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Research progress and prospect of parameters optimization of rock
drilling and blasting technical in underground mine roadway excavation

CHEN Cheng, LI Quanming
(School of Civil Engineering, North China University of Technology, Beijing 100144, China)

Abstract: The blasting technology of underground mine roadway excavation is an important part of
mine construction and production. The selection and optimization of its parameters are of great
significance to improve the efficiency of roadway excavation and reduce the cost. Based on a
comprehensive review the existing literature, this paper combs the research on rock drilling and blasting
mechanism in roadway excavation, including the two core contents of the propagation mechanism of
blasting stress wave and the dynamic failure mechanism of rock. It is necessary to improve the research
methods, expand the data sources, and strengthen the connection with practical applications. The
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research status of blast hole charge structure optimization, cutting parameter optimization and initiation
network optimization in three main aspects of blasting parameter optimization is introduced. The
specific criteria for the selection and optimization of blasting parameters under different conditions are
not provided, which may pose certain difficulties in practical applications. Additionally, this paper also
prospects the future research directions. The breakthrough of the basic theory of the coupling effect of
blast energy release and rock crushing energy consumption will provide more accurate theoretical
guidance for the parameter optimization of roadway excavation blasting. The application of intelligent
technology throughout the entire process of roadway blasting excavation will be the future trend, which
can realize the precise control and optimization of the blasting process. The establishment of multi-index
intelligent optimization model of blasting parameters is crucial for improving the blasting efficiency.
Taking multiple factors into consideration can achieve comprehensive parameter optimization and better

blasting results.

Keywords: underground mine;

roadway excavation;

blasting parameter optimization; blasting

mechanism; intelligence optimizes model; intelligent blasting

0 31 &

B 25 Bl 2 R I AS W it 28 A BRI Bk,
2009 4758 BE B A 1 ME A g B 1, 2020 AR VE B OGP
T T R AR 0 o A S, AR B AR A IE
FE T2 0 T 8RR I R oS 1 T
FRREY . bR K B AR A . AR R AR R
W) & JR Sk b T 4 L T A A R R TR AL
M, MR L TR R S R R — I Y TAE
1155 o A5 T8 A J 15 X RN A2 2% B Bt 5 0 L A R TR
SR T BN, 0 00 2 A 3 ) o 2 s, A T i 1 A R
MEFRE NS oMb TR BT L R R A N
LU FF R R AT B i A PR, S B0 AR A 5k 4
A ROR DR TN A BT L ERBE 5
AAEEE L., HeBmE AT A, 158 E
AT LIRS . e 4 BRER, R T LT R SR A
TR PR SR, MR T L T A
B AR S H AT 10 s — 2o P % A w2, P T i
TR0 52 Z Pk, o 10 32tk B0 AP A A5 AR AR P 28 1 5 %2 i)
PR B SR S BUOR 2, PR — 48 BR AR MRS o T
FIVTAG B 50, 8 00 5 B0 Ak 48 B R A5 28
BT EE K

YT, AR SCRVGE T S AR A T i 0T 5 AL
FHL R 07 L A5 38 0 2 R B H R S B A i 5 R
AR, BT HL R T 1L A T A 0 R 0 S B A 5 N
TRA KR 7 1] o 208 o0 b 87 1L 4 3 i 2 400 35 1)
) 47 B2 AL 5 B2 1 2 2% R S, () B o oK 02 i 4 T 4
BRI B A A 1 — 25 BT RN o
1 BERIEESEHENERAR

A I i E R R — A 4 ) TR,
TR T fife HL A5 e AL B mT LS B O Ak i e S 8 2
A RS RO v, RS A SR B
{EASEADLRN B8 43 B J5 v, 16 58 8 K I ) I8 A% 4 HIL

e A s AW R O N, TRARDT T8 5%
AL AT
L1 RN 7 AL R LI 5T

B AL S 46 B 5% T AR (A A5 K N 7 U8 A% ok B 1Y
LB LN R BE AR . CHEN 28 ) F H A 8 B XL
P 559 2000 A P AR A A A8 AR G 3 e OO TR
B B O TRPE S5 R GE (K 1(a)), R 2 b [A]
AR Y A 25 25 8L (B 1() ), AT ARAL R AE T A A I3
I T A B T 2L SR AR b i A% 1 B A AL R
&, N — 20 R 9 A8 IV ) XA L R 5 A 1 5 ) 4
M7 SR SE IR B, A Bl T S R A AR AR
DING %57 K& T 805 IGO0 OG5k, R e e 488 £ 4K
F MG AR R LK R G (K 1(c)), 38 28 43 B W AR 37 5L
i (L 1Cd) ), 487 18R JE I 7 I i & oy, x5 T 1
i B 0 1N 7 0% P R e A R N o3 A R AT R
PN KA SR AR ARUARE 28 52 55, 5 2ok 4 B I 3 1SR B2
BN, 73 BT R K N T A R R B R b i A%
T LA, 0T T B U G R Y AR S 4k
et 28 M EAEEE L, 4% PVDF
JE g A I s A K e b AR AL v R AR T
JIECHE, XL AT BT TR FUK RS G S 1 T R L )
U 1) A R LA, X T LR B O TN T 9 AE AN [m) A B e
AL 1 FE PR, DL Rk R 6 3 AR B A BT R 24 25
AAEEEL,

AR 5 S50 F1] F Laplace £ 43 325 A1 Miklowitz [l
TR fe g T JC PR B sk A o v JE 4K 2h
KL AT 3G W SR ATT A . X IR 2% 1 T A A
R N ISR T F e SO PR Z e e s i Al i
RABHLHI AR PR L T EZE S % . WANG " & T
16 TE 4 BF 358388 VA0 23 BT 17 % S R P T T B A
N T AR R . 2RI A R A FLAC™ U {E 5
PUERAERT LU 43 BT 1 58 8 5 0K 5 0 B A v g e 1



%104

Wr B, S T L E A A R R S R T e e S e B 105

/4 P v
el gt

tm U
P T B maan

A

ﬁhﬁﬁ%l

filkfE s 3 [mkls s 2

g *

(a) BRKERR AT Bh A S2 00 250
5 EUIRL HL I
1446

o) | i1l

=

A R 2 GEZEEL

A= mannnn
& yRARne

(o) HeNF AT B IEHE A SR R 4

T PP 7

Tl s A

20 mm

(b) Rk R AL LR A 22 2R L

(d) Von Mises 4%z [&]

B1 BENAREELEHRTE
Fig. 1 Experimental study on propagation of explosion stress wave

(BRI 3Lk [6] ASCHR (7], A 1B 20

PO o XU FE AR T — A R B AL
7 1, AT LUASE UL I R K IV g I A AN [R] B A A
L RE R E . WS B T A BROCTT A AT T
HBR A IO 3 9 B R b B A R LA . S
T LS Mg AR A I 3 90 Y B AR 2 A
TERISE A o I BB 58 R XS T TR ABIE TS F0 S T4 A
JO2 T3 AEAS [F) A Jo v A AL LA B BB S
1.2 A A S S BIRHLI T

HER OB S o AR e A A R K A A T A A
BRI R Y A . fEX — i R P, A A S
A R AL A — AN QB ER YT, B R E TR RIOCR /9 47
PR o T3 X A S A AR L BB ST, AT LS G
T A AT S A AT T BB R, AT S R S

(a) LB RGN R

B B AL £ A1 BB AR

B TR TR B A VR BT Ak B 3N 3 B, L AR A K
THHAREEERITLRALE, HHHIZRGEIT
JE T shigdl B AT 8A A sh A a v B, %
JEHL R A R =1 52 ) RRAE, AR AA MRS W T
SHEE SRR RS (K 2(2)), FERIHZ R 5
X AN [a] B = Bl 2% T VR OB e 10 Sl 2 A o S
PEHEAT O T, I X R Y BERE L AT T 20 Hr, S
B B AN 2(0) Fos o SR LEFFE R B T S AR
W T AR 3Z 1 5, o M e A B R B A A T Y
T35 PR B BEIRAT S, AT LS G 3t B A 3 R Y
2y 25 e 7 AR, I O AH DG AU A AR BT R
T LN TR AR E RS H MG S

(b) SE864 B

2 ZHEEZSEHRTRBRESE
Fig.2 Three-dimensional Hopkinson bar experimental system
(HERA TR : SRk [15])



106 == 5 T [

32 4%

TS A R B A B A A T A
AT R, WEFE B ATHE T — 2R 50 B S A R IR v
U] ook S SR L T ) W B S H SR AT O, B
JE T 3 25 3 RS R, BE 08 B B LA A e I 2
IR o BRAE PR AR B TS AT B R X IV AR AR A W] K
RN, B2t T 2% e A i R -V A RN Y e A 26
BB R - T DU 2 v U 8 408 5 it R e £ A
RN T MR T . BB ST BT a R
B S R BE R, S T 2 B AR AU Y
A S ASBIRAEI, 32 1 D) E 8% AR 47 Al 34 s A0 72 3
BT T RBOIR S R o XSS AR R A T —
T BRIEHESR, T 00 A A0 T A1 7E B S AT F Y
WeRAT O o 3 s AIF 5 A0 OE sk 2 fE DU, ] LA 4
R A1 0 Bl 25 R R

Bt TH AL B AR B A W K R, WS T RE A8 A1)
PR U 5 1 %0 o A 08 3l 25 IR DL 2R AT A5
H 3 ST A T A KA R R R O A A B T i
A AR B A A B A B T AR AT,
MR LA A AR S O B AR R
WA o B AR A SR L T R 22 0 vk M B HOT I, BE
oA T AN [R] wede 2 A T AR 2 T A 0 B A R
i o T8 AL e A BRI B B
AN 3247 S, BE A8 AL BUAR U 5 A A T o ot 3
i AR IR i B, Bk — 20 1 A B0 Bl AR R SRR
Ji) S S AT BROCTT IR A 1 9 B
FR A2 RS I AR o T Y B A A B LTI A A
Yy AR, ST T RE I B A BROTAR R, T LU 5
N0 0 2R B A B P R R R L X BB B SY
A DL B R A B RN RE AR, O AR B A AU 4
PEATOEACBE T, 312 v A 18 4 U AR TR A & A TR

i LT, HHEMNLRG B T 25 F Bt 4 iE
I BE v e R HL BRI R T ARSI 5T, IR B A
A8 B 2E 1 AR R I T — s i kA, o ARl
3 1E W Ak B T A AR B I B S RE . AR, )
BT T e, B H TR RS — SN R
FI1 AS i R B () e S 3 0F 5 07 T,y T A A
B R0 52 2R, SE PR SE I AR MF 2 B — i B R A
AR MEAE 52 b A5 18 T AR v BE AT QMU B 7 % 5 52 5
S50 X0 HE B 7 L 0 T S R AR AR AT A R R
A LR 2 e — 0 R AR BB AR AL
BB 2 B X SE PR AR TE TR O [R]A A 2ER A T
DL ARTATTE . A A MM R R 22 28, 3
A8 5 6 v A L 5 AL S B TR P Y 52 2R A A
LA, 5 BT RN LS A AT R Y B K 86 U7 Uk,

TFIEZ RE . ZY B Ga BB, LLATm ., e
A S S BIRRIPLE . BUER AT I, o A 7
R IR N B AW R R — A R AR AR L )
R, AT A RCE R R A AR B T — S R B 22 5
200, e LA 1 04 o K A TR O B A A
TG, (BSR4 e ) 0 A DL T i
AR5 R, S B0 A R N L T B A A AN AT
FERME o BN R AR S BB KA T BA A R AT
N, e BT R SN v AR A0 B BB DT vk, LR e 4L
(ERE AT 35 A A R AR . BINE BT I, AR
A — SR T5 1 T RO A T i R R L P
Fr o307, ABAT ik = — 25 58 B RIME B A BEIEAEZL . 43
A, Xk 9 K IO 0 30k A% A7 ML A B B8 23 AT A B A
B, X 7 52 A 14 A8 T S B T8 T B N g A 0 L AR
WG R BT T S S o BN ) P AR AR
AN RIS 5T B A AR R T L A BT RS B
B A B AT D 25 77 THT B AL BE 1 R A5 2 42 TR B
WETE o ARR AT 5T 5 2k — 20 ik 52 56 5 B AR 45
B ZMTIELEG BT BT SR, LA e 4 1 i
HE B SR LB A DU B A s E— P 58 | F T
5 R, I N st 55 52 bR T A1 4%
2 WTH ILBERTEEBUEARSHAUTAR

FRBEE AR Z A T 7 1 A T 4 R R
AR S, T e B R 0 2 MO R AR AR, AT LR
o il T8 AR | 4R T 2 Ak AR IR TR S
o AR TE PR AR B Al AR M FLAR 2 A
AL TR E A R R 28 A = A~ Jr T
21 AL LA

M AL 25 45 F D0 A0 2 R e MR R Y T B TR
Z— o B A2 G R SCR M AR E VR
HE U, LA 25 A5 R 0 D01 455 A 2 R0 Y
Wk, e R NS T . i A AL
FLZE 24 254, T LA o TR S0OR R 1A B T2 P RE

Xt TR 25 R A e, 5 B R AR A 1 I
JUSF AR M R A5 N 3R, e 5% FL A 16 22 4 T B 1 A
LA 2550 o A AEE IARE R OR AL 3 AL
FRE Y, X a3 B TR A AR = AN [R) K 24k 1
YEFIR (LI, 5 78 1 KF 25 13 SR8k 7 B BT DE i
T LR R A IR B A8 R ), i TR 24 e GEOR
Y 245 8k A1 i BEL T D e e BB vy, Bk 07 A R R 8
MR o IX — B e I A 25 BRI T IR Y
6, A BT R W ATAR 4 B AR D06 2 1 B 2
2yt DML RCR . e B 25 i i, /5 258
PR BCRHOCR M2 4l o i i 92 24 1 v BE = BUs
ROR IS T om0, 1 CH I B RREA 5 2 R Y 2 2 48 U



%104

PR, & T IR E R

HIR AR ZBAAO T e 5 e 2 107

VA IR B U YRR OSOR B AR B R .
A SR S Bk 25 9 3 2 T DR R T A
T TR 1% RE R 5, DT ik — 20 O A I B OR o R
RGN g2 J5 2 70 53 2 BRI TS IF R E ST, 48 Hh 4
22 20 A MG N 2 3 DR LA g e X TR g A
LY R R U (M 2R SO v oL A7 5 TR T AR Y
TRERAME LGRS AMGESHES . Ba
oy BRI G 7y B 2y, HoR B EAnIAT 3 i
72 9 HUAF R RCT BUBAR S0 M 07 ¥k e 1 4l 1)
I3 BERE 25 A5 1F T R AR AR 9 1 o3 AT LR, SR R T
THEHLIBTJZ 4140 52 56 07 vk, 15 21 b 2 70 B 245 2% 1
AR KRB Y A LR, A Ry B
2577 3CnT LU 85 A 25 F T 5 A0 WA Y E B AT %%,
HoAA B o BEEC B B 2 (5 L 0.4 BFIEH R
Tl oy B 2507 sUR D B, 1308 A B T A 5 PR gk
ARk v e 4% 5 3 e 2507 3, B R AR O A T
YERR . Whoe s Rt T & B 2> Br b i, X A7 1

(a) MEEIESREY (b)) MR L

(o) M 7B

?%%iﬁﬁ@*%%%&ﬁwﬁ%%%%%ﬂﬁ
oy MR T RE B, 42w SR OBOR o A AR R
ﬁﬁﬁ%%¢§aﬂﬁﬁT*”%ﬁT%A%?
LRSS D R NS AR A RS PSR R
Bl 167, A A MERCR e e . BT g R e it T
— N HEAHE RSB, X T IR AE L
TR 2y i T AR AR SR A T 4R 5, A B TR e
ROR o DING 2 ) FH8 A 284 2807 181 AR G 92 3
RYL, WEIC T4 2 B A N g K I g e A AR A X
PRAE 800 ) 52 W, 8 30 5 8 T 2 2 007 e mT LA
RS SRR TR, 2E T 3 ) 9 R Bl A o Y
ﬁﬂ% S H A o 3 I R RO DG S 5 2R 4 1Y i
FE A YA A 3t L0 0000 kg A A8 1) A P20, 42
%Tﬂ%%ﬁ%@ RORL R LA IRYSOPE
Az SR B R A P A 4 o, R R AR A B Y

BEIRIE 25, 3068 TR SR ol v ) 00, 4 o 0 22 A
RUETEENSH

B i
B 2
il

(d) PGBy

B3 EHAATE
Fig. 3 Schematic diagram of charging method

22 RS

H R AT LA A R T v, A O R
B F A . b T IS R A TR A A
() A e R 0 S i 4 R, HRRE L 9 1 PR A
A B A3 AR R DT B Ok, T LA e
1], R e S AR AL R 4 b s 1) . A Y 5 =X
F A ELWR A R YR A o E B R A g
B R EL AR AL AT LR e R s 10 %) B B S80, AH
Uﬁﬁ%WTUHm@%ﬁﬂﬁ%@%ﬂmﬁm
X 25 A BRI T PR A L B AR AR A AL Ay X
PRAE TR o AEARIE FA R AR R, R B A
T ] DA 4R g AR M 2 ORIV LA FH 26, B IO e A
1) R B 3R e L T ) R LR TR T LA B v R AR
TRl L 300 8 TR R B R 0.17~0.22 2Z 1] P

X0 TR SE B AR B T — Bl A 2% 0 4 J7 52 0 Fl Al L
iRV OB v e I W T S M GR NG S E R S TERON
SR BEAFAE BOR B9 22 57, WF T 245 2R 09 3 VA o
— Rk, AP EERE TR RS
BORUECR, Xk T SR A A 1 A4 LB R IE AL T 95 O BT 5
B o X TR AR R E A A ST R N T R Y
AT RAPI I A R . AR DL — 2P IRABETE
T R R e ) ML B, TR RS [R] Sy =00 A R e Y
SEHL AT LB X R G M A% PR AR IE R, T
EM%H@%ﬁﬁﬁ?ﬁﬁAu%%ﬁ%%Wﬂ%,
AT L& BT A BOR , 1A T RO 0L 5 56
3&%%@%%LﬁEM%EFA%ﬁ%O
2.3 R

i 3 A A A R 190 2% AR A, T L S B 22 A T



108 == 5 T [

32 4%

R, B TAERCR . R, R X 45 A A 3 mT g
AR BB ) R R D) B, LA 2D R R Y O R R R
B

R TR E A BB R I 22, A% W SRS R XU
SO0 I G g 2 5286 AT T RCAL AE o A
i KE N i 55 1) 32 sh 24 BOH BV, FE R A R
F1k iz sh B L R I, P X s Sh A A i R A
HIFER, S P XTE sh 2480 R IFER . B
SRR T S R S S AR IR L R G, TFSR
T R P 25 X L ) 2R 8 B R A R ), BF O 4
A AE R VR R, e AE B 3 A Y K - iz 3 2
01 5% ) i R (G, A A T %) Z2E Fsf ESF ) N, E KA FL
TF1) Py S22 B i [v) ] DA R L R 1 S K L ik s
FE At BRVS 5T 0 B A B AR e 22 R AL T BB AR
it o BORD HE T A AT DA R O A T A AR R IS R) B4
S, R N 2 B BT RN AL R AL T R R R s ] .
T VK SR B RO A N TR
& A, A2 2 BT IR T R Mk Gk B ] AN R A
110 ms [ 2504, 38 28 39 Jn o 23 FLRCK B0 I A
) S BEBERE DRI R 6 BOdme, 78> B FLE 155 1l
TR TR ALRI R A 2R AR A )R R A (U
RS, A5 5 M R AR T R T A Y AR R
FL AN %l Bh L 22 1) di A 4B B VI RN 8~24 ms., PR Z 3
SE0 S o R Bk T 4 E R S A Y, 48 AR
Tvi] — B P 4 AN (] A L v 158 8 el S B ) 2 4% T 45 1 Ak
J7 &, AT AR AR A A R, D E AR . 3l i v
B L A, AT DA i AR ORI A AR,
i PG AR B 7 8 I AE IO, AT DA v e L R
R, I B R R, I U K 24 A TR 2R R IR BE R
SRMT, 76 SEBR N iR 75 B2 5 H IR Fh K 2, O i
— 2B UE A X SO RIS R -

BT R, R 1L 3 A T A R R S
B AT 5% e B w8 A T TRR Mt TS TS T
YRR . SR, T b SR AR R A AT At N A T
R RO I R R, H TR R AR — SN R
FI A D R, 7 58, TEMIFLBE 2 25 M TR Ak . 18
S B AL S R I 2 00 55 T T L R 1 5 Bk %
B AT = HAK R 38 SR 5 vk, WA 4 1 LR
P Ak T s RRR o, 7E 52 B 02 HR AT R A 7 — 5 1Y
MERE . HOR, BRI S E A B IR T FL R 2 4
F . YRR S8 R I 4 A5 DR 3, (RAE S B g H v el
i 27 B At DR 2 A5 0, 010t T A% 1 L R S B vk
BEAF . TESCPR TR B G H R 2P R UE17 48
WL TR J5 ZE Ak, AN T) 45 A0 14 RSUA R 475
BB . AR MBS R] LS & R A R

RN A, A5 B IS HLEA R BE 50k 2 47 4 a4l
W7 R B ReA AL BT, I 75 X AL O Rk — 2D
BOAEANHE), PR I B A 5%
3 B B

i e i % NRN TP R PO EZ R R S IV
AN B g, TR A L T A R 2 B A
TET e 35 B (9 P SR BILE o Rk, ml Ry AR LA 7
6] RN K

1) 70 SR K R RE FUA Rl e AR BE R & 1 AL
WF5E . BEFE B EOR A Wt 2, Al UL R
A 2 B S S, AT S At PR A A
AOBLEE o 3l I AT T AR KR L ) A R AL A
) 25 BT RL ] A%, AT LA ST N S8 ¥ 0 R A R E
VR AR RE RS A VR A 308, A A T i O R A
(9 2 B AL AR A S MR B ARG o 75 T SE AR AR RERE AN
HR A RERS S R U ALBL B S D, AT 2
AR MERG R . B, n] LA ST AN [ S R 1Y
A A RAERE SRR R B R, AR S BCT
B IE R RE A A R AR FERE B C &R o RIS, 38 AT LA,
BRI A e Wi e e SR R
8 IR, Tk — 25 BIF 50 8 30 f 2 % A ) B AR B B A
S A HLEE, S TR S B R AR B T Y B AR

2) R A T 2 % e i R REAL T AR BN
B & B RE AL B A B0 AN Wi JE R P, A 4l 0E e
R B i R BE AL © 28 WO R OR Y A SR T 18] . T
51 RE AL 22 G0 HT BUAL SR AR B, T LS U
R RS B0 3o AR P 14 25 TOURSCHE , I ek FL R AT VA 0 B 11
NCTE S SHL 0 458 A 3 P 0 A ) ARk . 7E R B A
ZGerh, al LA 25 i A I8 i oA M 000 A i o A v A
FISH PIANAR S A A AR AR LR
AR T LT 1 TG 4 9 405 K 5l £ i 1) o e o R 4
S TR X 8 A Y S O M R A sk 4
P FEAT o M A A B W] LLCT i A G A A O, O K
I A AR SR, DA B R AR B AOCR . ROk
TRt — P HE S BEAL AR B A AN, 518 4
HE A MR TR R EOINRL L TR A BOR SCE

3) i K S KO 22 TN R 2245 h i RE L AL A 22l
IS o AR GE IR 2 MO % 2 B SR 2 R AL,
RO T7 A7 AL RCR A BAS L ) 5k 2 5 TR A
T NS ik BB ], 5] RS RO 2 R Z AR e
B REDC AR B — Bl oA A i U7 58 IR BRI
TR 3 T S A A N TR RE AL 2 2~ B, RLHTR
P S5 50 0 R B W RS0 A AR ) I A
o JE AR A S R AL, BEAE A 3k M 18 R A
DE B0 1R e 2 B2 5, DA S I B G O R I ROCR o A



%104

Wr B, S T L E A A R R S R T e e S e B 109

BB B e B R 5 2% B R
RZ, AF AT MM FRRE A 1 280 KR
AE. FLIMZSHAE . XS0 N R 5 B U B DI G, ad
A0 K 2 PR 2R HEAT 2 A A VAL, BE % 1 Bl A R B A
Hff 3t U R R o TR IR S B B AR RE AL AL AR
Bh, S5 EZ G R Z R LR A LA . BN, A A
AR S PN B BBOR R SR B AR B 2 —, TR 3l | M |
AE G 25 UL PP f 138 B 22 4 PR 0 B0 R AR A9 T2 2245 A5 o
A LI 3 2845 B AT SCHR 0 A7, 2 P i A LR
Wi 57, JFTEARRACE T fr i A itk . TRz
Wi 2 N R 295 b REO0 A A B 5 AL A ad 72
LR e 2R A AL Sk BEAT 2 U R . filin,
1L R BB 1 5 T LUAE S80S ) v AT g
ErIR R AL, KRB R RR S & . s
B X LE LA, T LU AR e A R B RO AORS JEE

2 2% 37 ik (References) :

[ 1] e, RAEV ARy = A5 5t ROR B4 (1], &R a1,
2022(7): 2-6.

WANG Xuguang, WU Chunping. Background and new thinking
about intelligent blasting [J]. Metal Mine, 2022(7): 2-6.

TENBO, S AR F, F X B BE MR A (M. bt 06 4 Toll i At
2020.

T, R, LU BT I N R K B R R Sk
ESE ] GBI, 2015(4): 250-254.

HAN Xinping, WU Chong, WANG Mingjun. Design of intelligent

[2]

blasting system in open pit mine based on internet of things[J]. Metal
Mine, 2015(4): 250-254.

R e, BT, AR, A5 BT AR TE O R R BT R g F
Sz 55N LT). ) R B TR 2 2 R (A SRR 27 i), 2018, 37(2):
29-35.

[4]

LING Tianlong, WU Yu, LI Shenglin, et al. Development and applica-
tion of intelligent design system for smooth blasting of coal mine
roadway[J]. Journal of Henan Polytechnic University(Natural Sci-
ence), 2018, 37(2): 29-35.

TR . 2 (BT R R BT 3t K A i R R Y P R [T
P I K 1 % HL, 2021, 40(3): 1921, 27.

GAO Jing. Discussion on application of green, digital and intelligent
blasting in water-sealed underground oil depot[J]. Sichuan Hydro
Power, 2021, 40(3): 19-21, 27.

CHEN C, YANG R S, XU P, et al. Experimental study on the interac-
tion between oblique incident blast stress wave and static crack by dy-
namic photoelasticity [J]. Optics and Lasers in Engineering, 2022, 148:
106764.

DING C X, YANG R S, FENG C. Stress wave superposition effect
and crack initiation mechanism between two adjacent boreholes[J].
International Journal of Rock Mechanics and Mining Sciences, 2021,
138(11): 104622.

IhVK, 22, B, S5 ABRIE N TR 2R B A 9 A% 1 L

[10]

[11]

[12]

[13]

[14]

[17]

[18]

HARI O IE [J]. 2 A A P2 B2 R 2015, 11(11) 2 118-123.
SUN Bing, YUAN Deng, ZENG Sheng, et al. Experimental study on
propagation law of explosion stress wave in bedding joint rock
mass[J]. Journal of Safety Science and Technology, 2015, 11(11):
118-123.

A, NG ARG B2 KR RL ) A% 4 A 1 1 58
F ). A+ 412, 2010, 31(6): 1723-1728.

WANG Wei, LI Xiaochun. Experimental study of propagation law of
explosive stress wave under condition of decouple charge[J]. Rock
and Soil Mechanics, 2010, 31(6): 1723-1728.

AN, 4 BRAE . SiE 1< 24 6 458 R IO T3 908 7 2 K Atk A o o 1 R
PR BEATE [T LR 22 4 (B AR RRD L 2001, 20(3)
1-3.

LIN Congmou, YANG Linde. Analytic solution on propagating law of
stress wave from explosion of extended charge in linear viscoelastic
medium[J]. Journal of Shandong University of Science and Technolo-
gy (Natural Science), 2001, 20(3): 1-3.

WANG R, HU Z P, ZHANG D, et al. Propagation of the stress wave
through the filled joint with linear viscoelastic deformation behavior
using Time-Domain recursive method[J]. Rock Mechanics and Rock
Engineering, 2017, 50(12): 3197-3207.

MG, JA A, . R KR R A 2R B A o £ R R
BB D). KITRH2 BEBE i, 2018, 35(5): 97-102.

LI Peng, ZHOU lJia, LI Zhen. Blasting stress wave in layered jointed
rock mass propagation law and numerical simulation[J]. Journal of
Changjiang River Scientific Research Institute, 2018, 35(5): 97-102.
AT, VF IS, M5 25, T LA R v R O IO g A B LA 1Y
WoE 0], 48" 11, 2016(6) : 49-54.

YANG Renshu, XU Peng, YANG Liyun, et al. Study of regularity of
explosive stress wave propagation in jointed rock mass[J]. Metal
Mine, 2016(6): 49-54.

LI X B, ZHOU Z L, LOK T S. Innovative testing technique of rock
subjected to coupled static and dynamic loads[J]. International Jour-
nal of Rock Mechanics and Mining Sciences, 2008, 45(5): 739-748.
IRAAMR, £, B IR, SF L BE T = 4k HopkinsontT i TR BE 1- 31 &%
F1 A PEREBE ST [0]. B HE S il iy, 2017, 37(2): 180-185.

XU Songlin, WANG Pengfei, ZHAO Jian, et al. Dynamic behavior of
concrete under static triaxial loading using 3D-Hopkinson bar[J]. Ex-
plosion and Shock Waves, 2017, 37(2): 180-185.

B IR, BURE. A AR 3 )8R S 3 0 R (1]
[ PF K225 4 (A SR B ), 2008, 36(12): 1599-1605.

QIAN Qihu, QI Chengzhi. Dynamic strength and dynamic fracture cri-
teria of rock and rock mass[J]. Journal of Tongji University(Natural
Science), 2008, 36(12): 1599-1605.

JEE G RNE, R R T RE S A A 3 3 R
W ID]. A4 12 5 TR 2441, 2023, 42(8) : 1890-1898.

ZHOU Changtai, XIE Heping, ZHU Jianbo. A dynamic strength crite-
rion of rock materials based on energy theory[J]. Chinese Journal of
Rock Mechanics and Engineering, 2023, 42(8): 1890-1898.

BEARLE, S SUAR, G AR, . AR BUA A 3 245 W R0 15 40 WL
AERERL 3 (7] 5 TRy B 2241, 2023, 37(4): 125-136.

CUI Niansheng, WEI Jianlin, YUAN Zengsen, et al. Simulation analy-

sis of mesoscale characteristics in the dynamic fracture damage of het-


https://doi.org/10.1016/j.optlaseng.2021.106764
https://doi.org/10.1007/s00603-017-1301-4
https://doi.org/10.1007/s00603-017-1301-4
https://doi.org/10.1016/j.ijrmms.2007.08.013
https://doi.org/10.1016/j.ijrmms.2007.08.013
https://doi.org/10.1016/j.ijrmms.2007.08.013

110

b E & W

32 4%

[19]

[20]

[22]

[23]

[24]

[25]

[26]

erogeneous rock [J]. Chinese Journal of High Pressure Physics, 2023,
37(4): 125-136.

JRISCHE, WA, LA, S S R TR AR D R ) U A R
HROY BRI (1], J1 225441, 2022, 54(9) : 2501-2512.
ZHOU Wenhai, HU Caizhi, BAO Juan, et al. Numerical study on
crack propagation and stress wave propagation during blasting of
jointed rock mass [J]. Chinese Journal of Theoretical and Applied Me-
chanics, 2022, 54(9): 2501-2512.

AR, 250505, i 2, 45 0 24 2 0T i k0T AR R OR R
19 5 5 00, #3845 5 wh ki, 2020, 40(6) : 96-107.

YANG Renshu, LI Weiyu, YANG Guoliang, et al. Experimental study
on the blasting effects of rich-iron ore with different explosives[J].
Explosion and Shock Waves, 2020, 40(6): 96-107.

WA, B, BRAR, S BT 008 G R TR 2 24 ik A B 1 3l
SRR ST (U], k3l 5 whifi, 2020, 39(14): 80-86, 93.
YANG Renshu, XIAO Chenglong, CHEN Cheng, et al. Experimental
study on the blasting dynamic caustics under different charge weight
based on the fractal theory[J]. Journal of Vibration and Shock, 2020,
39(14): 80-86, 93.

ZEE R, AR, SR, S5 43 B 2 B A AR B 5 R 3 03 AT
R LT B4 5 o, 2023, 43(3): 169-180.

ZUO Jinjing, YANG Renshu, GONG Min, et al. On the distribution of
explosion strain field and fracture field in segment charge[J]. Explo-
sion and Shock Waves, 2023, 43(3): 169-180.

WA, T RE VK. DI 4% 24 60 0 1 1 e 24 % 0 A 3 Bl 2 I 2R
BN B B BE S (). A ) 2 5 DR AR AR, 2013, 32(7):
1337-1343.

YANG Renshu, WANG Yanbing. Experimental study of dynamic
fracture effect of blasting crack in slotted cartridge decoupling charge
blasting[J]. Chinese Journal of Rock Mechanics and Engineering,
2013,32(7): 1337-1343.

DING C X, YANG R S, CHEN C, et al. Space-time effect of blasting
stress wave and blasting gas on rock fracture based on a cavity charge
structure[J]. International Journal of Rock Mechanics and Mining
Sciences, 2022, 160: 105238.

TR, U, A AR, St Ty A T R R 04 1 g i
1k 5 5 155 % 4 BF 52 [J/OL]. M % Bl 2% B K ¢ 1-10[2023-09-11].
http://kns.cnki.net/kecms/detail/11.2402.TD.20230721.1634.002.html.
DING Chenxi, LIANG Xintong, YANG Renshu, et al. Study on stress
evolution and damage fracture of cut blasting in high in-situ stress
roadway[J/OL]. Coal Science and Technology: 1-10[2023-09-11]. http:
//kns.cnki.net/kcms/detail/11.2402.TD.20230721.1634.002.html.
WK, B, BRIR, & RERT A R R i R R RS
BRI R 0] AR B2 1R, 2023, 51(1): 224-241.
YANG Renshu, LI Chengxiao, CHEN Jun, et al. Development history
and new technology research progress of rock roadway blasting exca-
vation in coal mines in China[J]. Coal Science and Technology, 2023,
51(1):224-241.

A, TR, 2R R, A A T T B R A LK 5K
BT D). 50 1% 5 TR 24, 2020, 39(1): 93-104.

ZHANG Zhaoran, DING Chenxi, ZUO Jinjing, et al. Experiment
study on rock breaking mechanisms of two-step cutting technology in

rock roadways [J]. Chinese Journal of Rock Mechanics and Engineer-

[28]

[29]

[30]

[32]

[33]

[34]

[35]

ing, 2020, 39(1): 93-104.

SN, 17 303k, SR, A5 A 0 AR I T B A R A Ak
SrHT 0], R HOR 5 TR, 2020, 20(11) : 4273-4278,

ZHANG Yuantong, TANG Wenda, GUO Shenghua, et al. Optimiza-
tion analysis of two-step cutting blasting on rock roadway[J]. Sci-
ence Technology and Engineering, 2020, 20(11): 4273-4278.
EEK, TRAT, AW, A5 R LB TR AR B X R R RUR 19
m [J]. TRAE 240, 2023, 45(2): 182-194.

WANG Yanbing, ZHANG Hang, YANG Renshu, et al. Experiment
study on overdepth coefficient of the cut hole in coal mine roadway
excavation blasting[J]. Chinese Journal of Engineering, 2023, 45
(2): 182-194.

AR, i, B E R, S S KIS B A S A Ot AL R K
BEPE AR5 9], S8 A1, 2020(7): 16-24.

YANG Renshu, WANG Yu, GONG Guohui, et al. Experimental study
on the ultra-deep length optimization of the excavation cutting holes in
the tunnel of Gongchangling Iron Mine[J]. Metal Mine, 2020(7):
16-24.

P A=A, VRIS, WA B KR R D i 5 AU S IR R 5T (D).
5k, 2019, 39(8) : 30-40.

YANG Renshu, XU Peng, CHEN Cheng. Interaction between blast
stress waves and cracks[J]. Explosion and Shock Waves, 2019, 39
(8):30-40.

XU P, YANG R S, GUO Y, et al. Investigation of the effect of the
blast waves on the opposite propagating cracks[J]. International Jour-
nal of Rock Mechanics and Mining Science, 2021, 144(11): 104818.
AR, TR, B3, 45 S 1 e it g 2 B TR e P 3K
o (1], k8l 5 nhili, 2017, 36(24): 97-102.

YANG Renshu, DING Chenxi, YANG Guoliang, et al. Tests for blast-
ing induced characteristics
blasting[J]. Journal of Vibration and Shock, 2017, 36(24): 97-102.
B30, s A, DRMG, 25 D)5 2 6 ol 0 e gt 2R R TR AL
HRLDD. I 241, 2018, 43(3): 638-645.

YUE Zhongwen, ZHANG Shichun, QIU Peng, et al. Mechanism of

crack propagation of short-delay

explosive crack propagation with slotted cartridge millisecond blast-
ing[J]. Journal of China Coal Society, 2018, 43(3): 638-645.

FEVK, BB, 5T, A TR TR B Y R
MRS B 5T (7). 81, 2023(3): 73-79.

WANG Yanbing, BAO Zhougqi, XIE Ping, et al. Experimental study of
quasi wedge compound cut blasting based on digital electronic detona-
tor [J]. Metal Mine, 2023(3): 73-79.

UL, RIERS, RO, R T EE R BT B IE AL
5500 B LA S IR O AR S 5T (0] i T 4 B2 4l 2023, 37(1)
171-181.

LI Hongwei, WU Yanmeng, WU Lihui, et al. Experimental study on
delay time optimization of tunnel cutting holes and caving holes un-
der electronic detonator initiation condition[J]. Chinese Journal of
High Pressure Physics, 2023,37(1): 171-181.

Wk 3, E8 8, Tk B PR . 75 8 78 5208 T B i A2 7
T4 [ B L %) 3¢ L0 JEA AR, 2022, 40(3): 35-38.

CHEN Zhijian, WANG Mingfeng, ZHANG Yangyang. Problems and
countermeasures of electronic detonator application in an under-

ground iron mine[J]. Coal Mine Blasting, 2022, 40(3): 35-38.


https://doi.org/10.11883/bzycj-2022-0333
https://doi.org/10.11883/bzycj-2022-0333
https://doi.org/10.11883/bzycj-2022-0333
https://doi.org/10.1016/j.ijrmms.2022.105238
https://doi.org/10.1016/j.ijrmms.2022.105238
http://kns.cnki.net/kcms/detail/11.2402.TD.20230721.1634.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20230721.1634.002.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20230721.1634.002.html
https://doi.org/10.3969/j.issn.1674-3970.2022.03.009
https://doi.org/10.3969/j.issn.1674-3970.2022.03.009

	0 引　言
	1 巷道掘进凿岩爆破机理研究
	1.1 爆炸应力波传播机制研究
	1.2 岩石动态破坏机制研究

	2 地下矿山巷道掘进凿岩爆破技术参数优化研究
	2.1 炮孔装药结构优化
	2.2 掏槽参数优化
	2.3 起爆网络优化

	3 展　望
	参考文献

