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Fig.2 Schematic diagram of the experiment
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Fig.4 1¢ diagram of fragmentation size identification for top-to-bottom initiation blasting
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Fig.5 Schematic diagram of fragmentation size identification for bottom-to-top initiation blasting
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(a)Fragmentation analysis of lower deck with 6 ms delay ~ (b)Fragmentation analysis of upper’'deckwith 8 ms delay
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Fig. 6 Point-line chart of fragmentation analysis (lower deck 6 ms delay vs. uppér deck 8 ms delay)
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Fig. 8 Geometry and dimensions of the numerical model

(a)Bench blasting simulation design (b)Mesh generation of the blasting bench
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Fig. 9 3D illustration of the numerical model
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Table 3 Constitutive parameters of rock material(23]1 (241
) Elastic Compressive Tensile
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Fig. 10 Damage and crack propagation during decked blasting
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Fig. 12 Blast hole layout /SW
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Table 4 Experimental blasting param(ter&

Test No Sch;r;lﬁtg: of In-hole  Bench Toe  Number of diaggtlzr/m Hole st:;m Stemming Charge per Powder
. g delay  height/m burden/m  holes m spacing@ r&; depth/m  height/m  hole/kg  factor/kg'm™

structure \X
- L 4
10 19 25 4 90 & V 198 58 85 0.305
2 decked 19 25 4 2.5 20 3.5 85 0.305
charge
A 3 decked = Lower 5 55 4 4 25 199 34 85 0.305
charge deck 6 ms ! ’ ’ ’ '
decked  Upper
4 et el 10 /@3\ 4,\ 90 4 25 201 3.6 85 0.305
~ 2
1 Cocn}:;r;;;)us 0 19 Y{& 4 90 4 0 20 6 85 0.305
, decked % 4 90 4 25 202 37 85 0.305
charge
e
B 5 decked  Low 9" 25 4 90 4 25 201 35 85 0.305
charge d

4 ‘ii;?%ﬁ“\s 19 2.5 4 90 4 2.5 19.8 35 85 0.305

A, B AL E AL NS A BT B AT S0, B E AL E I LS R B A B A
WA LRI S, JEFLAFAE Im A4 TEIR, FLIAZEIA 1 E 17ms. KA NUBOX-8016 2% #k
IR iSensor # GEAL BB IR RAE R AN AT R, MSAA B FE 13, SGoihic s brgag
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Fig. 13  Field blast vibration monitoring éxﬁo
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Table 5 Statistics of M e ;Tym

/ Boulder yield condition

Total blasted
Schematic of Maximum
Test No. volume Volume of Boulder
charge structure boulder
boulders yield
boulders dimension
1 Continuous charge 2030 25 266 2.2 13.10%
Decked with
2 2030 19 152 2.0 7.48%
A delay
3 Lower 6 ms 2030 15 61 1.6 3.00%
4 Up ms 2030 18 88 1.7 4.33%
/ ~

%us charge 2030 23 213 2.1 10.49%
-
\ ecked without

2030 21 168 2.0 8.27%
B delay

3 Lower deck 6 ms 2030 13 89 1.9 4.38%

4 Upper deck 8 ms 2030 22 108 1.7 5.32%

XFGETE 2 AT 20 b 0] DA 28 2 AN AR (1) 264 T 0 B 24 5 R I3AR6 F 1) K e xed L 4
AT T 3.92%. B 6ms (AR ER T2 RILA N LUIE LR 25 R % T 8.11%, XL/ Ba o iE Ji e
PERFET 4.19%, B 8Sms IEWEME T KPR A LR ZG R % T 6.97%, i Ho/r B I ke 1
TFET 3.05%. TEAREISEIGAEEBIE /RIS T, @A RIIIAIEIE, #hil B ey
SRAE PR LU T AT A A
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Fig. 14 Post-blast fragmentation display /SW
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Table 6 Statistics of blast vibration veloei \
Schematic of
Test Measuring Stand off
charge x/cm: m-s z/cms’! PPV/cmrs!
No. Point No distance/m
structure / Ve
/
'
1 44 / 3.98 3.38 5.43
Continuous
2 63 2.61 2.10 3.31
charge
3 2.58 2.04 3.18
1 2.27 3.63 5.15
Decked
2 6 1.47 1.29 1.41 1.47
without delay
3 77 1.40 0.60 1.06 1.40
A
37 0.97 1.60 3.24 3.24
Lower deck 6 '\
61 0.61 1.12 2.30 2.30
ms
3 78 0.75 0.95 1.25 1.25
43 2.38 2.80 1.56 2.80
Upper de
2 65 2.01 2.27 2.43 243
‘m -
3 84 1.29 1.34 0.94 1.34
-
/.' 1 36 5.07 3.02 2.29 5.07
us
X‘ 2 61 3.52 2.69 1.71 3.52
charge
A/ 3 79 2.73 2.00 1.61 2.73
1 38 3.33 1.83 34 3.33
Decked
2 60 2.53 1.98 3.08 3.08
without delay
3 77 0.75 1.06 1.61 1.61
B
1 42 0.80 1.88 1.90 1.90
Lower deck 6
2 64 1.12 1.63 0.99 1.63
ms
3 82 1.20 1.02 0.76 1.20
1 41 1.89 0.99 2.32 2.32
Upper deck 8
2 60 1.97 0.98 1.24 1.97
ms
3 80 1.47 0.83 1.03 1.47
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Table 7 Statistics of blast vibration reduction ratio

Lower deck 6 ms vibration ~ Upper deck 8 ms vibration

Decked
Continuous Lower reduction ratio reduction ratio
Measuring without Upper deck
Test No. charge/cm- deck 6 Vs, Vs, Vs. Vs.
point No delay/cm-s 8 ms/cm-s!
sl ms/cm-s’! Continuous Simultaneous Continuous Simultaneous
1
charge decked charge decked
A 1 543 5.15 3.24 2.80 40.33% 37.09% 48.43% 45.63%
3 3.18 1.4 1.25 1.34 60.69% 10.71% 57.86% 4.29%
1 5.07 333 1.90 2.32 62.52% 42.94% 54.24% 30.33%
B

3 2.73 1.61 1.20 1.47 56.04% 25147% 46.15% 8.70%

Table notes: [EIRF = (WL RIEME - A7 RIEE) / X7 RIEMH *x 100%

& 6. 7 AIAL, ZIG A, WA OEAEFSm %%, RISFER 1 40m. 60m 1
80m HIMI FEE RS Ao Ay, WROTREREZEL 15 A0 3 5l s 7y s 0) U B IR 3 MR A ita®s, B1xF 8 Tk
WARBE ARG A A, 3T 150 AL S B 6ms SE BRI 70 Belp AR e -1 23 PR IR FAE 40.02%,
283y 3 5 I AL AR T BOICIE IR AT X PR IRZEAE 18.09% . 137 % /5 I i b BB 8mis ZE SYAH X
T BTG IR AT S AR TR AE 37.98%, izt 3 il s AR MR TG I IS T 2 PR AE 6.5%
Zra R g Rl A, IR S5 N N B oms IESRN A 8ths GE IS WA RUEARHRS) .

4510

AT LA 73 BORS H PO SaE IS TR AR AL W RS RO R s LB, SR TR SEIR 454 RHT 1R
LA AU, IRl B S TSk H R LR iR
(1) e VR Aok A PR S0 o A R R P AP R S A 0 M, ARSI T L N 22 A0 SE 391 73 BOEC AR A
B BOc i yhiEsg, T BOEW oms AEBUEN] 8ms I BAT SR AR BIR SN ATRLLT 15 A B L
Ry LA REEARIBROAR A F R, KR, JRERICR .
(2) KM SPH-FEM it fAhE 1A K AL, LD e LA AL N 7 BOR RIS RS, EDWR R
FLAZADSE )7 BOR R ARAL BT EATEE . X e BOCIEIIAN T B 6ms SEH, 1B 8ms SEI 15
AL, TIARALA > BOE IR RE A AGR M RE R A, [FRHE mxba A R BeR, A B TIRR
P EE PR AR AT T RO
(3) BRI, R BE oms SEHIAIN 5 70 B SE AL i1 2 AR 40.02%, i34
PR 18.09%, ST PSRRI A RAFORIER EEA IR A, 1Bt 8ms ZESIARXT 5 70 BOIC 12 3]
ARHRAEIT X PRI IRA37.98%, i P B IR A 6.5%E HI T FA SR, PRAIETL AR E PR AR -
.
(4) ZREINns, BUEBAN S INIAE RIS SRR F 75 SRS 73 B 25 i s B & PR 4L
WEMIEW], GeABEEmBEEAM MR, FEACRHRMBEIREN AT F 20, BRI R AT H M
S 24 AR RBUR AL A T A S 8] B ke 245 1R
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Study on Effects of Deep-Hole Decked Blasting Based on In-Hole Delay

Optimization

Hu Zijie!, Li Hongwei', Shen Lixu?, Liang Hao', Wang Zhen', Wang Weiqin?, Ma
Ke?, Chen Yequn?

1. School of Chemical and Blasting Engineering, Anhui University of Science and Technology, Huainan 232001, China ;
2. Inner Mongolia Kangning Mining Co., Ltd., Inner Mongolia 017000, China;
3. Anhui Leiming Blasting Engineering Co., Ltd., Huaibei, Anhui 235000, China.

Abstract:To address the issues of excessive boulder yield and severe blast yibration commonly
encountered in continuous charging and conventional decked blasting without ‘in-hole/delay, this study
investigates the influence of in-hole millisecond delay variations on the fragmentation performance of
decked blasting. A series of model-scale blasting experiments were conducted,-ificorporating vibration
monitoring and post-blast fragment size analysis, to systematically evaluate\the ‘effects of delay time on
blast vibration and rock fragmentation. Numerical simulations using ANSY.S/LS-DYNA were performed
to reveal the rock damage evolution and muckpile throwing process under delayed decked blasting. Guided
by the experimental and numerical results, limited field validatiofi tests were carried out to confirm the
feasibility and advantages of optimized in-hole delays underiactual“working conditions. The experimental
results demonstrate that, under identical open-pit mining Cenditions, the upper-deck 8 ms delay scheme
(i.e., bottom deck initiated first) reduces the boulder yield/by 3.05 percentage points and the near-field
blast vibration by 37.98% compared with decked\blasting/without delay, while also reducing toe residual.
The lower-deck 6 ms delay scheme (i.e., top” deck<initiated first) reduces the boulder yield by 4.19
percentage points and the near-field blast vibration’by'40.02%, with improved fragmentation and throwing
performance. It is concluded that setting a reasonable in-hole millisecond delay for decked charge blasting
according to site-specific conditiong’¢an effeetively enhance energy utilization, decrease boulder yield, and
mitigate the adverse effects of blast ¥ibration in open-pit deep-hole blasting.

Keywords: In-hole delay;/Déeked blasting; Deep-hole blasting; Model test; Fragmentation analysis;
ANSYS numerical simulation; Boulder yield



