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Applicable Conditions and Limitations of Industrial
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Abstract: The advancement of industrial electronic detonator technology and growing implementation of hole-by-
hole initiation methods have drawn significant interest in open-pit blasting operations owing to their precise timing
control , effective vibration mitigation capabilities,and potential for enhanced rock fragmentation. However, in practical
engineering applications , especially under particular geological and blasting conditions , hole-by-hole initiation demon-
strates some technical constraints that need systematic examination. This study, grounded in field operations at a

Qingyuan limestone mine with a 15 m bench height and a 152 mm blast-hole diameter, explores the feasibility of
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hole-by-hole initiation in challenging scenarios, including large resistance lines, by combining theoretical analysis

with field comparative tests. The findings reveal that under these specific conditions, the sequential action of single

holes’ in hole-by-hole initiation channels explosive energy predominantly toward lateral free surfaces,resulting in in-

adequate energy distribution at the toe line. This phenomenon adversely affects rock fragmentation quality and ele-

vates toe zone failure occurrences. The experimental results demonstrate that hole-by-hole initiation generates notably

shorter muck pile throw distance compared to row-by-row initiation ,accompanied by an approximate 4% decrease in

bulking factor and generally diminished throwing performance. Building upon the synergistic mechanism of stress

wave propagation and explosive gas expansion, this research provides additional clarification on how row-by-row initi-

ation facilitates comprehensive rock mass displacement through coordinated stress wave interference and gas pressure

interaction , thereby demonstrating superior performance in addressing large resistance lines and improving muck pile

morphology. The research comprehensively outlines the optimal application scenarios for hole-by-hole initiation, em-

phasizing its effectiveness in vibration-critical zones and moderately hard rock formations with uniformly distributed

joints. Conversely , thick structural planes or projects demanding high material displacement and fragmentation are not

suitable. These findings offer both theoretical foundations and practical recommendations for appropriate detonation

network selection and precision design across diverse engineering contexts.

Key words:;

burden; blast mound morphology; applicable conditions

TP TR N AR = AUR R, AR
FRYAE IR 5 T Al i O 34 sl 1 BAR
FRRE TR IR HEALTT ) A e o e B EERE 1 K SR 3%
FLARKR A, 00 D B M AL A ST (Y HR SE I
57 AR SE BN T 1) 5 1) B -5 2 A0 A AR AR B
JZ A SR TR BRSO B B R EOR AR . B AT, [
WANEA ABESE S B S B19E H IxE ARTE FE R
BN A R R 3 5k LA B ek
VT TR A WAE AR 3 Ao LA AR e T o £ 9
B 22, O B S  B 2 R TT 1) 2 —

TE 1 8 A0 W AT BT R BN B e T 5 Bk rp
L, MG RIS CR T 35 7325 HAR) \ T
VRT3 JE 1 H R SR g M P R 2 A T
i, B AL RO A 52 BRACR 5 BE T 2 (8] 4715
—EZEM ., BRI (1) RIBHRE RN 5
—HEAE LD LI Al R AL, A R B 16
Mrey B A R, S OV TR B AR BT AT 1 1 BE
A AN AL, R A B AN TR, 5k B RIS e JEE T
15 0.8 ~2 m; (2) BRHEIE A RIS TUY] AR B 4l
PRRIE /0N A HRCRE AR AR, S DA 5 5 M R B A A
SEZRAE AR T HE (B AR, W] RE S R SRR AR
X EEIMR TR, 32 FL AL H B 5 T Ak
JRZEAEAN TR HAR S DIH G, A e Bt — 2P R
A RIER RS s | AR SO L )
L+ 32 LA A H AR AR R 15 52 1] T 10 Ml o 5
FRRRAE? A MLB EA RHRIT L SR 1F T — AT
TE SR BRAE?

N ARG A IR IR, AR SCHE T T RSB, SR

electronic detonator; hole-by-hole initiation; row-by-row initiation; rock-breaking mechanism; toe

BT 5 B O S A 255 MOS0k |
5, WBEAHLEE A AR IV ) S R KRB 5 A
FHBEIE , A7 22 FL AL AR5 HE 8] L AR A I 1 375704 e
TR AR S A B AIL R 7 1 AR S 2 S DR
# HEERRE . HR 7RIS m R X s IR T
IR xh Le i, 7 2 ] B 2 1 AL IR SRR B Y
Henih b, 70 2R AL S HE R R 7 3, AR R
FAEARE R RHERN R R PR S5 G A LAY
T 2 A e s S BIE T, W2 Lk
FREOR S 26 1F 5 R IR, O TRk % 501
107 RIS E AR

1 ZFLEHE R EVIEREIE ST

B FLRIGHEVIE N
BALEARIE AR BIAZ O AE T AL 728 T
AL , B LA Jg— AN ST AR BT, RS R
T FE IR YRS

PEHHLRE . HBIA R o R B —Fh 45 0y
i, B, B LRSS | RN ) 5 i R 58
SV, 5T AL R , — 35 7 LR R A I
23 RN BR T A R R B S R A BT
ol A B R R R D R, SRR LA R
PRIEFLONRE T —ANH R EIT R A i, 85 75 fL
F R SRR B R ey . B, X RORE B 24
BRI 6] b AT 0B SR R, R B
WA R R Bh A0 , WA 7T 3% 25% ~ 50% Jt 3
TR BB X
2 BHLIR AT SRR LR ) ML (Y [ AT B

1.1



H4a3E H3H Wiz i, XUSCI, 259 F 4 Tl i 1 7 4 28 LA MR FH AR 1 S SR B 251

TE 5 — AL T I R S AL I B EE ot . A
LB 388 AL, LA M i AT A~ A
H AT, T OGS A IS SR BT 2 0y 1) & — N E RIE A
ZYAAAR . FRANELAL A RE A BR LA FH s ) o, AR
o de/ MRHTL I, K3 K e 2 O e 1] BH ) de /N B4

i el TR, 35 SRR B R g 0 g R
AR B e 0 RS Sl R RS , T TGV A R A A
A= T WA IRV AR D | S BT I HR AN R Y
IS AEAR IS

G L
Iniil;ilfleez;ne Influence zone E:f:,:?’
4 _b‘%’ _ ofholel ¥
~ 3
R
6.5 _ \\)&&“\f «9‘:\_0
N S
N \2 B3
4 3 2 ° 1

BILEBF: 1-2—-3—4

Initiation sequence: 1—2—>3—4

B B AL R AN LR BT 1] 2 ]

Fig. 1 Analysis diagram of blasting direction for a single blasthole in hole-by-hole initiation

I, i B SE AR T K K e Bk = Dp IR A%
IO, X R 1 R A PR O e s, LR RE T 1Y
AN AR RE R T IE E TR AN S REE B, 4t e 4l
PRI E v, (m/s)

nk = %mvg

vEe)
2nk
vy = -

Kby WA REEA R (FORIEA RE R T i
WA AR ) s E ey EIERE R, Jsm Ky
PR AR kg BFLEE R FREE /0 HL, B RS
PRAE Pt ), EERE AR R ) HCHE DR AR
RGBTy 338 B L HE TR AR, 2 B PRRCRAE |
FATBEEAR
1.2 HEEBHEIIES T

HETA] SRR FH * [R1HE 3 [R] L HE D0 B 2 o A
3, B FHE LR s g, HE 5 HE =2 )% — e (i 22 It
[T R 4%

PEABUBE (BT X RHRAT LR 5 R HEAN U ) 1A
KRR FAE T H = A W P RIZLN o [FHEME AL
F R AR , L7 AR 4 I T I L A £y Tl AH B8
RETE A AR TR B — A~ 51 Ry 5 KRN 8 5] 1 1 7475, [
HEM AL IR G , FLIRIRY 737538, X Fh 28 A i
LB EE LR Ty 1) 9 7 3 5 3 1 ik, A R TR B 28
2B BB I R L SRR TR R Y
TSR I VE R < [ HEM L AR KE SR R & T8 %
— MK IE T, A 136 B R A A7 A — A
AR IR TE" RN B2 " MR . X AR IAPE B Ha T
77, R AT 5 kb 5 RIS AL HRPT M 29 3, DA TTTREAT 2K

AN IR A A, B R R, X
TR oA PR A 0 IR R HE B 5 (R L PR sl e AN o
BRAYIZ 2h 7 5], 38 2 HE TR] 4E B 42 1, S 4 H0- Mk
U (1) B 25T, foff A5 A 1R BT R i PR s o
T H.

2 SAHIL B - HE e R A% 174 o) B ) B U 3 )
Mo RIHEFLSF I S BUR R B2 3 i, (45 0
YRR = TR AL . A, Jo HEFL Y e
BT I B S VR R, & S8 A Y, 77 A K
Heald B4
1.3 HIEXILERZ

A OB JRe R R RS 2RI I TE 25 5 R L
HXFHeang 1 i

2 Pkt SRR L7

2.1 TIE#R

U UE AT R B AT, AT ST A B A
JRATH IREAT T A% B B 0 HE i o a0 X Jal
JRAAMRRE o B R [ VR R AL f =8 ~ 10, A 1%
JELN 2.7 ¢/em® E RN R B A A £ 3, (]
B 1 ~2 m, SRR LR S A R S
S o

BEe R 1S m [#5E & B s B, Bl AL E AR R
152 mm R =M A FL 7730, FLIEE 6.5 m, HEHE
4.3 m MR 1.5 m, ISR ORBE LS — 8, JE25k
IR UNEZ (B FE 1.15 g/em’) | S0t 55 1
HRES 2 (S ek ) | Jr HEm] e 25450 . il
XA SCHERFIEAE T2 1 HESL MG 6 ~7 m IR ALK
PUEK, S %t Lo Ak 4 7 SR O 47 B i T SR Y

ES



252

1/

2026 49 H

x1 BAlERSHEEBRHANESENILE

Table 1 Comprehensive comparison of rock breaking mechanisms between hole-by-hole initiation and row-by-row initiation

FREE bR AL HE IR
Characteristic indicator Hole-by-hole initiation Row-by-row initiation
B FRE AL S T (e B3 ] P
Core feature Single-hole , asynchronous , sequential Intra-row synergy , inter-row sequential
FI p A IR BT 1 i T I# 5 F Fh T 16
Free face utilization Sequentially creates new free faces Fixed free face direction
ISR & =31 I [h] L fry 32 8 0 z5 () g S

Stress wave superposition

e AT

Energy action mode

gk soliine
Resistance-line

overcoming capability

HEIE S
Muck pile morphology

R IR 2

Blasting vibration

PAYE A
Typical applicable

conditions

Continuous superposition in time

SR, S 1) R
Dispersed utilization, prone to
lateral release
55, RARBHULES 5 7 A AU
Weak , prone to toe formation under

large resistance lines

AT/, B B AR
Relatively smaller throw distance,

relatively lower looseness

AR/

Relatively small

PRBNBURIX I, P LR A, T

R BISIRA R B R 5] B BOR T 00

Vibration-sensitive areas, medium-hard or

softer rock ,rock mass with uniformly
developed joints, scenarios requiring
high fragmentation uniformity

Concentrated superposition in space

Gerp M, 2 17 PRI HG T
Concentrated utilization , directional
synergistic lifting
SR, BEAT RO IR KAk BT R
Strong , effective in overcoming large

resistance lines

POBEAAENS I, H BIRE AR XS 4
Relatively larger throw distance,

relatively better looseness

(PSR ON
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RARPTLL T0L, BOR m e |
TR AR I T
Conditions with large resistance lines,
scenarios requiring high throw distance
and high looseness
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Table 2 Comparison table of key parameters in field tests

2R Ti % A(BALERE) Jrg& BOHEMIELR )
Parameter category Scheme A ( hole-by-hole initiation ) Scheme B( row-by-row initiation )
W 5
ALMSR(ALEE  HEE) 6.5 mx4.3m 6.5 mx4.3m
Hole pattern( Spacing x Burden)
AL HEER 3 3
Number of rows
JEAARDTZ
Toe burden (6~7) m (6~7) m
F—HEAL R 2 B
Charge per hole( 1st row) 250 ke 250 ke
TR 2
200 k 200 k
Charge per hole(2nd & 3rd rows) 00 ke 00 ke
LRI FLIE] 17 ms, ] 42 ms HElH] 65 ms
Initiation timing Hole delay:17 ms,Row delay:42 ms Row delay ;65 ms
BT BAL S P, I T [)HE MR A, T S g
AT . Single-hole , asynchronous , sequential Intra-row synergistic action,
Core characteristic

stress wave superposition inter-row sequential initiation

H% G R 22

Throw height and collapse degree are uniform

K2 AL SRR HE ) R A0 L B (D@2 B LB FLk AR D@ HE ] kit )
Fig. 2 Muck pile profiles ; hole-by-hole vs. row-by-row initiation
(D@ : Hole-by-hole initiation ; 3@ ; Row-by-row initiation )

2) SR RARITE BE SN [E UCREBE, PR T AR ML Z R, TR B
(1) Bigiiid (HEMEIEC AR ) 488 )5 5 B AR, n] WLAR AR 2>, 3k

Tr g ACEALERIR) R AT T 45D(D R DR SEp el Bl 1 BUAE 26k 13 51
EFLEAR) I, B ETRE H BELE A B AARIE, AL AR AR RS SO
Y EEAE 0.8 ~2 m 2 [A], WA TR AL AT —



254 e 2026 4£9 A
*3 BEESEAIE
Table 3 Quantitative comparison of muck pile profiles
. _ i & AGESLERER T % B -
b CEALEAD ( b
Evaluati i Scheme A Scheme B I .
vatuaton metre (‘Hole-by-hole initiation) (Row-by-row initiation) fiprovemen
YL INSEN
1.42 1.4 49
Muck pile looseness coefficient 8 s
PPHHEES/m T% it
Throw distance/m 28 -40 4 -43 Approx. 7%
A5 15/ m s s 0% S
Muck pile settling height/m ' ' Approx. 40%
Yﬂi@ﬁ‘@lj\‘{lﬂﬁ( L/ﬁmEEE) 14% Z—EE
Fuel consumption of hydraulic 64 55

hammer( /10 kt rock )

Approx. 14%
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ion method is adopted, with the toe level of |
i :

K3 LR AR RS AR OO0 (D@ EALZ Ltk Q@R MR )

Fig. 3 Toe rock : hole-by-hole vs. row-by-row initiation

(D@ : Hole-by-hole initiation ; 3@ ; Row-by-row initiation)
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Table 4 Quantitative comparison of toe rock effects
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Table 5 Decision matrix for applicable conditions of hole-by-hole initiation technology
PR Y I H AR i AT ARSI

Decision dimension Suitable conditions Unsuitable conditions Optimization/Precautions

R T A A (F<10 ~12)

NN BB A 2 (/> 15
5% P (1B <1 m) e )
e - SR ARG F el s e = ‘ s
5 TCJR 23 I 2= i JEE TR 5 24
M5 A . A MM o "
) Medium-hard or softer rock . iz LI S5
Geological Extremely hard and intact rock (f>15)
© (f<10~12) 4 Bottom charge enhancement
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Uniformly developed joints . Denser hole pattern parameters
. weak interlayers
(spacing <1 m) U I thered
Absence of thick ,weak interlayers fequatly weathered zones
PRah P hy o — 2R [SRIIEE SN N OSSN
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. o _ AR
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High fragmentation uniformity required Rapid mucking and loading operations Ot DI IHAton patieris
Safety control in complex environments No specific vibration restrictions
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parameters
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Burden-to-Spacing ratio m >1.5
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Optimize hole layout parameters
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