v A - R A 23 I B A B R T Rl
5.7% , Thi it il 2 1) B &% 5, b 7 5 e [ =
3.07% o Ui BH 2 7 [ Bl 45 718 3 ¥ A1) 7 1 R i 30
T, RERR O A R RE B 0 , A7 08 4 A5 R
A0 R, ORBEAT A7 B BRSSP

HEHESNES A 2RI B i, B R J22. 2%
S REAR R 1. 295% , FR IR i 7 25 1) B 2 9 2
R, AL THEHE S SN R AN by 52 M ook S T 7=



FA2E H3W B B sk e EELET, 45

BTER

15 B AR 9 IR AR B B AL AL T BT 101

AR G R  AE AE p E FEAIR

HERHE S
Bottom of
explosive 6.71

pile

R PR
Central

part of the
explosive pile

HRIESIR
External
explosive
pile

L S e ]
Not using air dividers
e = S

Using air spacers
! . .

BUREER A7 Sampling location

22
1.295

0 1 2 3 4 5 6 7 8
B3 /%
Powder ore rate/%
Bl 6 A [RIURE Bk B A5 5 L
Fig. 6 Comparison of powder ore rates

at different sampling sites

DA B 32 R (0 P 5 B T 2R 7 RO X
Lo, ST HORE 1582, 62 t, NIRER 4 RS2 (&1 7)

(1) 18 18] B i A0, 67 B 32 2906 20 5
5.05%F13.69% , FFET 1.36%

(2) BB AN [R] BORE (57 e LA 53 B9 A1 AN [) A
HERHE R P A1 1) BT K FRHE SR AT A 2 P A K

(3) € P B HB BURE v, i 43 45 2R 4300 A
8.86% Fl1 7.25% , Ui HATE R 1% 1T S 5022 B 1% 1
T, b BT % A Y AR A X R RO P AR B R, R
PRECAEA LI Hb 5T 2% 1 T ol FH 22 AT B 45 1) 6 3
FRAR, P £ LAt b A 7 ] B B2 ) DRk 6, i
AR A A A L H ST 5% 1 DA R DR A AR
MR EIRE B . 2 KR CSEN R 1 i,

T w_o =

g 210 WPNed
2% 8%

[OAR

o w

K 7

R [R5 25 45 K My - R 45 S0 L

Fig. 7 Comparison of powder ore ratios

for different charge structures

*1 ZSERKERESHR
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2.50 4.23% 2.80% 1.42%
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Fig. 13 Verification of blasting parameter optimization model
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Fig. 14 Comparison curve between actual and predicted values under different operating conditions

5 #it

WA RK LB DR BOTZ TR, 2 T8 (H
FRAU-5 B, BF 5 T A IA] A B R 1 e I 0
WSRO B AL TT 1, A B EZASE T

(1) 38 3 % He oA feft P 2 1 Bl i -5 oA (i ) 2

AU B BRI, R B A P s = R 3 43K
Lol S i e s R IR S e U O R 1)
RIS RA B ARG IRCR

(2) T2 EBR B BB R ZHRTT
IRz R I B o o8 P AN [) ) 2 ) B i
PEAT/INE BB e A B, Al 23 R B BB,



104 e 202549 A
B R E S S . E— LB, 7L — [7] DONG Yuan,HE Yan-fei, MA Chen-yang, et al. Analysis
AHXT A B 23 S ) BR K B8 (AR VE 25 RE S RE s 18- 3 of blasting mechanism of non coupled air deck charging
A E B 754 B S | Sk DR i ik 1ok s 42 structure [ J ]. Technology and Economy of Changjiang,
PR R, R SO (G
RE /NI K25 E- R VR O T4, S T T R 5 T 25 2 S 1 g 2008
SCEATI EERERE, AR B 4104).5490.100, o

(3) AR R, e MK EN 1.5 m [8] YE Hai-wang, YU Meng-hao, LIU Cong,et al. Bench blas-

ZMT AL ZERT 50 ms, JE25 5FE 0. 29 o/ cm’ i > ting parameters optimization with air-decked charge struc-

A FEOTERE B 5] R SR KR R, BRI Rk ture based on fragmentation control [ J]. Blasting, 2024,

BEY 41(4) :8490,100. (in Chinese)

[9] SAZID M,SAHARAN M R,SINGH T N. Enhancement of the
5 2% 3L ik ( References) explosive energy utilization with the application of new stem-
ming contrivance| J ]. International Journal of Innovative Sci-

[1] SINGH P K,ROY M P,PASWAN R K, et al. Rock frag- ence and Modern Engineering,2016,4(2) :2319-6386.
mentation control in opencast blasting [ J ]. Journal of [10] Mk ATIEE o 084 52 = A R AL B
Rock Mechanics and Geotechnical Engineering, 2016, LR AR R R P B [ 1], R B, 2023,40 (4) :
8(2):225-237. 110-114 ,223.

[2] SINGH B K,MONDAL D,SHAHID M, et al. Application [10] WANG Hao-yong, REN Xiao-ling, SHEN Qiang, et al.
of digital image analysis for monitoring the behavior of Control of blasting powder rate of limestone for aggregate
factors that control the rock fragmentation in opencast based on air decking optimization [ J ]. Blasting, 2023,
bench blasting:a case study conducted over four opencast 40(4) :110-114,223. (in Chinese)
coal mines of the Talcher Coalfields, India[ J ]. Journal of [11] BEBER, Pk, 25 B e , 2. YRFL AN 1 22 B 1 [ 2 25
Sustainable Mining,2019,18(4) .247-256. FLEEMEE H MG [ ], 50R T AR 2024 ,44(1) 16-11.

(31 M A0, 2, 5 AT IRECIRIIETRIL 1117 LOU Xiao-ming, TANG Zhi-heng, NIU Zhi-yuan, et al.
DRI BRI B B W 2R ST R S AL LT ] iR Distribution of impact pressure on hole wall in deep-hole
#%,2023,43(5) :6-10. blasting with multi-stage axial air deck[ J]. Mining and

[3] LIN Jie,LIU Shao-guang, LI Guang-bin, et al. Influencing Metallurgical Engineering,2024,44 (1) :6-11. (in Chi-
factors analysis and parameter optimization for rock frag- nese)
mentation by deep-hole cut blasting based on grey correla- [12]  WHUEE 2 A 9. B2 R B K VR FL A 1 I
tion analysis [ J ]. Mining and Metallurgical Engineering, PR SR T]. B AR 2024 ,39(3) :24-27.
2023,43(5) :6-10. (in Chinese) [12] YANG Shu-qging, LI Shi-hao, YANG Peng. Research and

(4] BEUES, MR, SHEIR, AR A ARERET R E IR AL application of deck detonators with water-rich deep hole
B oy A FFAE DR ST [T ]. R B 15 % 4 TR 244l blasting in open-pit coal mines [ J]. Opencast Mining
2023,40(2) :371-378. Technology 2024 ,39(3) :24-27. (in Chinese)

[4] LUO Hao-hao, YANG Ren-shu, MA Xin-min,et al. Study [13]  BRAEEE. 5B M 1R b i 25 S a) f 2 25 AR [ T ].
on the distribution characteristics of deep hole blasting in TRFH A ,2024,39(6) :32-35.
the fan-shaped hole of Shilu Iron Mine[ J]. Journal of Mining [13] GUO Ji-ci. Air deck charging technology in open-pit coal
& Safety Engineering,2023,40(2) :371-378. (in Chinese) mining[ J]. Opencast Mining Technology,2024,39(6) .

[5] BAHRAINI M S, ATIGHI 1. A novel intelligent stereo vi- 32-35. (in Chinese)
sion approach for blast-induced fragmentation size distri- [14] ZHOU Zi-long, WANG Zhen, CHENG Rui-shan, et al.
bution: case study at golgohar open-pit mine, Iran[ ] ]. Experimental and numerical study on blast-induced rock
Minerals Engineering,2024,215:108822. damage and fragmentation under low temperatures[ J ].

[6] LIU Ke-wei,Ll Xu-dong, YANG Jia-cai, et al. Experimen- Enginecring Failure Analysis,2025,174:109497.
tal and numerical investigation on rock fracturing and [15]  BRMG &, FRUTEG 45/, 52 T o /K M FL AT B 25
fragmentation under coupled static pressure and blasting W RPN [ T]. R A 2025 ,44(2) 127-30.

[J]. Engineering Fracture Mechanics, 2024, 311: [15] ZHANG Peng-fei, CHENG Hong-ming, YANG Xiao-bin.
110593. Water-rich blast hole deck loading of explosives in open-
(7] #F W0« SR, 45 ARG oS SR FRE 2y 2h Fa) 4t pit coal mine and performance evaluation[ J]. Coal Tech-

BRI ] RITHOREZEST ,2024,8(4) - 104-112.

nology,2025,44(2) :27-30. (in Chinese)



a2t H3H 7]

1,k ER A BLET, 4 T RN EOR B BRSO 07 R LA 5 5 105

[16]

[16]

[17]

[17]

[18]

[18]

EREL R b, 2o, 4. ST JKSimBlast B 58 KX
3 Bkl A8 = ) B e 2 S A A 9T [0 ). MR,
2023,40(1) :50-56,68.

LI Zhang-chao, XU Shai, LI Jin-ping, et al. Optimization
research of air decking charge structure for bench blas-
ting based on JKSimBlast [ J ]. Blasting,2023,40 (1) .
50-56,68. (in Chinese)

Rooon, L AR SR AR AR 2 R Bl A
73 R SE L ] M5, 2009,26 (4) : 17-21.

WU Liang, WEI Min, ZHONG Dong-wang, et al. Study
on dynamic stress characteristic of air-decked charge ex-
plosive[ J ]. Blasting,2009,26(4) :17-21. (in Chinese)
e SR PR A, P OCHE. A IR R 2 B A i A
AR TR BE LB 7 [T]. 55 1%, 2009,
30(10) :3109-3114.

WU Liang, ZHONG Dong-wang, LU Wen-bo. Study of

[21]
[22]

concrete damage under blast loading of air-decking[ J].

Rock and Soil Mechanics, 2009, 30 (10 ) :3109-3114.

(in Chinese)

SRS S 1 W R R R [ M) DR - E R A,
2000.

a5 FL BN, BB OGER DR A KA Z 52
A G RECGE 1], &A% 5 TR% M,
2005(6) :1047-1051.

ZONG Qi,LU Peng-ju, LUO Qiang. Theoretical study on
axial decoupling coefficients of smooth blasting with air
cushion charging construction [ J ]. Chinese Journal of
Rock Mechanics and Engineering,2005(6) :1047-1051.

(in Chinese)

EIC. BRI [ M ] JUaT s Tl ik, 1989.

W R oA A AR SR IE (M. JE At R
& Tl i it ,2014.

(E#&% 8 W)

(8]

[10]

[11]

[11]

[12]

[12]

[13]

LU Gao-ming, LI Yuan-hui, FERRI Hassani, et al. The in-
fluence of microwave irradiation on thermal properties of
main rock-forming minerals [ J ]. Applied Thermal Engi-
neering,2017,112,1523-1532.
SAIR K,NIYAZI A C,MUSTAFA F et al. The assessment
of the factors affecting the microwave heating of magmatic
rocks[ J]. Geomechanics and Geophysics for Geo-Energy
and Geo-Resources,2020,6(4) :66.
YUAN Yuan,SHAO Zhu-shan,QIAO Ru-jia,et al. Thermal
response and crack propagation of mineral components in
olivine 876basalt under microwave irradiation[ J . Arabian
Journal of Geosciences,2020,13(14) :1-11.
I XIS BT, 45 SR BN TR OB TR
FEPEAHE BN BIBE T [T ], R 52 412, 2021,
27(1) :94-101.
ZHAO Qin-hua,ZHAO Xiao-bao,ZHAO Jian-xin, et al.
Study on heating characteristics and prediction model of
igneousrock under microwave irradiation[ J ]. Geological
Journal of China Universities,2021,27 (1) :94-101. (in
Chinese )
oW R %k, BE MRS ORFEIGBLE B U e
AR N A TR AR IS [T ], A & TR R,
2020,42(4) .650-657.
GAO Feng,SHAO Yan, XIONG Xin, et al. Rising char-
acteristics of internal and external temperatures of rock
specimensunder different microwave irradiation modes
[J1.
2020,42(4) :650-657. (in Chinese)
LI Qiang, LI Xi-bing, YIN Tu-bing. Effect of microwave

Chinese Journal of Geotechnical Engineering,

[14]

[15]

[17]

[18]

[18]

heating on fracture behavior of granite: An experimental
investigation [ J ]. Engineering Fracture Mechanics,
2021 ( prepublish) :107758.

ZHENG Yan-long, MA Zhong-jun, ZHAO Xiao-bao, et
al. Experimental investigation on the thermal , mechanical
and cracking behaviours of three igneous rocks under mi-
crowave treatment[ J]. Rock Mechanics and Rock Engi-
neering,2020,53(8) ;1-15.

Z0U Chun-jiang, QUAN Xin, MA Zhong-jun, et al. Dy-
namic strength and indentation hardness of a hard rock
treated by microwave and the influence on excavation
rate[ J . Rock Mechanics and Rock Engineering,2023,
56(6) :4535-4555.

YANG Pan,SHAN Peng-fei, XU Hui-cong, et al. Experi-
mental study on mechanical damage characteristics of
water-bearing tar-rich coal under microwave radiation
[J]. Geomechanics and Geophysics for Geo-Energy and
Geo-Resources ,2024 ,10(1) ;3.

LIU Jun-jun, XIE Jing-jing, YANG Ben-gao, et al. Ex-
perimental study on the damage characteristics and acoustic
properties of red sandstone with different water contents un-
der microwave radiation[ J]. Materials ,2023,16(3) :979.
AR BUKME B T, 55 WA 4RI BE 1 3h AR 45
SRR RIS AT S [T ] SR, 2024 ,41(2) :40-
50.

PENG Song-lin, JIA Yong-sheng, DONG Qian, et al. Ex-
perimental study on dynamic compressive and tensile
mechanical properties of steel fiber reinforced concrete

[J]. Blasting,2024 ,41(2) :40-50. (in Chinese)





