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Table 1 Physical and mechanical parameters of 2* rock emulsion explosives'”

pi/(g-em™) v/(ms™) p,/GPa A,/GPa B/GPa R, R, w E,/GPa
1.25 3200 9.53 276.2 8.44 5.2 2.1 0.57 3.87

1.2 JH2 ZEAMEER

Holmquist 25124 % 1) TH-2 BEAEURE IR T 247 . Wil 8 25 Ma Mk b R e SR B A 80 F i sh S 8145, 1
V2 T A R R R

(1) EOS

EOS #{43 A 4y . RS RE T, R 2R 006 ) p FIRFIN AZ 1 2 8] 5 56 225 765K

025302-2



%38 4 BRI YR U RS I I SRS BT 5 52

J1 AT R LA A5

B { K+ Koy + Ky + Ap Compression

Kiu Tension 2)

K u=p/py=1, p N HETEE, po VIR E L K\ Ky K RS R Ap i T3 6

(2) 5t JE A 1Y

5o JEE A Y [ B 25 T W R AT 0 5 o B MR A 08 B o DA e IR A 8 T SRR S 10 o 9 2 4
AR (D) BIHE ], DAY T 0~1 Z[l. 24 HARFORAL T 58 BORZS (D=0) i, 15— 4l 58 B o B 3 7m )

ol =A(p"+T)"(1+Clng") 3)
4 HER AL F 58 4 W 2L (D=1) B, I3 — 6T 35 B Ry
o =Bp™(1+Clnég") 4)
BOE b BR DA W 240 B R T A A7 B . X T2 B0 RE, 13— f i £ 5 1 3R
oy =0, -D(o} —07) 6)
K4, N, C. B, MM ESEL, p i H—ALE ), TRIH—HTHREE, & I — AR 2
(3) i 1Y
ARS8 B 5 B 5 A% 5 JRE Ao 9 14 48 78 i m] L Ro Dy B)
% ©
g =Di(p"+T)” (M

s Ag, g — TR BF v S5 2500 1 10 732 ) 38 6, & R 1L SE TR T W B4 SR ROBYE RN S, D, D, i
P %
GEAVLLLAE AR B 5E 45 RN = A REE (P 3 7 2 vk BP0, 19 85 4 (%) TH-2 24k, Wk 2
Fros, Ho: p, FEE A MRS B, £ R WERR S ST R R, ¢ B IR
R2 BARIH2XHWBH

Table 2 JH-2 constitutive parameters of rock

0,/(kg'm™) K, K, K, f/MPa T &l
2941 46.6 -18 3980 70.59 7.68 0.25

A D, D, B N 7t/GPa c
0.7 0.005 0.7 0.23 0.61 30.09 0.005
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Fig. 1 Layered height and blasting hole layout plan

VELGHRIE 22 Rl N 1 5 VE R 45 58 o 400 300 LA 0 e R oA 2, T) 48 A= SN I 2 Ji
PRETT BT 5 A AR Y I i BB, T 2 SR PR W SR S MR A 2R . O 1 BIFSEAE AN () S S B )
AT AR A R DL e — RO B SRR TE U 0, B T R AL 1L 52 B TR 2R A, 3 8 A A L 2 B
2HE 24 23 R T N A ) 2 R AR I ) P = ERICE R Y | 2R R PR A e, A B I [ R A T 1 s %%
RHBR A 2 50 /0 L

2W  2a b

At1:t1+t2+t3:_+_+— (11)
Vp Vi W

025302-4



%38 4 PRIEE: ME YRR RS H 5 52

Vf:Jﬁzm;:Ja+iiﬁ§LMz "
v, =0.05v, .
b = 1rpy/0.76Z “
Tra 4 7_70
Vo= 219;; (Pota_H) -

S S SR I 0 AL B TR AR BHIRD, ¢, S ZEEOE T ER], ¢ R 24 5E T8 B AR R B A AR Y TE
JE I 5 I 1), W Ay B /NMIRBTER, v, R A NI, @ S o7 T 3 7 AR A 1R DX 2 A, v, S T VR TR
U B, b BB TR, v, R SURME N R R, AL u WEEL p, WA A
B,y HIARS L, E, N i, r UL EAR, po WIEIKE T, v WA RIEEL, o WRBKE, Z. H W
B, 1, R SRR K B a]

MRAETTA, wh o JEA L AN ) i L A SE 39 BsF a1 [R) B8 249 8 12 ms, J2 18] SE 1B AT 29 8 18 ms. 353 WA
TR . 75 A A B2 5 8] R B e e 5 7= 2B W R 0 i S s e, TR HRAE L. T 2RSSl L2
kgL, b2 E LA SE I A 20500 00 12, 18 130 ms. 5% A MR 45 R KW, F 2Tk
EHEL 25 ms 5, N 23R FL AR S ALEE 25 0T E A 7 AR i A BRI AR G B . 7 R B: AN R B B
J1ue S, Ras et 2 A B R T 25 ms, O T RARBUER LTS, R 2L FEEmA. L2
Pkl b2 R LAY SE T R[] 4350 R 0 12, 25, 37 ms.

WA O R AR IRl 0 A FL O K FE Wi s, 2 25 4L o0 PR L, BE 2 A8 £l 0.5 m Zb 345 4
oA, EWTASEIL b, BB R L 1.0 m b5 4 5 8 AN A A AL . LA B K 1 i,

22 —RHFEasSRpEE

K H LS-DYNA B R A B — BB I, 3 Fr = 4525 A 3028 DTl B i 8 iU 8 fy ok A2 . i e
7 R A L R KBO ], g — e W E R LA A SR, 4007 )2 8] 8 4 0 s [ 7 — YR
PRI AR, A AR AR RN T AR R 2 B R AN IR 2 R o A A IR A B A k3 AN B BB,
(1) KEZG AR5 , 152 WA T FLRE, AR LR 1B 26 B DI IRAf 5 (2) K43 i it I8 i e 4 - 55 1)
T URATY , 8 52 U0k S s U A IO 7 38, B IO 0 3 PR B, 7 D8 A D e A G A A AR e A
Tis (3) B J1 WA A b &, 24 ) ) P 3-8 2k 5 AR B PR B, A A AR B R A

 =300ms £=35.0 ms 1=45.0 ms =55.0 ms
B2 HEAPIHEAAN G

Fig.2 Wellbore rock damage process in scheme A
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Fig. 3 Damage contours of wellbore rock
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Table 4 Performance parameters of 2” rock emulsion explosive

Density/ Detonation velocity/ Brisance/ Explosion power/ Explosive size Quality/
(g-em™) (m-s™) mm mL Diameter/mm Length/mm kg
0.9-1.3 3200 12 320 145 400 8

Filling 20m
material '
y
Y
Explosive
32m
Electronic
detonator
410 level Bamboo 12m
tube
Explosive
24m
Electronic
detonator
Filling 1.2 on
400 level material
(a) Aperture and borehole arrangement (b) Borehole deviation (c) Charging structure

T ML E SR

Fig. 7 Borehole layout and charging structure
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Fig. 8 Blasting effect and 3D scanning results
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(a) Numerical simulation of (b) Test scanned wellbore profile (c¢) Comparison of profile results
wellbore profile
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(d) Comparison of feature section area
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Fig. 9 Comparison of numerical simulation and field test results
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Precise Time-Delay Blasting Parameters of Stratified Single
Blasting Well Completion

LI Xianglong'?, YAN Shigian"*, WANG Jianguo'?, YAO Yongxin', HUANG Yuanming’

(1. Faculty of Land Resources Engineering, Kunming University of Science and Technology,
Kunming 650093, Yunnan, China,
2. Advanced Blasting Technology Engineering Research Center of Yunnan Province Education Department,
Kunming 650093, Yunnan, China,
3. Yuxi Mining Co. Ltd., Yuxi 653100, Yunnan, China)

Abstract: To investigate effects of precise millisecond time delay detonation on the layered blasting in a
single well completion, the millisecond time between holes within the layer was determined by theoretical
calculation, and the JH-2 rock model was used in LS-DYNA software to simulate the precise delayed layered
detonation in a single well completion blasting of large-diameter deep holes. Blasting effects of two types of
delay time were compared, and the process of rock damage evolution in the wellbore was analyzed, finally
field tests were conducted to verify the delay time parameters. The numerical calculation results revealed that
through considering a comprehensive analysis of the dynamic rock damage process, the characteristic cross-
sectional area of the blasting chamber, and the extent of rock damage, a delay time of 18 ms between layers
of blasting proved to be more effective. The optimal delay time was determined by theoretical analysis and
numerical simulations. Both field tests and numerical simulations demonstrated that the wellbore formation
closely matched in the selected cross-sectional area characteristics, with a similarity ranging from 83.4% to
96.6% and an average similarity of 92.4%. This study highlights that the precise millisecond time delay
layered blasting method, obtained through the combination of theoretical analysis, numerical simulation, and
field tests (referred to as the “trinity analysis method”), providing reliable and accurate results. It holds
practical value and is of significant importance for guiding real-world applications in single blasting well
completion projects.

Keywords: single well completion; millisecond detonation; rock damage; stratified blasting; precise delay

025302-13


https://doi.org/10.11883/bzycj-2021-0471
https://doi.org/10.11883/bzycj-2021-0471

	1 材料模型
	1.1 炸药的JWL状态方程
	1.2 JH-2岩石材料模型
	1.3 空气本构模型参数
	1.4 填塞物本构模型参数

	2 一次成井数值模拟
	2.1 分层高度及延期时间参数确定
	2.2 一次成井岩石动态损伤过程
	2.3 岩石损伤范围分析

	3 一次成井爆破现场试验验证
	3.1 爆破参数设置
	3.2 爆破成井效果分析

	4 结　论
	参考文献

