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Fig. 1 Schematic diagram of time controlled pre-splitting blasting

(b) Sketch of blasting network
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k1 ERBH
Table 1 Rock parameters
zE s FE/(kg+m ) HERE/GPa HEE /N JEMRARE/MPa  PJZ B4k /GPa
XA 2870 35 0.22 120 13.5
=2 ERBH
Table 2 Rock parameters
A/GPa B/GPa R, R, ) E,/GPa '
214.4 0.182 4.2 1.0 0.15 4.19 1.0

2.3 HRTHEE

HT TR RAE A0 B St S ), Sy 1/2 MR AT H SR A M . AR RS 0L R AR
A LML P 2 EAEIRIRE 10 em FRid— A 3 11 50 WA B2 3ie o A~ K A7 BRI 9 A 45
RIANIE 3 B .

YEZi 28 SR ALE 83k A A R A Lagrange 803k . B AT A 400 0« s SUi i (1 il i
A S TR L it o R 20 55 2R A A A% TRt o G 2% 1 S O 0 SR

S
35 175 ‘K
S ’; Stuffing
H
-G Explosive
______________________ B
'E Air
E -D /
AR | B -C
- Earlier Earlj .B
"~ detonated Later detonated detorfated
holes holes oles A
2 JUA R (CBRAE 2 em) &1 3 A PR T 9 A A A
Fig. 2 Geometric model(unit:cm) Fig. 3 Finite element model

3 EUMERESH

FEH] ANSYS/LS-DYNA #EA7 B B A0 2k 72 v o S A0 08 10 AR 8 D0 B ke S A 18 P8 3 R 52 B 19 32 )
R H PR IX EEE Z R R A 45 R . 7R BB BTSSR 0 Fr i A v, 32 88 sk R 7 (E I KNk
G BT A 3k R vp R ) 3 43 A R A B A AR L A R sl b b v A B, T = A Y e
S0 0 5, AR MEAERR A0 25 8 HORE A8 . AR 98 SCRR [ 13-15 0, A IR /Y 3h 25 50 7 5 B2 BN 5 A1 e e r o
1 3 4%, B3 R VR B R A A I ERPTRLIR T N 6.5 MPa, BUA R Sh S PTHLSR EEHCN 19. 5 MPa,

A YA AR B0 Sy 8 5 I 00 24 A b 2 S OB R 2 80 G P R E 3 P 1) 0 i A S AR AL
FLIE
3.1 FEHERTHMBEHR

AL, 7 S ALFLEE N 35 em, JE R FLFALEE A 35 cm AU R JEAT B AL, SE iR FL 5 5 1 FL AR
3 SE IR B] 43551 R 0.25.50,75.,100,125.150 ps. Ar5lc 5% 2 NE L4 b A~ K £ 50 6 77 i 2



55 3 1 RIS - I e 42 o TR 1 2 Bt Ak B s T 505

M2, RIS S5 57— T2 0 T v e KA Cle Kz g 3.
J Ak 4 s,

MNIEL 4 BT LU B, B A 0] ] 2 0~ 25 s CHP
Pt SIRCP =g = NG liNpere 311 -l FNiUE S NE TAIE
JHME A W B a8k, M 22 Al 0. 5 MPa, 41
WImF ] R 50 s B, D~G M5 R B Ty A
25.5 MPa ZE 5305 T 29. 0 MPa Z& 45 , 3% 26 55 fiy
NI AE BT B K Y, BT AR T

Maximum stress/MPa

0 25 50 75 100 125 150

B A ST R) S5 R AL B A T A LR, Delay time/ps

)2 75 1100 s B o M 0 50194 5 K 17 77 {48 4 A [ A A2 S0 A 5 T 098 K LR g £
E T N Rl N 1 RS O p©s M1 oL, 3 T 3~ Fig. 4 Maximum tensile stress

5 MPa; HH SbF B, Y ZE WIS [E] 24 75 F 100 ps B, 5 with different initiation delay times

PR AL A= 08 10 3 A I LS A 22 i DA B8 O R AL
FLBE  IFIE B T 25 FLAN , 0 b 55 05 AL g 98 % 2 A o DT 3 5 17 5 98 AL 22 R) B SR AR . i
éiﬁﬂaﬂﬁﬂjﬂﬁ 100 ps Ji » #8453 i 19 Fe KL B FF IR 1 BRI /) A o #Ae L 136 BH 8 3 e [ ot G, B 4R 7 AR

?FLAU”,fﬂf‘ﬁﬁ%ﬂfzétﬂ’ﬂ“jjfﬁ}:ﬁ%ﬂzlﬂE‘ Z3 3 WA= ) K (N B AIK (=R AN

HRYE 1 3R 23 B vl ke B, A6 i A AR 4D R P A A 30 R ) L T, X B (DR 75 5 100 s B 45 WE I A B
KA B ARRT B K O T R 28 1T k. R Bk, A 09 7S A% A8 U0 B5F ) AT BRCFE 75~ 100 pes

Z 0], S B8k B0 i o 1 428 i IsF ) 7 SR Se kAL R R L 2 A R R (AR 33 6 500 m/s) ok
AT HER
3.2 HEFEBILAERR

RT3 0T IS 9 AL LR B e 42 o) 0 28 % Ak R 1) 5 il O 8 S A AR 1 S R FL LR O S AR A U B )
Wl 80 M,ﬁh? 6 Fft A [ i 4% FL AL I A0 455 780 00 A 5 B (AL
3.2.1 B AHH

k’ﬁ”’jz’iﬂr‘f@%):m FIVE T DR A 5 — [ g DX BE G 25 18 7] 8 5l o PRIk ] DAL 48 45 5 Al
T — B 200 14 7 T 53 A5 5 0K 43 A7 B IR B R SO . RS AE R BT IS L R BRAE 199. 75 ps B AT LA
T AT EDUL 1 S 7 A A 8 ke gk AR b S R L 2 B N R R YE R EL B AT B T R L A5 B A A
199. 75 ps WA ST ANE 5 s

1 &5 AL, AR KR 25 R S 7 AR R K N T I8 DA TR D DAL RE s ) DU R R e 24T K
— AN IR R T VR IS L B 5 245 1 78 1 11 5 1) D3 P 1) 8 Bl s R T 2 TR AT U 1) 2 AN Je MR FL =2
P4 INE g 5 = A T L D (PR 5 R AL 22 180 5 2 A S B L™ 25 1 I g 7 B L E 2 AL 22 18] 25
PRI, I AT S A3 AR X B

S H A3 AN [R5 B FLALEE B B 1 = R 0] B 2 % 2 AN 5 B AL 22 18] B0 8 S 28 Ak T = L S R L AL B
A 0 R B S AR AL AL EE ARG 0, 2 A 5 AL A 7 AR B N 0 AR T TR e 0N . Sk ME R 43 AT
2 AL Z B Y T AR B RO e AR ES R ALALBE B B 2 MR AL 4R L A~ K #5558 — F I
Ty R B 6 4 T A SRS — I R e R G KR )

MNEEL 6 AT LA H o Bl A 5 L AL 8 385 0, 45 W 000 X 7 1) e R A7 IO g (R AR 2 BB U P A A . X
T it 2 LB 1 38 0 s 0 X A B IR AR5 . Y Lo <<60 cm B, H R 4% W TN A 5 K v
g 20~35 MPa, K T sh SH P58 A 19. 5 MPa;s L, =60 cm B, 5 AW S P 1E 23 MPa £ 47 1
M L, >60 cm B, #8430 B KPR T BT /T 19. 5 MPa 115 AL
3.2.2 Bk EEMSH

R 5 2 A AL R A A BRI B 43 e SR A (R S A L L BRI B0 R T 98 AL 22 ] 2
B A~K &AM . B 7 45T A A R A,



506 3 Y 5 i i %37 &

(a) L»=35 cm (¢) L»=50 cm

(d) Ly=60 cm (e) L,=70 cm (f) L»=80 cm

[# 5 199. 75 ps BFAS[A] J5 4 L AL ¥E 1 B 7 = &

Fig. 5 Stress contour with different distances between later detonated holes at 199. 75 ps
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Optimization of time sequence controlled pre-splitting
blasting parameters and its application

Ye Haiwang''?, Tang Ke', Wan Tao', Wang Chao',
Lei Tao'?, Li Xinping®, C. M. Saliou'
(1. School of Resources and Environmental Engineering ,
Wuhan University of Technology , Wuhan 430070, Hubei, China;
2. Hubei Key Laboratory of Mineral Resources Processing and Environment ,
Wuhan University of Technology , Wuhan 430070, Hubei, China;

3. School of Civil Engineering and Architecture , Wuhan University of Technology ,
Wuhan 430070, Hubei, China)

Abstract: In view of the underground powerhouse excavation work by blasting at the Baihetan Hydro-
power Station Project, in order to reduce the blasting-involved damage to the rock mass, numerical
simulation and field test were carried out to analyze the influence of the initiation delay time and the
distance between later detonated holes on the blasting and the cracking with time sequence controlled
pre-splitting blasting, and the reasonable delay time and the optimum distance between post-detonated
holes were obtained. The results show that when the hole diameter is 42 mm and the distance between
the pre-detonated holes is 35 cm, the reasonable initiation delay time is 75~100 ps, and the optimum
distance between the post-detonated holes is 70cm, with joint consideration of the blasting energy’s u-
tilization ratio and blasting effect. It is found that time sequence controlled pre-splitting blasting, used
scientifically, is a safe and efficient method to excavate the rock mass close to the underground power-
house wall, which can reduce the load of blasting, cut down on the explosives used, and limit the
blasting-involved damage to rock mass.
Keywords: time sequence controlled pre-splitting blasting; initiation delay time; distance between lat-
er detonated holes; field test
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