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Experimental Study on Pre-splitting Blast of
Underground Caverns in Fractured Rock Mass
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Abstract: The geological structure of the Ying Liang-bao hydroelectric underground power-house is complex due to
the development of surrounding rock fissures, messy lithology, and a rock body with " hard, broken, miscellaneous"
characteristics. Excavation and molding pose difficulties while pre-splitting blasting has poor effects. To address this is-
sue,we conducted a systematic blasting test combined with pre-splitting for central groove construction on layer III of
the power-house. In initial tests,both sides of the wall exhibited significant breakage after blasting and traces of pre-
splitting holes were not clearly visible when linear charge density was nearly 100 g/m lower than standardized calcula-

tion values. Acoustic testing data revealed that average longitudinal wave velocity in the rock mass body was 4.03 km/
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s indicating overall poor integrity. Additionally,segmental wave velocities along axial depths from0 ~1.5 m,1.5~3.9

m and 3.9 ~7.4 m were found to be 2.59 km/s,3. 58 km/s and 4. 70 km/s respectively suggesting segmented integrity

differences in depth direction. Based on these findings an average single-hole linear charge density for pre-splitting

blasts during excavation was determined to be between 0 . 123 ~0.284 kg/m with different densities selected according

to varying depths while small charge rolls were evenly spaced for each section. The results obtained through testing and

application have been positive ensuring basic formation of wall surfaces while significantly increasing half-porosity lev-

els.
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Cross-section of the excavation partition of the Illth floor of the underground plant( unit;cm)
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of the Yingliangbao Hydropower Station
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Table 1 Initial pre-splitting blasting test parameters and charges

Bk HAPUE LR LR 2518/ FLIE/ BRI SR/

LY

R em mm mm cm fE/em (gem™')
[ 30MPa 700 100 32 70 100 193.0 7795 1/2¢ 32 mm 2%, FIKE40 em JLIE 15 32 mm 2%
FLE 15 1/2¢ 32 mm 253, FPEE 5 T ¢ 32 mm 253, 6] 5
MP: 1 2 1 21.
50 MPa 700 100 3 70 00 321.0 55 cm, 7L 2 35 ¢ 32 mm 252
5 50 MPa 740 100 32 70 110 243.0 1575 1/3 ¢ 32 mm 2454, [6]FF 30 cm, FLIE 1 35 ¢ 32 mm 254
40MPa 740 100 32 70 110 216.0 137 1/3 ¢ 32 mm 253, [aF% 35 em, 4LEE 1 5 b 32 mm 253
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(b) Downstream pre—splitting
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(a) Upstream pre—splitting

and blasting effect and blasting effect
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Fig. 3 Field 1 blasting test pre-splitting blasting effect
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Fig. 4 Field 1 blasting test pre-splitting blasting effect

and blasting effect
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Table 2 Improvement of pre-splitting blasting test design parameters and charges

]

CilEs em mm mm cm fE/em (gem’')
3 60 MPa 740 100 32 70 94 263.5
50 MPa 740 100 32 70 110 243.0
50 MPa 740 100 32 70 110 243.0
4 60 MPa 740 100 32 70 115 263.5
70 MPa 740 100 32 70 110 283.8
80 MPa 740 100 32 70 125 304.0

22 35 1/4 ¢ 32 mm 2545 (8] 20 cm, LK 2 7 ¢ 32 mm 254
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20 %5 1/4 ¢ 32 mm 254 [8]f% 22 cm, fLJE 2 17 ¢ 32 mm 2545
17 35 1/3 ¢ 32 mm 253, [A]f% 25 cm, fLIE 2 5 ¢ 32 mm 253
12 95 1/2 ¢ 32 mm Z5#, [8]f% 35 em, FLJEE 2 95 ¢ 32 mm 254
13 35 1/2 ¢ 32 mm 2535, [6]f% 22 cm, L 2 7 ¢ 32 mm 2534
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Fig. 5 Field 3 blasting test pre-splitting blasting effect
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LA T U U R S 45 R TR, T B AN A X
SRR ) i R TR BE L, 32 2B DD 0 AL S 0 42 40 £
LIBREE S VR E BV A AL 22 57, DT X TR ARR s
ORI o P, J5 B2 THZ 5 B H 53R 4
FIE AP ARSI, XA R B SE PR BEA T PR 00T,
TR 25 2R A B HR UK

K7 LR FLAL A AL

Fig. 7 Pre-splitting hole residual hole condition

4 BWSHMANL

4.1 HEFERENFTEES
SR JH BAL P ARSI i I i AR B R E T

EAFRNEAR SERE R R A, DUITRT 5 R 19 58 7
BEATIEA o A I AL P B G 1 B 2L AL, FLIE
7.4 m, N UERG VR TR R A R ] B0 ~
15 m BL—A LA I, U rb oK VR AR A58

il i 28 A i 24 LAY 4 L Y G R Ry
4.03 km/s, LN B K 3 | fe /N 5 A 7 208 23 5
75.95 km/s 5 1.85 km/s , % JiF (19 58 B Pk 2 45030 [
$70.09 ~0.96, AT e 822 7 K, AR
RRE VAL A ) AR S N 2T R B AR
AL, FLIEO ~1.5m 1.5 ~3.9 m 3.9 ~7.4 m [K4
Bl - E 4 9o 2. 59 km/s, 3. 58 km/s,
4.70 km/s B, 8 TR AR S B e R BT, T
P A R R e v 2 (B AR N b 2 TR Y
A, FLEO0 ~1.5m 1.5 ~3.9 m 3.9 ~7.4 m gbX}
A SE B ME R A 5300 0. 18 ,0. 35.0. 60, “F- B A4
SERENE 3 I R B R e R 22 AL R BR 8 A
FLA A AR e AR B S SE R R e B A1, F 4% 20 A>T
SLL 0 A o B AR T Ry o0 B M 22 BB R R
AR, A2 LR AT, LN TR K™
7 SRR B A K A B DR UE P i I A 33
A7, A IR SL TR K 2k 7™ 8, v b R T i 8
W, UL DRz A A AR SR e e v 2%

4.2 BB EARLRSN

Sl T A e R A S B PR PP A5 SR, )
HE LRGS0 AR 3K 1) F00 L A ) o0 A PR AR
JE B EREEAEE L O ZHURZE SR, &Y
IR MR i i B R I DU 1 100 < il B B A6
AT BLBRE D PO A, e R W G R, SR T
324.3 ¢/m 337.8 g/m Fl 344. 6 g/m = FhLk B 25
JE 25 BRI L R R ™ R JE IS Y 55 4k, R
FL17 50 ~60 cm 4hZE AACA G FHASFLA R %, Hh
TR MR PR 00 1 R 25 SRR 2
BLULER 3, 45K 1Al 8 R,

DA 55 1 T U ) 90 2 R i Ak R A 1 9
JI7R o TEDCAR AR 12X 00 v, T e 00 51 2R A bl A5 2R
— T, KA A DX AT DAL R L A A Dk
o LM PR A B LB U0 RIRE 1, A A ATS SK B
/I8 S NI (BT o2 1 € Sl 1 012 R A e
AL R A I LAk B . IR A R R
R AR B8 0 4L o) 8 38 1 R 0 B VR 2N
H L 22 AL D7 1] 388 A5 1 DR 1) T L AR T 2 45 4
PRUE T BE [ A A, /N T XS R i IR s
T & TR T 2K,



72 1 1 2024 4F 6 A
#3 RABHRRIEITTSERELER
Table 3 Optimization of blasting test design parameters and charges
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~ 67 1/3¢32mm 8 1/2 ¢ 32 mm e .
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B 73 1/3¢32mm 87 1/2 ¢ 32 mm e .
5 337.8 740 100 32 70 50 - 60 2% A} 25 em 25% [ 30 em 277 ¢ 32 mm 2
3 1/3¢32mm 1175 1/2 ¢ 32 mm e N
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Fig.8 Optimization of blasting test pre-splitting blasting charge structure (unit;cm)
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